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(1) This appl iwwgoignsgd S (1) a continuation-in-part of U S appriUsswiosss
serial No. 08/662,331, filed June 12, 1996, pending, which is a

continuation-in-part of U. S appllcatlon serial No. 08/351,600, filed
Decenber 7, 1994, abandoned; (2) a continuation- in-part of U S, :
application serial No. 08/662,331, filed June 12, 1996, pending, which is a
continuation-in-part of PCT/US95/15829, filed Decenber 6, 1995, which is a
continuation- 15 In-part of U S. application serial No.

08/ 351,600, filed Decenmber 7, 1994, abandoned; (3) a continuation-in-part

of U S. application serial No. 08/662, 331, filed June 12 1996, pendi ng,
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application serial No. 08/662,331, filed June 12, 1996, pending, which is a
continuation-in-part of 20 PCT/ US96/ 05303, filed April 17, 1996,
whichds a continuation-in-part of U S "application serial No. 08/426, 981,

filed Apri | 21, 1995, abandoneq,ACKGROUND OF THE INVENTION

CROSS-REFERENCE TO RELATED APPLICATIONS

10 (I) This application is (1) a continuation-in-part of U.S. application se;ial No.
08/662,331, filed June 12, 1996, pending, which is a continuation-in-part of U.S.
application serial No. 08/351,600, filed December 7, 1994, abandoned; (2) a continuation-
in-part of U.S. application serial No. 08/662,331, filed June 12, 1996, pending, which is a
continuation-in-part of PCT/US95/15829, filed December 6, 1995, which is a continuation-

15 in-part of U.S. application serial No. 08/351,600, filed December 7, 1994, abandoned, (3ya

' continuation-in-part of U.S. application serial No. 08/662,331, filed June 12, 1996,
pending, which is a continuation-in-part of U.S. application serial No. 08/426,981, filed
April 21, 1995, abandoned; and (4) a continuation-in-part of U.S. application serial No.
08/662,331, filed June 12, 1996, pending, which is a continuation-in-part of

20 PCT/US96/05303, filed April 17, 1996, which is a continuation-in-part of U.S. application
serial No. 08/426,981, filed April 21, 1995, abandoned.

(II) This application is also (1) a continuation-in-part of U.S. application- serial No.
08/734,331, filed October 21, 1996, pending, which is a continuation-in-part of U.S.
25 application serial No. 08/662,33 1, filed June 12, 1996, pending, which is (a) a continuation-
in-part of U.S. Application Serial No. 08/351,600, filed December 7, 1994, abandoned,
(b) a continuation-in-part of PCT/US95/15829, filed December 6, 1995, which is a
continuation-in-part of U.S. Application Serial No. 08/351,600, filed December 7, 1994,
abandoned, (c) a continuation-in-part of U.S. Application Serial No. 08/426,981, filed April
30 21, 1995, abandoned, and (d) a continuation-in-part of PCT/US96/05303, filed April 17,



(I'l') This application is also (1) a continuation-in-part of U S.
application serial No. 08/734,33.1, filed Cctober 21, 1996, pending, which
isra continuation-in-part of U S. 25 application serial No.

08/ 662, 33 1, %b' 3# pne 12, 1996, pending, which is (a) ac e Ahdosy-

i n-part of U i\p 'cation Serial No. 08/ 351, 600, filed Decenper 7, 1994,
abandoned, (b) a continuation-in-part of PCT/US95/15829, filed Decenber 6,
1995, whi ch is a continuation-in- part of U3. Application Serial No.

08/ 351,600, filed Decenber 7, 1994, abandoned, (c) a continuation-in-part
of U S. Appli ca®96whishis atomipuatiosintast 6f3U.8, Appliceﬁbnd&eri'al N&®8/426,981, filed Agril

,:k\;9)r9|5I i?éndons\%‘ gl%pgf&g%pone& anr;lit(bi1 uggnltl?l&atfoﬂ-n -pa oPIfJ SPan-II_)/hga%%g/sgna? &3 filed

PCT/ US97/ 0993808/734)9%1, fitddi Odiobies 2B lemtpmag whithiisa Sokihusdiondih-Hart 6PPI i cat i on

Serial No. 08/4 1995, abandoned .and a oo
continuati on- i R%S'&?%S’&”?P éﬂe@g\m 124 ?%l’f" i$ 8 pontiguatignyin-part géef-,s- ppRlisgtion
Cct ober 21, 1986sa) RBNGH/3KI, ﬁddﬂﬁlEJ‘Db&nf&eﬁﬁﬁbbﬂ%iddgﬂed n-part of

PCT/ US95/ 15829, fi I ed June 12, 5, whi'ch i's a continuation-in-part of

U.S. Jpplication
(IIT) This application is also (1) a continuation-in-part of U.S. application serial No.

08/734,330, filed October 21, 1996, pending, which is a continuation-in-part of
PCT/US96/05303, filed April 17, 1996, pending, which is_a continuation-in-part of U.S.
application serial No. 08/426,981, filed April 21, 1995, pending; (2) a continuation-in-part

10 of U.S. application serial No. 08/734,330, filed October 21, 1996, pending, whichis a
continuation-in-part of U.S. application serial No. 08/426,981, filed April 21, 1995,
pending; (3) a continuation-in-part of U.S. application serial No. 08/734,330, filed October
21, 1996, pending, which is a continuation-in-part of U.S. application serial No.
08/662,331, filed June 12, 1996, pending, which is (a) a continuation-in-part of U.S.

15 Application Serial No. 08/351,600, filed December 7, 1994, abandoned, (b) a continuation-
in-part of PCT/US95/15829, filed December 6, 1995, which is a continuation-in-part of
U.S. Application Serial No. 08/351,600, filed December 7, 1994, abandoned, (c) 2
continuation-in-part of U.S. Application Serial No. 08/426,981, filed April 21, 1995,
abandoned, and (d) a continuation-in-part of PCT/US96/05303, filed April 17, 1996, which

20 is a continuation-in-part of U.S. Application Serial No. 08/426,981, filed April 21, 1995,
abandoned; and (4) a continuation-in-part of U.S. application serial No. 08/734,330, filed
October 21, 1996, pending, which is a continuation-in-part of PCT/US95/15829, filed June
12, 1995, pending, which is a continuation-in-part of U.S. application serial No.
08/351,600, filed December 7, 1994, abandoned.

25

All of the above. applications are hereby incorporated by this reference in their

entireties for all of their teachings.



serial No. 08/351,600, filed Decenber 7, 1994, abandoned. 5 (1I1) This
application is also (1) a continuation-in-part of U S. application serial
No. 08/734,330, filed October 21, 1996, pending, which is a

conti nuati on-i gygPdrssgef PCT/ US96/ 05303, filed April 17, 1996, pgaushrnmas
which is a continuation-in-part of U S. application serial No. 08/426, 981,
filed April 21, 1995, pending; (2) a continuation-in-part 10 of
U.S. application serial No. 08/734,330, file¥ Cctober 21, 1996, pendi ng,
which is a continuation-in-part of U S. application serial No. 081426, 98 1,
filed April 21, OMﬁﬁ, ON continuation-in-part of U S.
application serial No. 08/ 734,330, filed Cctober 21, 1996, pending, which
is a continuation-in-part of U S. application serial No. 08/662, 331 filed
June 12, 1996, pendl ﬁg\smmtmrﬂye(smeuﬂzmmmmmmhentmesm artigufarly 1 5

AOPLL oot on Ser LBl R Al A RESE FbhtaiSEe. TR, 2
conti nuati on- i nr¢lgted genbrally €. anAdrbenitindior caalysepartidiothatHas Bﬁiofdﬂ(ldscfrbémd

Decerrber 7, 1994, abandoped, (c).a continuation-in-part, l'icajion
Seri al®No. 08/ 4Pippeties an ?fwaafoxf#?qnez'iy exishing cataiptic RIEpRItes %é(rﬂ!F ‘(SB)"AE*% Pa’“°}°

conti nuati on- i NyPeyribiration with Hg%é&ﬁ%)der td ﬁrsaheélarpahxcl’%mdw em/M¥He!binder can
is a continuation-in-part of Application Serial No. 08/426,981, filed
April 21, 1995, either cross-link to the pamcle, cross-link to itself and envelope the particle or both. This

invention also relates to a binder/adsorbent and/or catalyst system that can be used as an
anchored catalyst system.
10



abandoned; and (4) a continuation-in-part of U S. application serial No.
08/ 734,330, filed Cctober 21, 1996, pending, which is a
continuation-in-part of PCT/US95/15829, filed June 12, 1995, pending, which

is a continualRubaapart of U.S. application serial No. 08/ irhu 2 1 | ed
Decenber 7, lg“éﬁd,%?ggmdoned. 25 Al of the above. applications as?g’&ﬁereby

i ncorporated by this reference in their entireties for all of their

t eachi ngs. WO 97/ 47380 4

PCT/ US97/ 09938 3 FIELD OF THE I NVENTI ON This invention relates generally to
enhanced adsor BAGKGROUNDART particularly particles that have been

adsor bent enhanced by contacting with acid. This invention also rel ates
generally to an adsorbent and/or catalyst particle that has inproved

adsor bent 5 OxidesOofaintils argiscefiaifl honi-mefaly 2o Kitbw tobe uheful € réinblifg

catalytic pro p%x}siit(agntls) ¥ro£nhaegag %1? li(?ufid gtpegm arahio%gxt mechanisms. 'For example, the use of
activated alumina is considered to be an economical method for treating water for the
5 removal of a variety of pollutants, gasses, and some liquids. Its highly porous structure

allows for preferential adsorptive capacity for moisture and contaminants contained in
gasses and some liquids. It is useful as a desiccant for gasses and vapors in the petroleum
industry, and has also been used as a catalyst or catalyst-carrier, in chromatography and in
water purification. Removal of contaminants such as phosphates by activated alumina are

10 known in the art. See, for example, Yee, W., "Selective Removal of Mixed Phosphates by

Activated Alumina," J.Amer. Waterworks Assoc., Vol. 58, pp. 239-247 (1966).

U.S. Patent No. 4,795,735 to Liu et al. discloses an activated carbon/atumina
composite and a process for producing the composite. The composite is prepared by

15 blending powders of each of the activated carbon and activated alumina constituents. After
the blend is thoroughly mixed, an aqueous solution is added to permit the activated alumina
to rehydratably bond to the carbon particles. The amount of water added does not exceed
that which prevents the mix from being extruded or agglomerated. After the water is
added, the mix is subjected to a shaping or a forming process using extrusion,

20 agglomeration, or pelletization to form a green body. The green body is then heated to a
temperature of 25-100°C or higher. The composite may be strengthened by peptizing by
adding nitric acid to the mixture. It is disclosed that the alumina can serve as the binder as
well as the absorbent. This patent does not use a calcined alumina. Liu er al. discloses an
amorphous alumina trihydrate powder, such as CP2 obtained from Alcoa and an

25 amorphous alumina trihydrate powder such as CP-1 or CP-7, which are recited in U.S.
Patent No. 4,579,839, incorporated by reference in Liu ef al. Liu ef al.‘s use of the term
active refers to the surface water being dried and does not refer to a calcined particle. Liu
et al. uses acid to strengthen the particle and not to enhance its adsorbent properties. Liu

et al. uses an alumina precursor, which is an absorbent and not an adsorbent.
30



In conmbination with a particular binder to produce a particl e/ binder

system The binder can either cross-link to the particle, cross-link to

i tsel f -and envel ope the particle or both. This invention also relates to a
bi nder/ adsor bepé oppdPr catal yst systemthat can be used as ppraReiRs®Rd
catal yst system 1 WO 97/ 47380

PCT/ US97/ 09938 4 BACKGROUND ART Oxi des of netals and certain non-netals are
known to be useful for renoving constituent® froma gas or l'iquid stream by
adsor bent nechani sns.  For exanséq t he use of activated aI umion

S ..
considered to be an W8dprient or 3460 histtorRullen disslosesicamposition bavin sogption and

removal of a vay *aghg eﬁﬁkl ;‘&m iFBte fhihel hi ghl y
porous structure S\?\stp B e?zeﬁiﬂlélé g%aslg!?%aﬁge ce{%am ?3 or ‘noi sture
and cont am nant@hwmdmﬂ-dmwhﬁkatammmdtyeqbumnter-turr@tﬂgwfvmh fas a

desi ccant for gasses and Vv rs in
eated gas an ah i gttémperat&r@%f gg t%&#? and an outlet temperature of about

300°F. The resulting product was washed with 5% sulfuric acid, rinsed with water and

) dried to about 2% free water content. Solid sucrose was mixed with the hydrate and the
mixture heated. Example 4 discloses that the procedure of Example 2 was repeated except
that calcined alumina was used. The product was unsuitable when calcined alumina was

used. Thus, the acid washed product of Example 2 was not a calcined alumina.

10 U.S. Patent No. 4,051,072 to Bedford et al. discloses a ceramic alumina that can be
treated with very dilute acid to neutralize the free alkaline metal, principally Na,0, to
enable impregnation with catalytic material to a controlled depth of from at least 90 to
about 250 microns. This patent does not use a crystallized aluminum oxide that has been
calcined in accordance with the instant invention. This patent calcines the particle at a

15 temperature of from about 1700°F to about 1860°F (927°C to 1016°C) to form a ceramic

material, specifically what is referred to herein as an alpha alumina.

" U.S. Patent No. 5,242,879 to Abe et al. discloses that activated carbon materials,
which have been subjected to carbonization and activation treatments, and then further
20 subjected to an acid treatment and a heat treatment, have a high catalytic activity and are
suitable as catalysts for the decomposition of hydrogen peroxide, hydrazines or other water
pollutants such as organic acids, quaternary ammonium-salts, and sulfur-containing
compounds. Acid is used to remove impurities and not to enhance the adsorbent features.
This patent also does not utilize a particle of the instant invention.

25

Adsorbent particles of the prior art have not achieved the ability to remove
particular contaminants from a liquid or gas stream, such as, for example, a waste stream or
drinking water, to acceptably low levels. Additionally, the adsorbent particles of the prior

30 art have not been able to bind tightly to particular contaminants so that the adsorbent



I ndustry, and has al so been used as a catal yst or catalyst-carrier, in
chromat ography and in water purification. Renoval of contam nants such as
phosphat es by activated alunmi na are 10 known in the art. See, for
exanpl e, Yee, wWomsmms! €Ctive Renoval of M xed Phosphates by IYPé9Bsh

Alum na," J. Aner. terworks Assoc., Vol. 58, pp. 239-247 (1966). U. S. -
Patent No. 4,795,735 to Liu et al. discloses an activated carbon/al um na
conposite and a process for producing the donposite. The conposite is
prepared by 15 bl endi ng powders of each of the activated carbon .
and acti vat ed pérticle/oentaminant icomposition cdd basafalyndisguisedof i 8 lantifill. oTigis) thereinaed, an

aqueous solutipn i s add t etm,t the acti.vated, al.unm na, to rehydratably
bond to the ca€ oﬁ“ﬁ%‘?’{‘?‘gﬁ%@@%‘#&”&%g}ﬂﬂ%‘F%‘i"g?d%ﬂgg}f%@Pﬁ&%@&ceed
that whi chdgrgmmﬁﬂs,tﬂaﬂicpiaﬂy é%mifmiémlﬁxtghﬁdﬂﬁuﬂrstmh?MWﬁﬁAﬁé er the
water is added, the mx . is subjecfed to a shaping or g form r gcess
usi ng extrusi offready 'I[Herehasbc.:en % ’Bmﬁtgéﬂ‘," §o P@f‘?‘i’a‘?i%ﬁgﬁ{g‘“&ﬂ a
green body. TNgis6ibes BodaiiarisS ApARG 88eRfbchferéi BRI dihitice) plrtidosdilisy 11 C

or higher. The conposite may be strengthened by peptizing by adding nitric
acid5t o the mishoye problemsiinthdiagc| osed that the al umi na can serve as the
bi nder as well as the absorbent. This patent does not use a cal cined
alumina. Liu et al. discloses an anorphous alum na trihydrate powder, such
as CP2 obtained frdmsAPsiest Nu3,422,325t0 Banerjee et al. distiopds ahespréparationdf & puinpdr at e
powder such asab?v.l:fei’racg)t{3rycl:rlnas_uza’torvt\é?)}u%ur:]sit?orn(.a hgglortnggsitiorr]n cghgs'ts of the combination of a
wet component of colloidal silica (40%) in water, and a dry component consisting of stan-
10 dard refractory material. Examples of refractory material include clay, kaolinite, mullite,
alumina and alumina silicates. The resuiting insulating composition was cast into shape,

dried and baked to form an insulating layer.

Japanese Patent No. 63264125 to Fumikazu et al. discloses the preparation of dry
15 dehumidifying materials. Moisture is removed from room air or gas as it passes through a
dehumidifying rotor of zeolite (70% by weight) and an inorganic binder (2-30% by weight).
The inorganic binder includes colloidal silica, colloidal alumina, silicates, aluminates and
bentonite. Wet air was passed through the dehumidifying rotor, and the amount of dried

air was assessed.

20
Japanese Patent No. 60141680 to Kanbe ef al. discloses the preparation of a refrac-
tory lining repair material. Thie material was prepared by adding a solution of phosphoric
acid with ultra fine silica powder to 2 mixture of refractory clay and refractory aggregates
composed of grog, alumina, silica, zircon and pyrophyllite. The refractory material has
25 improved bonding strength and minute structure, and are useful for molten metal vessels

such as ladles, tundishes,-and electric furnaces.

Adsorbent particles of the prior art have not achieved the ability to remove par-
ticular contaminants from a liquid or gas stream, such as, for example, a waste stream or

30 drinking water, to acceptably low levels. | Additionally, the adsorbent particles of the prior



Pat ent No. 4,579,839, incorporated by reference in Liuet al. Liuet al."s
use of the termactive refers to the surface water being dried and does not
refer to a calcined particle. Liu et al. uses acid to strengthen the

particle and ngpobgmgyhance its adsorbent properties. Liu et pgruseresssan
al um na precursor, which is an absorbent and not an adsorbent. 30 WO’

97/ 47380 PCT/ US97/ 09938
U.S. Patent No. 3,360,134 to Pullen discloséds a conposition having

adsorption and catal ytic properties. Exanpl.e 2 discloses q}r% &.l t'ig%ng hydr at e
formed by part it havedetbesp able tobind fishily 2o partisularcopiatrmants so that theagJarpant oy
by counter-currgnt E?}%dﬁh 5&&;0 al?l?é afRFdigiodsed 0% a lARHARE Py, tRer@thagibout
1200[ err] F and ‘an (%%/t et tgerﬁnﬁeraturgqo a%out 0(25[er(]?5.a The res_ul?i ng
product was wasteed aweedinElié astfof adsorbents ithas havierimproved ability\ta aslsorhpgrtigular

dried to about 2% f.r.ee water content ol id suGgr ' ne e
hydrate and t he™ e??lﬁ rpénﬁglﬁfl%ﬁﬂmﬁm Ha s%'ﬁﬁgégtf?%‘;ﬁg}’ﬁgﬁg‘é@ﬁ?e of
Exanpl e 2 was rgpamt TheRHasbden aodd it thecdrifor theladsorbent particlesstedightlynbking tooiieic t
was unsuitabl e when cal ci ned al um na was . . )
5 adsorbed contaminant. Also, there has been a need in the art for catalysts that have the
ability or that have an improved ability to catalyze the reaction of contaminants into non-

contaminant by-products.

Typically in the art, binders block active sites on the adsorbent and catalyst
10 particles, thereby reducing the efficiency of such particles. Therefore, there is 2 need in the
art for a binder system that binds adsorbent and/or catalytic particles together without

reducing the performance of the particles.

Applicants have discovered that by using a special binder for adsorbent and/or
15 catalytic particles, improved or new adsorbent and/or catalytic properties can be achieved
due to the synergy between the binder and adsorbent and/or catalyst particle.

None of the above-cited documents discloses the compositions or processes such as
those described and claimed herein.
20



used. Thus, the acid washed product of Exanple 2 was not a cal cined

al um na. 10 U S. Patent No. 4,051,072 to Bedford et al.

di scl oses a ceram c alum na that can be treated with very dilute acid to
neutrallzet P?] Ikaline metal, principally Naferr]O tg fﬁ

i npregnation W catalytic material to a controlled depth o from at |-east
90 to about 250 m crons. This patent does not use a crystallized al um num
oxi de that has been calcined in accordance &ith the instant invention. This
patent calcines the particle at a 15 tenperature of from about
1700[err] F to about 1860[ err]F SUMMARY| QF (IHE INVENTION) to forma ceramc
material, specifically what is referred to herein as an al pha alumna. U S

Pat ent No. 5,242,879 to Abe et al. discloses that activated carbon
mat eri al s, whi ch hanactnedamcs with mbtmbdse(s):@mhi@nhmtohm eibddied kndsbadin

treatnments, furt ected to ap acid treatnent
and a heat treg‘?sﬁ‘g??a g“%!“\‘ﬁ“{jﬂ“’é%{?%ﬂ 35‘?‘?"6 %!JG'FNHQEF"EHEP"&P@@E‘PE bl e as
catal ysts for iingncdsG@edAsRt birfkile Sm rg%&aan.gra%hsaﬁm rph6EY, A6h-Baimie! Ot her

wat er pol | utants such as organic acids gguate nary ammoni umsalts, and
sul f dr - cont ai mmgalhmpmma@cmd @luminuss exide mdmwwmeduwd by calginingatia t o

par i cle of { neae et bEfom 30 SCRTARY ¢ URPBETA et HEBAT, o, o

have not achi emedasehise misotbedt\praperties wbthe particle.

The invention further provides a process for producing an enhanced adsorbent
10 particle comprising contacting a non-ceramic, porous, oxide adsorbent particle with an acid

for a sufficient time to increase the adsorbent properties of the particle.

In yet another aspect, the invention provides for particles made by the process of
the instant invention,
15
In yet another aspect, the invention provides for a process for reducing or
eliminating the amount of contaminants in a stream comprising contacting the particle of
the invention with the stream for a sufficient time to reduce or eliminate the contamination
from the stream.
20
In still yet another aspect, the invention provides a composition comprising the

particles of the invention.

In another aspect, the invéntion relates to a method for producing an adsorbent
25 and/or catalyst and binder system comprising
i) mixing components comprising
a) a binder comprising a colloidal metal oxide or colloidal metalloid
oxide; :
b) an oxide adsorbent and/or catalyst particle, and

30 , c) an acid,



particular contamnants froma liquid or gas stream such as, for exanple,
a waste streamor drinking water, to acceptably low |l evels. Additionally,

the adsorbent particles of the prior 30 art have not been able to
bind tightly t@oRaiisggul ar contam nants so that the adsorbentpcruséfosss
97/ 47380 PCT/ US97/ 09938

6 particle/contam nant conposition can be safely disposed of in a landfill.

Thus, there has been a need in the art for aflsorbents that have i nproved

ability to adsorb particular materjals, particular]l ont am nant s {.rom a
frotu l

gas or liquid streamb to TeRoViSsy syfisientamonnt of wates ffomythe mixtyre £0 FROSHINK oo
in the art for the adsorbgpt | t | af affiSing
contam nant. Applicants havepogi&g%:%@grq’ztg ‘tﬂlﬁgéﬂ?géﬁe@ﬁhgﬁtgéﬂgﬁrt I cl eé?g%jslte\%s
the 5 above problens in the art. U S. Patent No. 5,422,323 to
Banerjee et al. discloses the preparation of a punp- able refractory

I nsul at or conposition. The conposition consists of the conbination of a wet

conmpon te nt of f col | oi dp arfotter aspedt 408 nveriongi@ides fordinadsbrbent amifurrvatalyst system
consi sting of stan-
5 J made by the processes of the invention.

In one aspect, the invention provides an adsorbent and/or catalyst and binder system
comprising a binder that has been cross-linked with at least one type of oxide adsorbent
and/or catalyst particle.

10
In yet another aspect, the invention provides a method for reducing or eliminating
. the amount of a contaminant from a liquid or gas streami_compxising contacting the
adsorbent and/or catalyst binder system with the contamihant in the stream for a shiﬁcient
time to reduce or eliminate the amount of contaminant from the stream.
15

In yet another aspect, the invention provides a method for catalyzing the degra-
dation of an organic compound comprising contacting the organic compound with the
adsorbent and/or catalyst system for a sufficient time to catalyze the degradation of an
organic compound.

20

In yet another aspect, the invention provides a method for reducing or eliminating
the amount of a contaminant from a gas stream by cata;__l_sl_r's'is comprising contacting the
adsorbent and/or catalyst binder system with-a gas stream containing a contaminant
comprising an oxide of nitrogen, an oxide of sulfur, car_'bjéh monoxide, hydrogen sulfide, or

25 mixtures thereof for a sufficient time to reduce or eliminate the contaminant amount.

In yet another aspect, the invention provides a method for preducing an adsorbent
and/or catalyst and binder system comprising o

i) mixing components comprising



10 dard refractory material. Exanples of refractory materi al

I ncl ude clay, kaolinite, mullite, alumna and alumna silicates. The
resulting insulating conposition was cast into shape, dried and baked to
form an i nsulwbiohgrggyer. Japanese Patent No. 63264125 to Fuyi@riikstesdis al .
di scl oses the preparation of dry 15 dehum difying materials. -
Mbisture is renoved fromroomair or gas as it passes through a

dehumi difying rotor of zeolite (70% by wei dft) and an i nor gani ¢ bi nder
(2-30% by weight). The inor gam c binder includes colloidal silica,

col | oi dal al unina, silicdtes? demqmlé@saﬁqﬂqy@hmmeademﬂaﬂﬂmlowssed
t hrough the dehum di fyi ng ro%&'g and the anount of dried air was assessed.
20 Japanese Patent No. 60141 to Kanbe et al. discloses the preparation
of a refrac- tory linind)r epalﬁrstrﬁSOebmatndldfhm}yutmniqwﬂmabepmpms&dinlbyim
addi ng a solution of phosphorjg.acid with ultra fine silica powder to a
m xture of refractory clay aﬁibe %VIory aggr egat es conposed of grog,
alumna, silica, zircongnd pyaegphyllite. The refractory material has 25
|rrproved bondi ng strength and m nute structure, and are useful faor nolten

. net aP vessels such s Ié&'l"@@“gﬂﬂ%ﬁ?‘%é@“‘&ﬁﬁ%ﬁ%@?ﬁ@ﬁ%&&b‘@%orbent
particles of the prior abmpbfthfa ifisefCthiretirchtrbpifingRid Holding 3mipBR&EY B vifhin

the cross-linked binder, to form an adsorbent and/or catalyst and binder
system.

10 In another aspect the invention relates to a composition for binding
adsorbent and/or catalytic particles to produce an agglomerated particle comprising (a) 2
colioidal metal oxide or colloidal metalloid oxide and (b) an acid.

In another aspect the invention relates to a kit for binding adsorbent and/or catalytic
15 particles to produce an agglomerated particle comprising (a) a colloidal metal oxide or
colloidal metalloid oxide and (b) an acid.

In yet another aspect, the invention provides a method for binding adsorbent and/or
catalytic particles, comprising the steps of:
20 (2) mixing colloidal alumina or colloidal silica with the particles and an acid;
(b) agitating the mixture to homogeneity; and
(©) heating the mixture for a sufficient time to cause cross-linking of the

aluminum oxide in the mixture.

25 In still yet another aspect, the invention relates to an adsorbent and/or catalyst and
binder system, comprising:
(a)  apendant ligand substituted or unsubstituted binder, and
{b)  apendant ligand substituted or unsubstituted;ovdde adsorbent and/or oxide
catalyst particle, |



ticular contamnants froma liquid or gas stream such as, for exanple, a
wast e streamor 30 drinking water, to acceptably |ow | evels.
Additionally, the adsorbent particles of the prior WO 97/ 47380

PCT/ US97/ 09938x4 odftisgfiave not been able to bind tightly to pacrnseienss
contam nants so that the adsorbent particle/contam nant conposition can be
safely disposed of in a landfill. Thus, there has been a need in the art
for adsorbents that have inproved abili ty tdladsorb particular naterials,

particularly contam nants froma gas or UIdS ream reb rify
thehslt regm dTherehha@lhg@e#”&aﬁﬁéE‘tPfW"Pﬁ@nﬁ )c‘ﬁﬂe"éﬁ%ﬁt%%ﬁﬁ% ﬁ?fgtfaﬂés to
tightly bind to the t‘ﬁ{q 0, there has been
a need in the art foghm"l cf)mg?nenf(ﬂgx?cﬁﬁ &lﬁge a |ﬁ3ty of “that have an
inproved ability to catalyze the reaction of contaminants into non-
on the. adsor bant - andixAEpiie Gpech¥ invehsion il o Gl F g i B NGk 67
efficiency of syghyRaappost system Tomprising bindingwhe ebove systenewith a Secohd catalyst

5 particle.

In still yet another aspect, the invention relates to an anchored adsorbent and/or
catalyst and binder system, comprising:
(a)  apendant ligand substituted or unsubstituted binder, and
10 ()  a pendant ligand substituted or unsubstituted oxide adsorbent and/or oxide
catalyst particle, and
(c) a metal complex,
wherein at least one of components (a) and (b) is pendant ligand substituted,
wherein component (a) is cross-linked with component (b), and wherein the metal

15 complex (c) is bound to component (a) and/or (b).

In still yet another aspect, the invention relates to a method for producing a pendant
ligand substituted adsorbent and/or catalyst system, coniprising: ' '
6] mixing components, comprising:
20 (a)  apendant ligand substituted or unsubstituted binder comprising a
| colloidal metal oxide or a colloidal metalloid oxide,

) a pendant ligand substituted or u’r_‘xéubstituted oxide adsorbent and/or

oxide catalyst particle, and
(c)  anacid,
25 wherein at least one of components (a) and (b) is pendant ligand substituted,
-and . '

(i)  removing a sufficient amount of water from the mixture to cross-link
components (a) and (b) to form a pendant ligand substituted adsorbent

and/or catalyst and binder system.



art for a binder systemthat binds adsorbent and/or catalytic particles
toget her wi thout reducing the performance of the particles. Applicants have
di scovered that by using a special binder for adsorbent and/or 15

catal ytic pakgd i nproved or new adsorbent and/or catal yipfsPiegrti es
can be achieyg%g%ﬁﬁyﬂ<a t he synergy between the binder and agég?gent and/ or
catal yst particle. None of the above-cited docunents discloses the
conpositions or processes such as those dd&cri bed and cl ai med herein. 20

WD 97/ 47380

PCT/ US97/ 09938 SUMVhRmetiod TriEfurthiamipase (iif) bindingraduetaleomiplen ontecthe rasylting: ( s)
of this invention, e i d br I | herein, this
i nvention, in one ?@E%‘b{’?&%e(ﬁg&"?é"’f oegg%'l‘%egce‘i'g@:y?ﬂo&i roduci ng an enhanced

adsorbent particle conprising contacting a non-anorphous, non-ceramc, 5

crystalline,

calcining at a

10

15

20

25

orous, calciped, alum num oxjde particle that s produced b
D in stxﬂ yet another aspect, the {nventxgn relates to a methodV\‘%r pl%dugng an y

adsorbent and/or catalyst and binder system comprising

® mixing components comprising |
(@)  abinder comprising a colloidal metal oxide or colloidal metalloid

oxide, :
(b)  an oxide adsorbent and/or catalyst particle, and
(c) anacid, '

(ii) removing a sufficient amount of water from thie mixture to cross-link
components a and b to form an adsorbent.a'nd'lor catalyst and binder system,
and

i)  reacting the resultant oxide adsorbent and/or oxide catalyst particle and the
binder system of step (i) with a hydroxyl-reactive compound to form a
pendant ligand substituted oxide adsorbent and/or oxide catalyst and binder

system.

In another aspect, the invention relates to the above method further comprising
after step (jii) binding a metal complex onto the resulting system of step (iii) to form an

anchored catalyst system.

In another aspect, the invention relates to an anchored adsorbent and/or catalyst and
binder system, comprising:
(a) a binder, and
(b) an oxide adsorbent and/or oxide ca;_._al_y_st particle, and
(©)  ametal complex, 8
wherein component (2) is cross-linked with component (b),and wherein the metal complex
(c) is bound directly to component (a) and/or (b). o

v



particle tenperature of from300 Cto 700 C, with an acid for a sufficient
time to increase the adsorbent properties of the particle. The invention
further provides a process for produci ng an enhanced adsorbent 10
particle conprw®argrsent acti ng a non-ceram c, porous, oxide aptswssend93s
particle with an acid for a sufficient tinme to increase the adsorbent '
properties of the particle. In yet another aspect, the invention provides
for particles made by the process of the indBant invention. 15 In yet

anot her aspect, the inwﬁntion provideg for a process for reducin

or
elininating the anmoulstllpetagathsraspet,tae javention relates foagpgthoddporprogysingan  ng

the particle of afdi6rel A¥RMBenPihd/drichtalyRSyitbh CMpkisihga sufficient tine to
reduce or elimnate the contam nation P(romthe stream 20 In still yet

anot her aspect, the (hvermixing cpmpanentsscampeisi®gosi ti on conprising the
b fthe i . | . ; ;
particles of the inventl Qb?r{&é%ﬁﬁprﬁﬁ@%%llmg%g}ega?&%{ de’cJﬂSidedﬁeBt?l%ogde?

nmet hod for produci ng an adsor ben catal yst an
system conpri sing oxide,

5 (b)  anoxide adsorbent and/or oxide catalyst particle, and
(c) anacid,

(i) removing a sufficient amount of water from the mixture to cross-link
components (a) and (b) to form an adsorbent and/or catalyst and binder
system, and

10 @ii)  binding a metal complex directly onto the resulting system of step (ii) to
form the anchored catalyst system.

In another aspect, the invention relates to a method of encapsulating a contaminant
within an adsorbent particle comprising heating the particle of the invention that has
15 adsorbed a contaminant to a temperature sufficient to close the pores of the particle to

thereby encapsulate the contaminant within the particle.

In another aspect, the invention relates to a method for regenerating the adsorbent

particle that has adsorbed a contaminant.

20
Additional advantages of the invention will be set forth in part in the description
which follows, and in part will be obvious from the description, or may be learned by
practice of the invention. The advantages of the invention will be realized and attained by
means of the elements and combinations particularly pointed out in the appended claims. It
25 is to be understood that both the foregoing general description and the following detailed

description are exemplary and explanatory only and are not restrictive of the invention, as

claimed.



i) m Xi ng conponents conprising a) a binder conprising a coll oi dal

netal oxide or colloidal netalloid oxide, b) an oxi de adsor bent and/or
catal yst particle, and 30 c) an aC| d,
97/ 47380 WO 97/4 ,%g;./,tgg,%BB 9

i) removing a su?"flm ent anount of water fromthe mxture to cross-link
conponents a and b to form an adsorbent and/or catal yst and bi nder system
I n anot her aspect, the invention provides fldr an adsorbent and/or catal yst
system5 made by the processes of the invention. In one aspect,
the invention provides an adBBIBERESCRIPTIONOE THE FEGURESnder system
conprising a binder that has been cross-linked with at | east one type of
oxi de adsorbent and/or catalyst particle.

Fig. 1 is a graph showing the reduction in concentration of lead ions using a particle of the

invention.

5 Fig. 2 is a graph showing surface area vs.curing temperature of alumina-alumina

composites.

Fig. 3 is a graph showing the oxidation of CO over time using CuO/MnO,/AL,O,-colloidal
alumina binder.

10 _
Fig. 4 is a graph showing the reduction of NOx over time using Cu0/Ga,0,/Al,0,-colloidal

alumina binder.



10 I n yet another aspect, the invention provides a nethod for reducing or
elimnating the anount of a contamnant froma liquid or gas stream
conprising contacting the adsorbent and/or catalyst binder systemwth the

contanmi nant i nyhlagsfaks eam for a sufficient tine to reduce or pelruspnesbs t he
amount of contam nant fromthe stream 15 In yet another aspect, the

I nvention provides a nethod for catalyzing the degra- dation of an organic
conpound. conpri sing contacting the organic &npound with the adsorbent

and/ or catalyst systemfor a sufficient ti rre to catal yze the degradation of
an organi c conmpound. 20 In yet anoD¥d Cﬂientlon provi des a
met hod for reducing or elimnating the am)unt of a contam nant froma gas
stream by catal ysis conprising contacting the adsorbent and/or catalyst,

bi nder system with aThggmesttirentioumsypberindgrstod oorereadibnty refereped toithgfollawing

OxT e ol 1 00 A0t S R R IR e i G s

el imnate the cgetesyri nant anount. In yet another as pect t he i nvention
pr ovi cges a nmethod for producing an adsor bent
Before the present compositions of matter and methods are disclosed and described,
it is to be understood that this invention is not limited to specific synthetic methods or to
particular formulations, as such may, of course, vary. It is also to be understood that the
terminology used herein is for the purpose of describing particular embodiments only and is
10 not intended to be limiting.

In this specification and in the claims which follow, reference will be made to a

number of terms which shall be defined to have the following meanings:

15 The singular forms "a," "an" and "the" include plural referents unless the context

clearly dictates otherwise.

"Optional" or "optionally" means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where said

20 event or circumstance occurs and instances where it does not.

The term "particle” as used herein is used interch?,pgeably throughout to mean a
particle in the singular sense or a combination of smaller ﬁarticles that are grouped together
into a larger particle, such as an agglomeration of particles.

25

The term "ppm" refers to parts per million and the term "ppb" refers to parts per

billion.



and/ or catal yst and bi nder system conprising i) m xi ng conponents

conpri si ng WO 97/ 47380

PCT/ US97/ 09938 10 a) a binder conprising a colloidal netal oxide or

col | oi dal netgblepigHgpxi de, b) a first adsorbent and/or Cfﬁzg'}l)éﬁ';mﬁﬁrt icle
that does not cross-link with the binder, and c) an acid,
1) renmoving a sufficient ampunt of water fromthe mxture to cross-Ilink
component a to itself, thereby entrapping d6d hol ding conponent b within
the cross-1linked binder, to form an adsorbent and/or catalyst and binder
system 10 The term “and/or” in “adsbrbeatakiloz catalyste cdfers trea partidathapeithesions es

to a conpositi 2 éa?z{lysglaxqczjtldsnogbent, or can act as both an adsorbenf,#nd catalyst under different

circumstances due to, for example, the composition and the type of contaminant.

L _ACID ENHANCED OXIDE ADSORBENT ANDIOR_- ATALYST PARTICLE

In accordance with the purpose(s) of this invention, as embodied and broadly
described herein, this invention, in one aspect, relates to a _érocess for producing an
enhanced adsorbent particle comprising contacting a nori%‘inorphous, non-ceramic,
crystalline, porous, calcined, aluminum oxide particle that was produced by calcining at a

10 particle temperature of from 300° C to 700° C, with an acid for a sufficient time to
increase the adsorbent properties of the particle. This process can also consist essentially
of or consist of the particular process steps as described above or further including the

additional features described below.

15 The invention further provides a process for producing an enhanced adsorbent
particle comprising contacting a non-ceramic, porous, o:gi‘d'e-adsorbem particle with an acid
for a sufficient time to increase the adsorbent properties of the particle. This process can
also consist essentially of or consist of the particular procé_ss:steps as described above or
further including the additional features described below. In one embodiment, this particle

20 is calcined. '

In yet another aspect, the invention provides for hﬁfﬁcles made by the process of

the instant invention.

25 In yet another aspect, the invention provides for a-process for reducing or
eliminating the amount of contaminants in a stream compﬁf.’v;i_ng contacting the particle of
the invention with the stream for a sufficient time to redu;"c_:é-" or eliminate the contamination

from the stream.



adsorbent and/or catalytic particles to produce an agglonmerated particle
conprising (a) a colloidal netal oxide or colloidal metalloid oxide and (b)
an acid. In another aspect the invention relates to a kit for binding

adsor bent and/ @qigeatabytic 15 particles to produce mIT/US97/09938

aggl onerated particle conprising (a) a colloidal netal oxide or colloidal
netal l oid oxide and (b) an acid. In yet another aspect, the invention

provi des a nethod for b| nd| ng adsor bent and/16r cat alytic particles,
conprising the steps of: m xi ng col | oi daI

al umina or col | oi daI I"si“p NE‘a“ﬂﬁhF"rPsP% %wm%gmaﬂas % FprRasion ERMPTISIELN o1 i g

the m'xturetop éiﬁv Pﬁl_(c) heating the mxturefor a sufficient
time to causecoss |ngo the al umi numoxide in the m xture. 25
In still yet another aspect the invention relates to an adsorbent and/or

catal et A bl nder PR e R A BBt e
unsubsti t ut ed Oisirﬂelem bfveitioaed adsordd lagercanionht/ oft adgarbate perasnit volume or
5 weight of adsorbent particles than a non-enhanced particle. Also, the particles of this
invention can reduce the concentration of contaminants o_i' adsorbate material in a stream to
a lower absolute value than is possible with a non-enhané‘e‘d particle. In particular
embodiments, the particles of this invention can reduce the contaminant concentration in 2
stream to below detectable levels, believed to be never before achievable with prior art
10 particles. Enhanced adsorptive features is intended to partwularly include ion capture and
ion exchange mechanisms. Ion capture refers to the ability of the particle to irreversibly
bind to other atoms by covalent or ionic interactions. In this invention, the ion capture
typically predominates over the ion exchange property, and it is typically the improved ion
capture property that improves the adsorbent performance of the particle. Adsorption is a
15 term well known in the art and should be distinguished -frbm absorption. The adsorbent
' particles of this invention chemically bond to and very tightly retain the adsorbate material.

These chemical bonds are ionic and/or covalent bonds.

Not wishing to be bound by theory, it is believed _'that the acid contacting of the
20 particle enhances the adsorptive capacity of the particle By-'increasing the number of
hydroxyl groups on the particle. With cationic and anionic contaminants, the hydroxyl
groups provide sites for chemical bonding or replaceme_nﬁ,f__ such that the contaminants bond
irreversibly with the particle. In general, the increased af;hpunt of hydroxyl groups generate
more active sites for the contaminant to bond with. )
25
The invention contemplates-the use of any prior art-adsorbent and/or catalyst-
particle or composite particle of two or more types of p‘a_‘i'ticles. In a preferred embodi-
ment, the particle comprises an oxide particle, even moré preferably a non-ceramic, porous
oxide particle. The particle in one embodiment comprise:_'_s'}j_a metal or metalloid oxide

30 particle. Examples of such particles include, but are n&i-l'iifnited to, oxide complexes, such



WD 97/ 47380
PCT/ US97/ 09938 11 wherein at | east one of conponents (a) and (b) is pendant
| i gand substituted, and wherein conmponent (a) is cross-linked with

conmponent (b) wo 947480t her aspect, the invention relates to a}éﬁ#}g
usi ng the above system as a catal yst support system conprisin I'ng t he

above systemwi th a second catal yst 5 particle. In still yet

anot her aspect, the invention relates to an8anchored adsorbent and/or

catal yst and bi nder system conprising: (a) a pendant |igand substituted
or unsubst i t ut askrinsitice metahoxddesplanthanide oxides, thorium oxite, as wall peowides of | Grgapd

arti ol o, and BAME T8t BRS i A EE AL Ghm 3 VA BIE S iBhaete s (a)

and (b) is penGedip VAgas <$b$Bbsm dnotiRe embdilirheérit the PAFRES Cothprises ani diide of

cross-linked w Lgmﬁ&”ﬁt%%&t, copper’ vginna?huvn\'i1 gﬁlsclmn nltarrl]gean&r;%t l?(l)n zinc, zirconium, tungsten,
rhenium, arsenic, magnesium, thorium, silver, cadmium, tin, lead, antimony, ruthenium,

5 osmium, cobalt or nickel or zeolite. Typically, any o:ddatioﬁ state of the oxide complexes
may be useful for the present invention. The oxide can be:a mixture of at least two metal
oxide particles having the same metal with varying stoichiometry and oxidation states. In
one embodiment, the particle comprises ALO,, TiO,, CuO, Cu,0, V,0;, Si0,, MnO,,
Mn,0;, Mn,O,, Zn0, WO,, WO,, Rezo;,, As)0,, As,0,, MgO, ThO,, Ag,0, AgO, CdO,

10 SnO,, PbO, FeO, Fe,0,, Fe;0,, Ru,0,, Ru0, 0s0,, $b,0,, CoO, Co,0,, NiO or zeolite. In
a further embodiment, the particle further comprises a second type of adsorbent and/or
catalyst particles of an oxide of aluminum, titanium, copper, vanadium, silicon, manganese,
iron, zinc, zirconium, tungsten, rhenium, arsenic, magnesium, thorium, silver, cadmium, tin,
lead, antimony, ruthenium, osmium, cobalt or nickel or zeolite, activated carbon, including

15 coal and coconut carbon, peat, zinc or tin. In another embodiment, the particle further

' comprises a second type of adsorbent and/or catalyst particles of aluminum oxide, titanium
dioxide, copper oxide, vanadium pentoxide, silicon dioxide, manganese dioxide, iron oxide,
zinc oxide, zeolite, activated carbon, peat, zinc or tin particle. Typical zeolites used in the
present invention include “Y™ type, “beta “ type, mordenite, and ZsM5. In a preferred

20 embodiment, the particle comprises non-amorphous, non-ceramic, crystalline, porous,
calcined aluminum oxide that was produced by calcining the precursor to the calcined
aluminum oxide at a particle temperature of from 300 or 400°C to 700°C, preferably in the
gamma, chi-rho, or eta form. The precursor to calcined alummum oxide can include but is
not fimited to boehmite, bauxite, pseudo-boehmite, scale, Al(OH), and alumina hydrates.

25 . In the case of other metal oxide complexes, these complexes can also be calcined or

uncalcined,

In another embodiment of the invention, in the particle of this invention, typically
any adsorbent particle that is non-ceramic, porous, i_s an :ox_i“de can be used. Some of the

30 particles of this invention are in the crystalline form and are therefore non-amorphous.



15 conplex (c) is bound to conponent (a) and/or (b). In

still yet another aspect, the invention relates to a nethod for producing a
pendant |igand substituted adsorbent and/or catalyst system conprising:
(1) M Xi ng GAopAAes S, conprising: 20 PCTAI897/09938

. pendant |igand substituted or unsubstituted binder conprising a coll oidaf
- metal oxide or a colloidal netalloid oxide, (b) a pendant |igand

- substituted or unsubstituted oxi de adsorbentl%nd/ or oxi de cat al yst

- particle, and (c an acid, 25 rein_at | east

~one of conponentAdspibpntpagicles that areyery sigid of hagh 3 %HWW“G@G"Y Wﬁmﬁl)desfee

renoving a suffi ﬁﬁ‘{]{? IR WhicR haveadiGdiny hﬁ%m‘,& i ¥ referred.
cofrponents (a) bg )1 ?orcmi'% peﬁﬁlgrﬁﬂﬁgan su aés*{sls?l}t%e@%gﬁg dfgeﬁtt o

" and/ or catal yst Ea:m!lplgs nfmlph particlesiinclude, but are not limited to, metal oxides, such as transition
metal oxides and Group IIA, Group IITA, and Group IVA metal oxides (CAS Group

notation), and oxides of non-metals such as silicon and germanium. Preferred adsorbents

5 include oxides of aluminum, silicon, including zeolites, both natural and synthetic,
manganese, copper, vanadium, zirconium, iron, and titanium. Even more preferred
adsorbents include aluminum oxide (Al,O5), silicon dioxide {810,), manganese oxides
(MnO, MnO,, Mn,0;, and Mn,0,), copper oxides (CuO-and Cu,0), vanadium pentoxide
{V,05), zirconium oxide (ZrO,), iron oxides (FeO, Fe,0;, and Fe;0,), and titanium

10 dioxide (TiO,). In a preferred embodiment, the particle is ﬁﬁcrOporous, even more
preferably substantially microporous, having a median micropore size preferably of from
3.5 nm to 35 nm (35A to 350 A) diameter.

In an even more preferred embodiment, the oxide is aluminum oxide (Al,0,) that

15 has been produced by calcining at a particle temperature of from 300°C to 700°C. In other

' embodiments, the lower limit of calcining temperature is 400°C, 450° C, 500° C, 550° C,
600° C, or 650° C and the upper limit is 650° C, 600° C, 550° C, 500° C, or 450° C.
These preferred aluminum oxide particles are preferably in the gamma, chi-rho, or eta
forms. The ceramic form of AL, O;, such as the alpha form, are not included as a part of

20 this invention. In a preferred embodiment, the Al,0, particles of this invention are
substantially microporous, having a median micropore size of from 3.5 nm to 35 or 50 nm

diameter, even more preferably 60 nm, and a BET surfa;de area of from 120 to 350 m’/g.

In one embodiment, the particle is aluminum oxi'c_iz that has been pre-treated by a
25 calcination process. Calcined aluminum oxide particles a_?};'e well known in the art. They are
particles that-have been heated to a particular temperature to form a particular crystalline
structure. Processes for making calcined aluminum'oxici_l;ej particles are well known in the
art as disclosed in, e.g., Physical and Chemical Aspects of Adsorbents and Catalysts, ed.
Linsen et al., Academic Press (1970), which is incorporéjfed by reference herein. In one

30 embodiment, the Bayer process can be used to make alﬁ_r’ninum oxide precursors. Also,



WD 97/ 47380
PCT/ US97/ 09938 12 This nmethod can further conprise (iii) binding a netal
conplex onto the resulting systemof step (ii) to formthe anchored

catal yst syst@@oqlsmggti| | yet another aspect, the invention gelalssold 2
met hod for producing an adsorbent and/or catal yst and bi nder System :

conprising 5 (i) m Xi ng conponents conprising (a) a
bi nder conprising a colloidal nmetal oxide &0 colloidal nmetalloid oxide, (b)
an oxi de adsorbent and/or catalyst particle, and (c) an acid, 10

(ii) renovi ngpee-ealdinadaivapinur mode thas is, thetabymituny oxidépreerirsor (e.2., A{OEDoers- | i nk
conponents a a a or be and/ or . cat S nd .bj nder svy.gt em
angp iii) react Wifﬁﬁ{hﬁé@ aonegﬂx%%ipag{ﬁtgabgsﬁtg‘g%}m% P é‘?é '8'%"5’8 a@gy&wgﬁﬁe
particle and t s readiljeommerdiatiaviilabie eQaltined aliihintim®xidy diibe/dsed ahisidvied,
conpound to for i gand substituted

m a . . "~ pendant | i
oxi de adsor be nlac%‘mﬁ]‘lg.?mb% A8 be ysed iy a partially oringerdplly deactivated form by allowing water

to be adsorbed onto the surface of the particle. However, it is preferable to minimize the
5 deactivation to maximize the adsorbent capability. In some reférences in the prior art,
“activated” refers only to the surface water being removed from the particle to increase its
. adsorbent ability. However, as used in reference to the instant invéntion, “activated” oxide
particles refer to an oxide particle that has first been calcined and is then also preferably
but not necessarily maintained in its dried state. Thus, as used herein, all active particles of
10 the invention have also been calcined. The particles are not limited to any physical form

and can be in the particulate, powder, granular, pellet, or the like form.

In another embodiment, in addition to being acid enthanced, the adsorbent, catalyst,

and adsorbent and catalyst particles used in this invention ‘can be enhanced by other

15 processes known in the art or described below. For example the particles can be dried to

. be activated or can be treated by processes disclosed in the prior filed parent applications of
and in applicants’ copending application filed on October 21, 1996, U.S. Serial No.
08/734,329, entitled “Enhanced Adsorbent and Room Temperature Catalyst Particle and
Method of Making and Using Therefor,” which is a continuation-in-part of

20 PCT/US96/05303, filed April 17, 1996, pending, which is a continuation-in-part of U.S.
application serial No. 08/426,981, filed April 21, 1995, pending. These applications are

herein incorporated by this reference in their entireties for all of their teachings.

The acid that can be used in this invention can be any acid or mixture of acids that
25 can catalyze the formation of hydroxyl groups onto the suiface of the pores of the oxide
particle. Examples of such acids include, but are notiﬁriﬁfed to, nitric acid, sulfuric acid,
hydrochloric acid, boric acid, acetic acid, formic acid, pljc}_s_phoric acid, and mixtures
thereof. In one embodiment, the acid is an aliphatic or aromatlc carboxylic acid. In
another embodiment, the acid is acetic acid. Examples of_h,_liphatic and aromatic carboxylic

30 acids include but are not limited to acetic acid, benzoic acid, butyric acid, citric acid, fatty



system In another aspect, the invention relates to the above nethod
~further conprising after step (iii) binding a netal conplex onto the
“resulting systemof step (iii) to forman 20 anchored cat al yst

 system In anowfigsu@sgect, the invention relates to an anchor g’r,@%mnt
and/ or catal yst and bi nder system conprising: (a) a binder, and 25

: (b) an oxi de adsorbent and/or oxide catalyst particle, and (c) a netal
* conpl ex, wherein conponent (a) is cross-link®d with conponent (b), and

wherein the nmetal _conplex (c). is bound directly to caonmponent (a) and/or,
(b) . VO 97/ 47sisls, lactic acid, maleic acid, malonic acid, oxalic acid, salicylic acid, stearic acid, succinic

PCT/ US97/ 09938 Il fribit hdid WRbpiSHROAIE ValBPRAY, nekaliic ol Hplafilc 66 Hapiytt Seid

met hod for produci ng
pelargomc acld capric acid, undecanoic acid, lauric acid, trideconoic acid, myristic acid,

pentadecanoic acid, palmitic acid, heptadecanoic acid, nonadecanonc acid, arachidic acid,
heneicosanoic acid, behenic acid, triosanoic acid, lignoce_ﬁc acid, pentacosanoic acid,

5 cerotic acid, heptasanoic acid, montanic acid, nonacosanoic acid, melissic acid , phthalic
acid, glutaric acid, adipic acid, azelaic acid, sebacié acid, cinnamic acid, acrylic acid,
crotonic acid, linoleic acid or a mixture thereof. In a preferred embodiment, the acid is
acetic acid because it is relatively safer to handle than most other acids and because of its
cost effectiveness.

10

Typically the acid is diluted with water to prevent dissolution of the particle and for

cost effectiveness. In general, only a dilute solution of the acid is required to achieve
maximum or saturated loading of the ion moieties on the particle. For example, a 0.5 wt.
% (0.09 N; pH of about 2.9) and even a 0.1 wt. % (0.02 N; pH of about 3.25) acetic acid

15 solution has been found effective. However, a wide range of concentrations of acid can be

' used in this invention from very dilute to very concentrated depending on the hazards
involved and the economics of production. However, if the acid is too concentrated, it will
etch the particle causing an increase in macropores while eliminating micropores, which is
detrimental to the particles of this invention. Thus, the acid treatment is preferably of a

20 concentration (i.e. acid strength as measured by, e.g., normality or pH), acid type,
temperature and length of time to be more than a mere surface wash but less than an
etching. In particular embodiments, the etching of the particle is minimized or is only
nominal by selection of the acid treatment conditions, such as acid strength, acid type, and
temperature and time of treatment, such that the reducii‘bn in overall surface area, as

25 preferably measured by the BET method, is less than 20%, less than 15%, less than 10%,
less than 5%, .less than 2%, less than 1%, or less than O._S%. Strong acids, such as for
example hydrochloric, nitric or sulfuric, should preferably be used at a concentration or
strength lower than a weak acid, such as for example acetic acid, because the strong acid
tends to chemically react with and etch the particle to a hluch greater degree than a weak

30 acid of comparable concentration.



anchored adsorbent and/or catalyst system conprising: (i) m xi ng
conponents, conprising: (a) a binder conprising a colloidal netal oxide
or a colloidal netalloid oxide, 5 (b) an oxi de

adsor bent andggu7exide catalyst particle, and (c) an aci dpelidsd7oeb@MOVI N
a sufficient amount of water fromthe mxture to cross-link conponents-(a)

and (b) to forman adsorbent and/or catalyst and binder system and 10
(iii) binding a netal conplex directly on2d the resulting systemof step
(ii) to formthe anchored catal yst system In another aspect, the invention

relates to a met hodnd@pagiculepembadimens, the acidis ofamupper sirengthequivalentde PRy
e et noc" . N . .
particle conpr {n%}ﬂﬂxgﬂﬁﬁ%dﬁgﬂ%ﬂ n%%%&tn‘& al 1d.0ﬁ {)@?teér#%ﬂmeh b “?#Fé Qfggnrgélgo% f

adsorbed a contamn enperature su to clbse
t he particl e t thetabidissdagpivalentapafl. 25, 0. hN,.000 DNy BIATAN, OWISINY IO W0.QEN] 0.00EN | n

anot her aspect .nvention.rel.ates, to,a gethod far ener.atj he
adsor bent part f”cé'g&‘ltﬂéﬂ"??% acehe B‘?“gﬁﬁm&?ﬂc (ﬁ‘? E\‘ﬁ?’ ! eﬁﬁ?".g%‘ of the'scid should b3 thal
which provides more than a surface washing but imparts enhanced adsorbent effects to the
5 particle. In particular embodiments, the lower strength of the acid is equivalent to a 0.25
N,0.1N,0.09N, 0.075N, 0.05N, 0.02 N, 0.01N, 0.005 N, 0.001 N, 0.0005N, or

0.0001 N aqueous acetic acid solution.

After acid treatment, the resultant particle of the invention substantially retains the
10 micropores originally present and the acid does not etch the particle to any appreciable
degree and does not create any appreciable amount of new macropores (median pore
diameter greater than about 35 nm). In a preferred embodiment, when the particle is
aluminum oxide, the acid treated aluminum oxide maintains its microporous nature, having
a median pore size of 3.5 nm to 35 nm diameter and a BET surface area of from 120 to 350
15 mzlg.

Additionally, the acid preferably has some water present to provide OH and/or H'
ions, which bond with the particle. When the acid is diluted with water, the water is

preferably distilled water to minimize the amount of impurities contacting the particle.

20
The particle of the invention is made by the following process. The particle is
contacted with an acid. The particle carn be contacted with the acid by various means
including by the particle.being dipped in, extensively washing with, or submerged in the .
acid. The length of time the particle must be contacted with the acid varies according to
25 the ability of the particular particle to generate hydroxyl groups on the surface and pores of

the particle. .The time'can be as low as 30 seconds, a few (three) minutes, at least 15
minutes, at least one hour, at least 6 hours, at least 12 hours, or at least one day, to achieve
adequate adsorption results and/or to preferably assure saturation. The time must be
sufficient to at least increase the adsorbent properties of the particle by adding increasing

30 the number of hydroxyl groups on the particle. In one embodiment, the particle is



20 Additional advantages of the invention will be set forth in part in the
description which follows, and in part will be obvious fromthe
description, or nmay be | earned by practice of the invention. The advant ages

of the inventigpg¥stsge b€ realized and attained by neans of thrraisowesss and
combi nations particularly pointed out in the appended claims. It 25 )

is to be understood that both the foregoing_general description and the

fol l owm ng detailed description are exenplary” and explanatory only and are

not restrictive of the ipvention, as_clained 97/ 47 .

PCT/ US97/ 09938 SBkmBISP i fmﬁlﬂpdﬂww #@‘%ﬂﬁﬁ@lgﬂ"ém ‘i%ﬁ'ga“?'BP%’bﬂ“he

show ng th e e YfiCrhing Bon‘e@wﬁﬂ afe%rdrsaiuheﬁl ’mie donfgtingOhsuld Bk Bibs@nt ehbuphdo of t he

i nventi on. . I's a graph showi ng surface area vs curin

te rrper ature of provide pqleumqn qfahe acid oughout the pores of the particle thereby increasing the
number of hydrexyl groups on the pore surface of the particle. Mere washing the outside
surface of the particle to remove impurities is not sufﬁcle_nt to provide adequate penetration

5 of the acid into and throughout the pores of the particle.

Typically, the acid contacting is preformed at room temperature. The higher the
acid temperature and concentration, the more likely the acid will detrimentally etch the
particle. '

10 . .

The acid contacted particle is then optionally rinsed, preferably with water. Rinsing
of the acid contacted particle does not reduce the enhanced adsorptive capability of the
particle. When rinsed, the particle is preferably rinsed with distilled water to minimize
impurity contact. Rinsing of the particle serves two purposes. First, any residual acid that

15 is remaining on the surface or pores of the particle is removed, which will make the particle
' easier to handle when it is in the dry form. Second, rinsing the particle will remove the

coubter-ion of the acid that may be on the surface or pores of the particle.

Optionally, the particle is dried by a low to moderate heat treatment to remove

20 excess liquid, such as acid or water, from the rinsing step to thereby increase the activity of
adsorption. Typically, the drying is from about 50° C to.about 200°C. Drying of the
particle also reduces the transfer cost of particle. However, the particle is preferably not
calcined or recalcined after acid treatment and prior to cﬁntacting with a contaminant.
Such recalcining would detrimentally change the surface characteristics by closing up the

25 micropores. However, the particle can be heated to calcining temperatures or above after
the particle has been: contacted with'a contaminent for eﬁbapsulating the contaminent as
described below. Additionally, the particles of the invention are preferably not sintered,
either before or after the acid treatment step, as this would detrimentally affect the
micropores by closing up the micropores and would detrimentally decrease the pore

30 volume and surface area. Any other process, such as a l_igat treatment, that would increase



conposites. Fig. 3 is a graph show ng the oxidation of CO over tine using
Cudwngerr]/Al[err]Jerr]-colloidal alumna binder. 10 Fig. 4 is a graph
showi ng the reduction of NOx over tine using

CuOd Gaferr] Ogwblobinee errlderr]-colloidal alumna binder. poMsIs83380
PCT/ US97/ 09938 15 DETAI LED DESCRI PTI ON The present invention nmay be .

understood nore readily by reference to the follow ng detail ed description
of preferred enmbodi nents of the invention aad the Exanpl es included
therein. 5 Before the present conpositions of matter and nethods are
di scl osed and thesize pheluinate micropores, enlarge the size of, create or destroy macropores, or

would decrease the surface area available for adsorption or catalysis should preferably be
avoided, particularly, after the particle is acid treated.

The size of the particles used in this invention can vary greatly depending on the
5 end use. Typically, for adsorption or catalytic applications, a small particle size such as 20
um is preferable because they provide a larger surface area per unit volume than large
particles. Typically for adsorption or catalytic applications, the particle size range is from
50 pm to 5000 pm.

10 The particle of this invention can be used in any adsorption or ion capture
application known to those of ordinary skill in the art. In one embodiment, the particle is
used for environmental remediation applications. In this embodiment, the particle can be
used to remove contaminants, such as, but not limited to, heavy metals, organics, including
hydrocarbons, chlorinated organics, including chlorinated hydrocarbons, inorganics, or

15 mixtures thereof. Specific examples of contaminants include, but are not limited to,

‘ acetone, microbials such as cryptosporidium, ammonia, benzene, chlorine, dioxane, ethanol, -
ethylene, formaldehyde, hydrogen cyanide, hydrogen sulfide, methanol, methyl ethyl
ketone, methylene chloride, propylene, styrene, sulfur dioxide, toluene, vinyl chloride,
arsenic, lead, iron, phosphates, selenium, cadmium, uranium, such as U,0,, radon, 1,2-

20 dibromo-3-chloropropane (DBCP), chromium, tobacco smoke, cooking fumes, zinc,
trichloroethylene, and PCBs. The particle can remediate an anion, an oxoanion, a cation,
or a poly-oxoanion. The particle of this invention can remediate individual contaminants or
multiple contaminants from a single source. In essence, anywhere adsorbents are used to
capture pollutants, this invention achieves improved efficiency by adsorbing a higher

25 amount of contaminants and by reducing the contamination level to a much lower value
than by non-enhanced particles.

For environmental remediation applications, particles of the invention are typically
placed in a container, such as a filtration unit. The contaminated stream enters the

30 container at one end, contacts the particles within the container, and the purified stream



it is to be understood that this invention is not limted to specific
synthetic nethods or to particular fornulations, as such may, of course,
vary. It is also to be understood that the term nol ogy used herein is for
the purpose ofywdgsgtki N particul ar enbodi nents only and i s pt@nusyriesss

not intended to be limting. In this specification and in the clains which
follow, reference will be made to a nunmber of terms which shall be defined
to have the follow ng neanings: 15 25 The singular fornms "a,"
"an" and "the" include plural referents unless the context clearly dictates
ot herwi se. " Optexitnthrbughithe otheri epd of the ‘containers Tha particles.contast the gentamipapis 3athing o 4

event or circungtance or . nay, _not cur, _an SQSS ' '
i ncl udes i nst aﬁ@g&m@)ﬂggé@?émmwe%ecm_ e'\‘fgﬁ{\ag}rn t%?rcum’s?f @é“)gglgurs
and instances Vﬁh?ﬁ@esiﬁecdﬁkes&tui&éd with Cortatifantpover b perdod aftimes ol the paticles musised

I nt erchangeabl y throughout to nean a particle in the,singular sense or a
conbi nati on of Mmpu%mmeepwnmﬂéfﬁweém}hﬁeﬂw h e PoRtamigagt 5t

particle, such &3 veQ ga0edaRFr Biphi@ Srékin, Rikihids h Bfuecdsdstrha. tTRE Parligieddanibe useds

to parts per mllion-and the term"ppb" refers to parts per hillion.
to remediate, for example, waste water, production facility effluent, smoke stack gas, auto
exhaust, drinking water, and the like.

The particle of the invention can be used alone, in combination with other particles-

prepared by the process of the invention, and/or in combination with other adsorbent,

10 catalytic, or contaminant remediation particles known in the art. . The particles can be
combined in a physical mixture or agglomerated using techniques known in the art, such as

with a binder, to form a multifunctional composite particle.

The particle/binder system of the invention can be used preferably as the adsorbent
15 or catalytic medium itself. In an alternate embodiment, the system is used as an adsorbent

or catalytic support.

In one embodiment, the acid enhanced particle is used in combination with a
particle that has been pretreated to improve its adsorbent and/or to improve or impart
20 catalyst properties, such as an ion or electron enhancement, in accordance with applicants’
copending application filed on October 21, 1996, U.S. Serial No. 08/734,329, entitled
“Enhanced Adsorbent and Room Temperature Catalyst Particle and Method of Making and
Using Therefor,” which is a continuation-in-part of PCT/US96/05303, filed April 17, 1996,
pending, which is a continuation-in-part of U.S. pafent application Serial No. 08/426,981,
25 filed April 21, 1995, pending, all applications of which are herein incorporated by this

reference for all of its teachings.

In another embodiment, the acid enhanced particle of the invention is used in
combination with a noble metal known in the art for adsorbent or particularly catalytic

36 properties. Such noble metals include gold, silver,. platinum, paltadium, iridium, rhenium,
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PCT/ US97/ 09938 16 The term "and/or" in "adsorbent and/or catalyst"” refers
to a particle that either acts as a catal yst, an adsorbent, or can act as

bot h an adsor catal yst under different circunstance f or
et ersitrife

exanpl e, the conposition and the type of contam nant. |I. D-
OXI DE ADSORBENT AND/ OR CATALYST PARTICLE 5 In accordance with the

pur pose(s) of this invention, as enbodi ed @8d broadly described herein,
this invention, in one aspect, relates to a process for producing an

enhanced adsor dediung &obalts bepper) mthéniing @nd osrhiam] prefyrablyrgold, sibwer platimsn, and
non-ceramc, crystallipe, porous, calcine al unmi num oxi de particle that
was produced b¥ @Qﬂ“& r‘ﬁl‘ﬁb a_&?"@mﬂ?n can et.pse.g to ﬁk? g"a‘t@g"t félﬁg"e?‘ﬁ?{!i’r"ét BPPYS m
300 C to 700 Coftheiatid @fihadcédbaftitle shd 3he datalytie Propettivs of the nbblé fdfe t he
adsorbent properties ofthe particle. This process can al so consi st

essentially of or consist of the particular process steps as descri bed
above or further ingl4flicifokiffent, the invention is directed to a composition comprising an

5 aluminum oxide particle made by the acid enhancing process of the invention. In a further
~embodiment, this composition further comprises a co-particle. ‘This co-patticleis’ -
preferably any adsorbent or catalyst particle known in the art. Such co-particles can be
preferably non-ceramic, porous, oxide adsorbent particles or activated carbon, more
preferably silicon dioxide, or a metal oxide, such as manganese oxides (MnO, MnO,,

10 -MnyOy3, and Mny0,), copper oxides-(CuO and Cu,0), vanadium pentoxide (V,05),
zirconium oxide (Zr0,), iron oxides (FeO, Fe,0,, and Fe;0,), titanium dioxide (TiO,) and
zeolites, both natural and synthetic and activated carbon. The co-particle can be acid-
enhanced or non-acid enhanced. In a preferred embodiment, the co-particle is not initially
acid-enhanced although it may be contacted with acid during the binding step.

15

' In a preferred embodiment, the composition comprises aluminum oxide made by the
acid enhanced process of the invention, copper oxide, and manganese oxide. Preferably,
these components are-in a proportion of from 50-98 parts by weight, more preferably 80-95
parts by weight, even more preferably 88 parts by weight acid enhanced aluminum oxide;

20 and 1-49 parts by weight, more preferably 4-19 parts by weight, even more preferably 6
parts by weight of each of copper oxide and manganese oxide. Preferably, the copper
oxide is CuO and the manganese oxide is MnO,. Preferably, the composition is held
together using a colloidal-alumina binder that has been crosslinked as described below. Ina
preferred embodiment, this composition can be used to remediate organics, including but

25 not limited to hydrocarbons and chlorinated organics, even more preferably,
trichloroethylene (TCE).

Not wishing to be bound by theory, it is believed that at least some and possibly all
of the ability of the acid-enhanced aluminum oxide/co-particle embodiment of the invention

30 described above to remediate organic contaminants is due to a catalytic degradation of the



additional features described bel ow. 15 The invention
further provides a process for produci ng an enhanced adsorbent particle
conprising contacting a non-ceramnm c, porous, oxide adsorbent particle with

an acid for a digigent tine to increase the adsorbent propepdiBSorabess Ne

particle. This process can al so consist essentially of or consist of the
particul ar process steps as descri bed above or further including the
. addi tional features described bel ow. In one #hbodinent, this particle 20

~is calcined. In yet another aspect, the invention provides for particles
made by the procEganicgontagunant, syenat room tempergture. obhis catalytic activity is evident heqauge

another aspect hbfiviae Bl pRRUELPIEARRC £ Shs SralAEF i s ot SHUGINb Y organic

. elimnating the anmount o ontam nant's 1n a str sing contacti
: the particle of cohtaminantsand nmorganit cottaminanteweneffoundahesrefifinat selution aftee TCHP

reduce or el i m nale.l fe, EONLANT L BRalded Bob DRl 53 Ric-con P4} 67350

. PCT/ US97/ 09938 :

) combination with one or more oxides of manganese, copper, and/or iron is particularly

5 suited to catalytically degrade organics, such as hydrocérbons, chlorinated hydrocarbons
and chlorinated organics, such as trichloroethylene. Even more preferably, the catalytic
composition comprises 50-98 parts by weight, more preferably 80-95 parts by weight, even
more preferably 88 parts by weight acid enhanced aluminum oxide; and 1-49 parts by
weight, more preferably 4-19 parts by weight, even mofe preferably 6 parts by weight of

10 each of copper oxide and manganese oxide.

Binders for binding the individual particles to form an agglomerated particle are
known in the art or are described herein. In a preferred embodiment, the binder can also
act as an adsorbent and/or a catalyst. |

15

. A preferred binder that can be used with the particles of this invention is a colloidal
metal oxide or colloidal metalloid oxide binder as disclosed in applicants’ copending U.S.
application filed on October 21, 1996, U.S. Serial No. 08/734,330, entitled “Adsorbent
and/or Catalyst and Binder System and Method of Making and Using Therefor,” which is

20 Da continuation—in-part of PCT/US96/05303, filed Apﬁl 17, 1996, pending, which is a
continuation-in-part of U.S. application serial No. 08/426,981, filed April 21, 1995,
pending; (2) a continuation-in-part of U.S. application serial No. 08/426,981, filed April 21,
1995, pending; (3) a continuation-in-part of U.S. application serial No. 08/662,331, filed
June 12, 1996, pending, which is a continuation-in-part of PCT/US95/15829, filed June 12,

25 1995, pending, which is a continuation-in-part of U.S. application serial No. 08/351,600,
filed December 7, 1994, abandoned; and (4) a continuation-in-part of PCT/US95/15829,
filed June 12, 1995, pending, which is a continuation-in-part of U.S. application serial No.
08/351,600, filed December 7, 1994, abandoned. All of the above applications are hereby
incorporated by this reference in their entireties for all of their teachings. This colloidal



17 In still yet another aspect, the invention provides a conposition
conprising the particles of the invention. The particles of this invention
have i nproved or enhanced adsorptive features. The particles of this c

i nvention ca a |larger anount of adsorbate per unit %r

wei ght of adgvgragz,ﬂsb%articl es than a non-enhanced particl e.\b é%?w@%sg -
particles of this invention can reduce the concentration of contam nants or
adsorbate material in a streamto a | ower #8solute value than is possible
wi th a non-enhanced particle. In particular enbodi nents, the particles of
thi s i nvent i onmetshoxidelonelipidel masalloaihoxide tindeo arekbitdensyistem is aiscadbnlssbui&earﬁ?] tdeaail
bel ow det ect ab | evgl believed 1o be never before achievable with prior
art 10 Lgo‘ﬁé?ﬁe??lg@n@?ﬁtmc[i}d adsorptive features is intended to
particularly include ion capture and i on exchange nmechani sns. |on capture
refers to the abili of the particle to irreversibly bind to other atons

t
by coval ent or i oni éx‘i’iﬁ?’@p&él“ﬁ 6olipidal metalpxide o welinidal metallpid oxida bindex aande
typical |y pr edginaiics vikeited (ional mpﬁg BariDle Pl ivenfiiandlor afl Al Rt | Y

the inmproved ion capture property that oves e- adsor bent pertornance
of tHe particl égcidmggmpd)ipgrﬁdesofalﬁgﬁvenﬁon describedtabove insédtiok ho¥lis bindérven be t

hi's T nvent i on ieRcmaat bFUE kS BuABaRIoBL b nlFid) PRSI RE SBiPhar o

mat eri al . whether acid enhanced or not. Additionally, the particles and systems described below

under section II and section IlI can be untreated or acid treated (acid enhanced) as
described above in section 1.

10

A preferred binder for the agglomerated particle is colloidal alumina or colloidal

silica. The colloidal alumina goes through a transformation stage and cross-links with itself
from 25°C to 400°C, preferably 250°C and/or can cross-link with the particle. Colloidal
silica cross-links with itself if'it is sufficiently dried to remove water typically at |

15 temperatures of from 25°C to 400°C. Preferably, from about 10 99.9 by weight, 20% to

' 99% or 10 to 35% by weight of the total mixture is colloidal alumina or colloidal silica to
provide the nécessary crosslinking during heating to bind the agglomerated particle into a
water-resistant particle. The particle can then withstand exposure to all types of water for

an extended time and not disintegrate.

20
The binder can be mixed with the particle before or after the acid treatment of this
invention. In one embodiment, the agglomerated particle is made by mixing colloidal
alumina with the adsorbent particles. Typically, from about_; 1 to about 99.9% by weight,
10 to 35% by weight, or from 20 to 99% by weight of the mixture is colloidal alumina. In
25 one embodiment, the particle mixture is then mixed with af;_-acid solution such as, for

example, nitric, sulfuric, hydrochloric, boric, acetic, fomxig;.._phosphoric, and mixtures
thereof. In one embodiment the acid is 5% nitric acid solufion. In another embodiment,
the acid is an aliphatic or aromatic carboxylic acid. In a preferred embodiment, the acid is
acetic acid. The colloidal alumina and adsorbent and/or catalytic particles are thoroughly

30 mixed so as to create a homogenous blend of all elements. The additional acid solution is



These chem cal bonds are ionic and/or coval ent bonds. Not w shing to be
bound by theory, it is believed that the acid contacting of the 20

i particle enhances the adsorptive capacity of the particle by increasing the
" nunber of hydr ey @sgeups on the particle. Wth cationi c and petoss7R9e9s

i contam nants, the hydroxyl groups provide sites for chem cal bonding or

- repl acenment, such that the contami nants bond irreversibly with the
“particle. In general, the increased amount o9 hydroxyl groups generate nore
active sites for the contamnant to bond with. 25 The invention

contenpl at es t headdedands f‘”é‘W “B*'PE)F performed yatilithe mixmse reaphes a suitablecopsistency fr of

conposite parti I
- enbodi - nment, t(l"ld ngreﬁnc e F’ég}s{ﬁgﬁ lsg?l g&%g{ré a?@f’mk gQFt fles Efe%ated or
- preferably a nordeb)a:lrunﬂtqcmmthasolbldaﬂduzpmamosﬂmkmﬂmoqomtlcI e |n one
. enbodi nent conprises a netal or netalloid oxide 30 particle.

Exanpl es of such particles include, but are not limted to, oxide
- conpl exes, such WPhE pardiéR%P this invention bonds with the contaminant so that the particle and

; PCT/ US97/ 09938 ) . N .
: 5 contaminant are tightly bound. This bonding makes it difficult to remove the contaminant
from the particle, allowing the waste to be disposed of into any public landfill.
Measurements of contaminants adsorbed on the particles of this invention using an EPA
Toxicity Characteristic Leachability Procedure (TCLP).test known to those of skill in the
art showed that there was a very strong interaction between the particles of this invention

10 and the contaminants such that the contaminant is held very tightly.

15 In accordance with the purpose(s) of this invention, as embodied and broadly
. described herein, this invention, in one aspect, relates to a method for producing an
adsorbent and/or catalyst and binder system comprising
i) mixing components comprising
a) a binder comprising a colloidal metal oxide or colloidal metalioid
20 oxide, |
b) an oxide adsorbent and/or catalyst particle, and
c) an acid,
ii)  removing a sufficient amount of water from the mixture to cross-link
components a and b to form an adsorbent and/or catalyst and binder system.
25 |
In another aspect, the invention provides for an adsorbent and/or catalyst system

made by the processes of the invention.



18 as transition nmetal oxides, |anthanide oxides, thorium oxide, as well as
oxides of Goup IlA (M, Ca, Sr, Ba), Goup II1A (B, Al, G, In, Tl), Goup
IVA (Si,Ge, Sn, Pb), and Group VA (As, Sh, Bi). In another enbodinent, the

particle compbspsman oxide of alum num titanium copper, yapadiiidhss
silicon, manganese, iron, zinc, zirconium tungsten, rhenium arsenic, °

magnesi um thorium silver, cadmum tin, |ead, antinony, ruthenium 5

osm um cobalt or nickel or zeolite. Typic3ly, any oxidation state of the
oxi de conpl exes may be useful for the present invention. The oxide can be a
m xture of at | eastInop®aspeetathe invemionpsovidesan gdserhentand(orsatalystaand-binder system

T N e o R
Mg err], M| eand]dtcatalybtpaitideerr] Jerr], ZnO WJerr], WJerr],

Re[err](err], As[err]derr], As[err]Jerr], MO ThQerr], Ag[err]O AgO
Cdo, 10 SnJerr], PbO FeO Fe[err]Jerr], Fe[err]Jerr],

Ruferr]Jerr], RuO mnGednothet aspsdd) thé in&diidh provide® Pmethol 761 deftcfip' dr eliMintlinY

zeolite. In a further enbodinent, the particle further conpri'ses a second
t ype of adsor biBpemaursobp centaramgn fromes liquid ersgas stream eompsising tontacting them

titanium copp. ' I d S&nt '! 5-?9 . 71 L coni
t ungst en, rhenﬁﬁ?ﬁb&g%g@hf%ﬂ giﬁlg%l sﬁm%?i&um SI vtelrn,zthé(:%té’él ufﬁﬁaf"ldijnc?%nf ead,
anti nony, rut htimeé tomedursor eliminate kiwel amonnt oficoktaminant frempthetstreanact | vat ed car bon,

I ncl udi ng 15 coal and coconut carbon, peat, zinc or tin. In
anot her enbodi nent, the particle further

In yet another aspect, the invention provides a method for catalyzing the degra-
10 dation of an drganic compound comprising contacting the organic compound with the
adsorbent and/or catalyst system for a sufficient time to catalyze the degradation of an
organic compound.

In yet another aspect, the invention provideé a method for reducing or eliminating
_IS the amount of a contaminant from a gas stream by catalysis comprising contacting the
adsorbent and/or catalyst binder system with a gas stream containing a contaminant
comprising an oxide of nitrogen, an oxide of sulfur, carbon monoxide, hydrogen sulfide, or

mixtures thereof for a sufficient time to reduce or eliminate the contaminant amount. -

20 In yet another aspect, the invention provides a method for producing an adsorbent
and/or catalyst and binder system comprising
i) mixing components comprising

a) a binder comprising a colloidal metal oxide or colloidal metalloid

oxide,
25 b) a first adsorbent and/or catalyst particle that does not cross-link with
the binder, and
c) an acid,

i) removing a sufficient amount of water from the mixture to cross-link

component a to itself, thereby entrapping and holding component b within



conprises a second type of adsorbent and/or catalyst particles of alum num
oxi de, titanium di oxi de, copper oxide, vanadi um pentoxide, silicon dioxide,
manganese di oxi de, iron oxide, zinc oxide, zeolite, activated carbon, peat,
zinc or tin paybloGlse Typi cal zeolites used in the present i pcansonessss
include "Y' type, "beta " type, nordenite, and ZsMb. In a preferred 20 ~
enbodi nent, the particle conprises non-anorphous, non-ceramc, crystalline,
porous, calcined al umi num oxi de that was prdduced by cal cining the
precursor to the calcined alum numoxide at a particle tenperature of from
300 or 400[err]C to 700[ ethecross-Hinked bindpt, yo formap adsgrhentan P@tﬁ'ﬂﬁf,mngé?fa
form The precursor to ca };;e&ed al um num oxi de can include but is not
linmted to boehnite, bauxi‘te, pseudo-boehnite, scale, Al (OH[err] and

al um na hydrates. 25 In the case of other netal oxide conpl exes,

t hese conpl exes can al so pe cal cine r. uncal ci ned. | I ment
of the invention, in the FH¥PHET &P tfwgenﬁ ’eeﬁ?fﬁsg%?%‘ﬁ@é’mé’bz%@

adsor bent parti Glgrbdh®hnd/sr ARG Par&bleSto ROMRE Sn agglomérated patticle aompising(e)ia
Sone of the 30 . particles of this invention are in the crystalline
form ahd are theolsidsl metnd axidesr ¢alloidal metalloid oxide and (b) an acid.

In anofher aspect the invention relates to a kit for binding adsorbent and/or catalytic
particles to produce an agglomerated particle comprising (a) a colloidal metal oxide or
colloidal metalloid oxide and (b) an acid.

10

In yet another aspect, the invention provides a method for binding adsorbent and/or
catalytic particles, comprising the steps of:

(a) mixing colloidal alumina or colloidal silica with the particles and an acid;

(b)  agitating the mixture to homogeneity, and

.15 (c) heating the mixture for a sufficient time to cause cross-linking of the

aluminum oxide in the mixture.

When the system acts as an adsorbent, the adsorbent and binder system of this

invention has improved or enhanced adsorptive features. In one embodiment, the system of

20 this invention can adsorb a larger amount of adsorbate per unit volume or weight of
adsorbent particles than a prior art system. In another embodiment, the adsorbent and
binder system of this invention can reduce the concentration of contaminants or adsorbate
material in a stream to a lower absolute value than is possible with a non-bound or prior
art-bound particle. In particular embodiments, the adsorbent and binder system of this

25 invention can reduce the contaminant concentration in a stream to below detectable levels.
Adsorption is a term well known in the art and should-be distinguished from absorption.
The adsorbent particles of this invention chemically bond to and very tightly retain the

adsorbate material. These chemical bonds are ionic and/or covalent in nature.
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19 Adsorbent particles that are very rigid or hard, are not dissolved to
any ‘detrinmental degree by the acid, and which have initially high,

pre- enhanced yaggffspdel Ve properties are preferred. Exanples obrgNSihooss
particles include, but are not imted to, netal oxides, such as transition

metal oxides and Goup IIA Goup IIlA and Goup | VA netal oxides (CAS
G oup notation), and oxides of non-netals s$@ch as silicon and germani um
Preferred adsorbents 5 i ncl ude oxides of alum num silicon,

i ncl udi ng zeol i t es, Theeatalyshand binden systepyoft theinventionsamalsodwaised-fop thercatalytic

vanadi um zircqnpi J:ron, and. t.itani um .Even re preferred. adsorbents

i nclude alumn Fﬁog{g;:o ?#el&{ % ?6‘??‘,“5%‘? 1?#]%"8@’5‘?“8 i (}g'g f@?j&té}'ﬁ"} ac ﬁb‘m&véa

?xi des g Ivho,[ Mosthlgtic ﬂ:erfom{;md ot Edtalytid propeiﬁe( [sl\h{ré]?aée]n(ﬂeﬁ:"] )ré for a paficaler cdhxd:ﬂmd t.

CuO and Cuf[err] O anadi.um pent oxide.(V[err err]), zirconjum oxide

(ZrQLorr] ), v Ohe biepHes: malbbriai and pijes syaiem GperRspRsrod tytepyes sahfort

titanium 10  pelow to forf Anshliifinétiinel Rkrpbiite paRicke. AHechhalySSs c g kdgRnt . the

particle is mcroporous, even nore_ preferably substantially m croporous,

havi iy a medi atempeaiup freedip applications.abl y of from 3.5 nmto 35 nm (35A to

350 A) dianeter. In an even nore preferred enbodi nent, the oxide is

al umi num oxide (Al[err](err]) that 15 has been produced by

cal cining at a part Thd ndee cpwaprisesisreoxide pattivie thefan wa];CpteﬁeriB)ﬁ{neﬁs*-ﬂxﬂE, with the

ot her other oxide complexes. This binder can also react, preferably cross-link, with itself. The

binder forms cross-links with other oxide complexes upon drying by forming chemical

10 bonds with itself and with other oxides.. Under acidic conditions, the binder has a large
number of surface hydroxyl groups. In one embodiment, the binder, which is designated as
B-OH, cross-links with itself upon the loss of water to generate B-O-B. In addition cross-
linking with itself, the binder B-OH can also cross-link w1th an adsorbent and/or catalyst
oxide complex (M-0) or hydroxyl complex (M-OH) to produce B-O-M. The adsorbent

15 and/or catalyst complexes are referred to herein as oxide adsorbent and/or catalyst particles
or oxide adsorbent and/or oxide catalyst particles, both intending that the particle, which
can have adsorbent, catalytic, or adsorbent and catalytic pererties, has an oxide and/or
hydroxide complex. The resulting binder system consists of a three dimensional network or
matrix wherein the component particles are bound together with B-O-B and B-O-M

20 bonds. The resulting system can be used as an adsorbent and/or catalyst system. The

resultant system is sometimes referred to as an agglomerated particle.

- “Colloidal metal or metatloid oxide (i.e. colloidal n_létal oxide or colloidal metalloid
oxide) binder” as defined herein means a particle comprisi__i__xé a metal or metalloid mixed
25 hydroxide, hydroxide oxide or oxide particle, such that the weight loss from the colloidal
metal or metalloid oxide binder due to loss of water upon iénition isfrom 1 to 100%, S to
99%, 10 to 98%, or 50 to 95% of the theoretical water wé_izght loss on going from the pure
metal or metalloid hydroxide to the corresponding pure metal or metalloid oxide. The loss
of water on going from the pure metal or metalloid hydro‘xi;gle to the corresponding pure

30 metal or metalloid oxide (e.g. the conversion of n M(OH)Q, ;to M,0,, and y H,0O or more



enbodi nents, the lower limt of calcining tenperature is 400[err]C
450[err] C, 500[err] C, 550 C, 600 C, or 650 C and the upper Iimt is
650[err] C, 600 C, 550 C, 500 C, or 450 C. These preferred al um num oxi de

particles are oyl y in the gamma, chi-rho, or eta forns.pchHngsofeseser C
formof A1203, such as the al pha form are not included as a part of 20 -

- this invention. In a preferred enbodinent, the Al[err]Jerr] particles of

" this invention are substantially nicroporous33 having a medi an nicropore

size of from3.5 nmtg 35 or 50 nmdi aneter, even nore grgferably 60 nm
(/]

and a BET surf acwedficly Gpm2 AKOHA o ALO3 s }H Q) ip defined ps efithe wates eight he
particle is alurgau "f‘h@%:tﬁtewéi@ﬂg?sg ?&erpﬁ?l'asﬂ(ﬁvafté Daded dn e iﬂiﬁgﬁNTi%ht of water I(nr?t

. cal cination process. cl ne um num oxl de pell-rt Icles are we known
.~ the art. They arthe prdaltinitial binderhveeight)a VEhetede a contimtnardl of metal prametalioid bydroxides,

- tenperature to forma partgicular,crystalljne strycture. P ses for
nmeki ng cal ci ned tﬁ’fi{ﬂ’ﬂaqﬁ?mdtﬁu °’ﬁ§;ﬁ‘t’¥%§y@§da‘?"8"%‘f'¥ PM{% s‘f“ﬁ%ﬁé"ﬁﬁr reggoval of
di scl osed in, e.ater iy HieGndtal N phefallsit hgdroNaaqirbdiced thddsiads Lyafbxide oxides

Catal ysts, ed. Linsen et al.. Acadenic¢ Press (1970), which is jncorporated
by reférence herwht .“n%fwﬁwmsoﬂeﬂm of walsh gy the sprrespppdingometal ormetallod 5

be used to make @idédl ThSuER NS oRiMEM RO IoSs orembval of water produces M-O-M bonds,
where M is a metal or metalloid. The paiticles of this continuum, except for the pure metal
or metalloid oxides, are suitable to serve as colloidal metal or colloidal oxide binders in this
invention.
10
In another embodiment, the binder system involves the use of a binder in
combination with a particle with few or no surface hydroxyl groups, such that the particle
does not cross-link or only nominally cross-links with the binder. Examples of particles
that posses only nominal amounts or that.do not posses surface hydroxy! groups include
15 . particles of metals, such as, but not limited to tin or zinc, or carbon. In another
. embodiment, component b does not contain an oxide particle. Metal alloys such as bronze
can also be used. In a preferred embodiment, the particle is activated carbon. In this
embodiment, the binder cross-links with itself in a manner described above to form a three
dimensional network or matrix that physically entraps or holds component b without ‘cross-
20 . linking or cross-linking only to a very small degree with component b. The resulting binder

system can be used as an adsorbent and/or catalyst system.

In another embodiment, the invention is directed to a method for producing an
adsorbent and/or catalyst and binder system comprising
25 i) mixing components comprising
a) a binder comprising a colloidal metal oxide or colloidal metalloid
oxide,
b) a first adsorbent and/or catalyst particle that does not cross-link with
the binder, and |

30 c) an acid,
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PCT/ US97/ 09938 20 pre-cal cined al um num oxi de, that is, the alum num oxide
precursor (e.g., Al(OH)[err] or alum numtrihydrate, boehmte,

pseudo- boehmig,go7pAsi te), and cal cined al um num oxi de are RRH] 38
commercially available. Calcined al um num oxi de can be used in this dri-ed,
activated formor can be used in a partially or near fully deactivated form
by allowing water to be adsorbed onto the s¥face of the particle. However,
it is preferable to mnimze the 5 deactivation to maxi m ze the
adsor bent capabilityi) | nremoevingashfficientasounhof waterfromtheamikture tactoss-finled”
refers only to the surfage water bei reqoved from article to ...

i ncrease its adsorbent aB?'FPW‘.“ﬂS\RféQgF,‘e J m@gwﬁ@ﬁ@ﬁgaggpqxgn&%gxtﬂn
instant invention, "acti driceeks-linkédtbindetéd forinem adsirbent inl/crRaabyichnd binded Cl e
that has first been calcined and is then also preferably but not
necessarily maintained i 9% dried state. Thus, as used herein, all active

particles of 1Gurther _t:om?risiné DRchi¥VRASHAR aﬁ@&ﬁcaﬁlﬁ@pﬂﬂﬁ@ﬂﬁ?&r&sﬂtﬁﬁ% with fhe

particles are not limted to _any physical form’and can be in )
parti&ul ate, pdinder, thegebyenosalinking the dinderand theseronidepartisiorand thereby entrapping and

enbodi ment, in i o] ' id e heya .bent . cat.al.yst
and adsor bent e{l g’gﬂgatbgﬁ?{s ?“ﬁ‘glr’ grlﬂgﬁgfée %@%Q@Wﬁ‘?‘% gﬁ?d’n@-(e{%ﬁ{l; 'gﬁ'e 408 s’@’g&g Mﬁ’c ed
by other 15 and second paticle chethis elnbodiment(thic 3ystam tomprisekeskindep ast iddeow. For

exanpl e the parahéo%&?n% m?:ﬁgr ct;?alygtr ﬁa?t%lttasothat cross-links with_tlie_ binder as well as particles that

have a limited amount of surface hydroxyl groups, which do not cross-link with the binder.
10 In this case, the binder cross links to itself and to-the oxide complex particles, and the
binder also forms a network or matrix around the particles that have a limited number of

surface hydroxyl groups.

Binders that can be used-in the present invention are colloidal metal or metalloid
15 oxide complexes. ‘Colloidal as used herein is defined as an oxide group that has a
' substantial number of hydroxyl groups that can form a dispersion in aqueous media. This
is'to be distinguished from the other use of the term colloid as used in regard to a size of
less than 1 pm. The binders herein are typically small in size, e.g. less than 150 pm, but
they do not have to be all less than 1 um. Typically, the binder is un-calcined to maximize
20 the hydroxyl group availability. Moreover, they must have a substantial number of
hydroxyl groups that can form a dispersion in aqueous media, which is not always true of
colloid particles merely defined as being less than 1 pm. Examples of binders include but
are not limited to.any metal or metalloid oxide complex that has a substantial number.of
hydroxyl groups that can form a dispersion in aqueous mgdia. In one embodiment, the
25 binder is colloidal alumina, colloidal silica, colloidal metal_' '6.xid9e where the metal is iron, or
a mixture thereof, preferably colloidal alumina or colloidil siica. In another embodiment
the binder is not colloidal alumina or colloidal silica. Colloidal alumina can be a powder,
sol, gel or aqueous dispersion. Colloidal alumina may be 'ﬁxrther stabilized with an acid,
preferably nitric acid, and even more preferably 3 to 4% nitric acid. In a preferred

30 embodiment, the colloidal alumina is un-calcined with a sufficient number of hydroxyl _



be activated or can be treated by processes disclosed in the prior filed
parent applications of and in applicants' copendi ng application filed on
October 21, 1996, U. S. Serial No. 08/734,329, entitled "Enhanced Adsor bent

and Room Tenpegxgy dufa9agpat al yst Particle and Method of Making Iaf&q. by
Therefor," V\A‘llgﬁils continuation-in-part of 20 /?% 05303

filed Apl’l | 17, 1996, pendi ng, which is a continuation-in-part of U S
application serial No. 08/426,981, filed Apr3y 21, 1995, pending. These
. applications are herein incorporated by this reference in their entireties

. for all of thei rgmmmmga therlotal particle weight loss(abdistinguighadrfranhjust wateroweighs oss an

‘ be any acid or s t hat n_cat al

. formation of hy u)g 10{1Hsebe§ﬂﬁn£0én %’14’ tp %@p’&?’@fr mﬁlﬁéo&&%to

- par g i cl eI f Exarrplae% drhaondsndamhdﬁnw siwelis spheferdblyt fromi samb 400 in ﬁdfei‘ddbl% dtildas 30
acid, sulfuric acj ori ric aci cet] ¢, acj orm

- acid, phosphori é’” ’iséesg/g‘ﬂ{’lggf‘ ﬁ@g“f'%ﬁ?gé‘f MWO&@% idal sificd ip preferal ﬁl‘.l i s

~an aliphatic OF yALGAReH with@lsfisicht b6l &hyhﬁxﬁ@%daeﬁucﬁmmasﬁl %ar&a@wa@hd

_is acétic acid. Exanpl es, of aliphatic and”aromati Cc carboxyl i
aci ds fncl ude budessapen igpition jsthetwagn froms¥eta 7% onefre preferatly &oraczp‘éi, tot3U% r The

o acid, citric ac icglloifiﬁtsﬂil{a size is preferably from 5 nm to 250 pm, préferably at least 30 wt% is less
than 25 pm and 95 wt% is less than 100 pm. In one embodiment, the binder is from 1% to
99.9% by weight of the mixture, preferably from 10% to 35% by weight. As used herein,
the binder will be referred to as “colloidal” to distinguish it from particle b, as the

10 composition types can be the same, e.g. both can contain aluminum oxides.

Although prior art binders can be used in combination with the binder system of the
present invention, these prior art binders lack certain advantages. In the present invention,
the activity is not degraded when exposed to aqueous solutions. The system is also very

15 durable and not subject to falling apart when exposed to a waste stream, unlike other prior
‘ art adsorbent and/or catalyst and binder systems, such as polyvinyl pyrolidone, starch, or

cellulose.

The invention contemplates the use of any prior art oxide adsorbent and/or catalyst
20 particle or composite particle of two or more types of particles and binder system, but
replacing the prior art binder with the binder of the present invention. In one aspect, the
invention provides an adsorbent and/or catalyst and bind& system comprising a binder that
has been cross-linked with at least one type of oxide adsorbent and/or catalyst particles. In
one embodiment, component b comprises at least two different types of oxide adsorbent
25 and/or catalyst particles, to form a cross-linking between 'fthe binder and both particles to
thereby form a composite particle. In another embodime_rjt, component b comprises at least
three different types of adsorbent and/or catalyst particles. In a preferred embodiment,
component b comprises an oxide particle, preferably a metal oxide particle, and even more
preferably a non-ceramic, porous metal oxide particle. 'Eifamples of such particles include,

30 but are not limited to, oxide complexes, such as transition metal oxides, lanthanide oxides,
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PCT/ US97/ 09938 21 acids, lactic acid, maleic acid, malonic acid, oxalic
acid, salicylic acid, stearic acid, succinic acid, tartaric acid, propionic

acid, val erl 909 ,g., (pexanm c acid, heptanoic acid, caprylic P%W"& .
i i d, TEMURLERS:

pelargonlc acl capric acid, undecanoi ¢ acid, lauric acid,

acid, nyristic acid, pentadecan0|c aci d, paln1tic aci d, heptadecanoi c aci d,
nonadecanoi c aci d, ar achi di ¢ aci d, heneicosanoic aci d, behenic acid,
triosanoic acid, |lignoceric acid, pentacosanoic acid, 5 cerotic
aci d, hept asandhatiuacoxide, aswélbasioxidesof GroupThA (dg) T, (Sraiu)cbron]sllimf(BpAElGaﬂ ,

o 1S 1 Rras B R B Biph VA DA B, wienad, i

thereof. In a %ﬁ{;ﬁi ﬂﬁfimamammde i Qﬁaﬁ&l‘& copéiiehi b. CindnbierGidifent,t | S

rel atively safer to handle than"npst other acids and because of its cost
ef fecti veness. compangpt kegrmprisesas axige df alymitium, titadiug, mmmmadmm pheqm nt

i ssol uti on Of wbigeoy kbl e lolilh, G AR ULRS FunlACNBL A, whRLY 2

dilute solution o acidisre aChiBve Tmaxifum or ura

| oadifhrg of the cadmummneﬂoaésnmmony; euthmium @smiunt; cobatbor mjrkel, or aetﬂuéS 'I\ypncal% a1y 09

glé:i SH of about ox:da&on State of the oxide comp\‘\'texes o }g ge useﬁla\lfor I_e| p?’gserzlit xz?w}'Jetntlgn ﬁe o:aé g tic
can be a mixture of at least two metal oxide particles having the same metal with varying
stoichiometry and oxidation states. In one embodiment, component b comprises ALO,,
TiO,, CuO, Cu,0, V,0;, Si0,, MhOz, Mn,0;, Mn,0,, ZnO, WO,, WO,, Re,0,, As,0,,

10 As, 0, MgO, ThO,, Ag,0, AgO, CdO, Sn0,, PbO, FeO, Fe,0;, Fe,0,, Ru,0,, Ru0, 0s0,,
$b,0,, CoO, Co,0,, NiO or zeolite. In a further embodiment, component b further
comprises a second type of adsorbent and/or catalyst particles of an oxide of aluminum,
titanium, copper, vanadium, silicon, manganese, iron, zinc, zirconium, tungsten, rhenium,
arsenic, magnesium, thorium, silver, cadmium, tin, lead, antimony, ruthenium, osmium,

'15 cobalt or nickel or zeolite, activated carbon, including coa_l and coconut carbon, peat, zinc
or tin. In another embodiment, component b further comprises a second type of adsorbent
and/or catalyst particles of aluminum oxide, titanium dioxide, copper oxide, vanadium
pentoxide, silicon dioxide, manganese dioxide, iron oxide, zinc oxide, zeolite, activated
carbon, peat, zinc or tin particle. Typical zeolites used in the present invention include “Y”

20 type, “beta “ type, mordenite, and ZsMS. In a preferred embodiment, component b
comprises non-amorphous, non-ceramic, crystalline, porous, calcined aluminum oxide that
was produced by calcining the precursor to the calcined aluminum oxide at a particle
temperature of from 300 or 400°C to 700°C, preferably in the gamma, chi-rho, or eta
form. The precursor to calcined aluminum oxide can include but is not limited to boehmite,

25 bauxite, pseudo-boehmite, scale, AI{OH), and alumina hydrates. In the case of other metal

oxide complexes; these complexes can also be calcined or uncalcined.

The adsorbent and/or catalyst particles used int this invention can be unenhanced or
enhanced by processes known in the art or described below. For example, the particles can

30 be dried to be activated or can be of a composition or treated by ion or electron beam or



15 sol ution has been found effective. However, a w de range of
concentrations of acid can be used in this invention fromvery dilute to
very concentrat ed depending on the hazards involved and the econom cs of
production. HowMBlvashf the acid is too concentrated, it w | |pcayusoriddoss
particle causing an increase in nacropores while elimnating mcropores,’
which is detrinmental to the particles of this invention. Thus, the acid
treatment is preferably of a 20 &ncentration (i.e. acid
strength as nmeasured by, e.g., normality or pH), acid type, tenperature and
length of tine tacidisetivatipmox énhancement tvsatment procesyas disclpsed in applicamty fwan
etching. In particul agdli t ks - rdd i

mnimzed or is aﬁlf@%ﬂn&%@é&q (g%%g?lécl? ?%gﬁ‘%?hp %ieﬁgz‘ﬁ @ﬁ?‘%gédns@]ﬁgn gg%g“lo?llnons,
such as acid st rrengpelatureCatelystyRacticlecand MethgubofMaking @nd Asingrherefory (& &t Sesial No.

such that the re ti I n overall surface ar 2 .
preferably nmeas @géﬁ“b&gt ngcﬁﬁ"f‘ coptinyahon-ing ?&@ﬁ?éﬁ%’% fled Apl 17 1995,
less than 10% |Rading Whithi¥a cdnbiffatioRailpal/of USS fppliCatidn b8Mal No. 087436,9812filed . 5%
Strong acids, such as for exanple hydrochloric, nitric or sulfuric, should

preferbly be uguilal, 199%meuding, and (20/1Acid Contacted EnhancebAdsorhent Bartiglepndhci d,
such as for exarm&ﬁ?tﬂ%mqﬂ@eﬁ@@& A8 §iaPRE. G133 8 NG

. ?jﬁﬁa
chemically react ™ w partitle to a nuch gréater degree than a
weak 30 contimatich-infpacaf 68 applicatomsedalNa 0B662,33 1, filed June 12, 1996,

pending, which is a continuation-in-part of PCT/US95/15829, filed June 12, 1995, pending,

which is a continuation-in-part of U.S. application serial No. 08/351,600, filed December 7,
10 1994, abandoned, the disclosures of both of these applications and all of their prior filed

priority applications are herein incorporated by this reference in their entireties for all of

their teachings, including, but not limited to particle compositions and methods of

treatment. The acid treatment or enhancement method and particles is described above in

section I. In one embodiment the oxide adsorbent and/or catalyst particle has not been acid
'15 enhanced treated. |

An acid is required to cross-link the binder with component b. The addition of an
acid to the binder facilitates or enables the reaction between the binder and the oxide
20 particle. A strong or dilute acid can be used. A dilute acid is preferred to minimize etching
of certain particles. Typically the acid is diluted with water to prevent dissolution of the
particle and for cost effectiveness. The acid treatment is preferably of a concentration (i.e.
acid strength as measured by;-e.g., normality or pH), acid type, temperature and length of

time to cross-link the binder and component b.

In one embodiment, the acid comprises nitric acid, sulfuric acid, hydrochloric acid,
boric acid, acetic acid, formic acid, phosphoric acid or mixtures thereof, preferably acetic
acid or nitric acid. In another embodiment, the acid is an aliphatic or aromatic carboxylic
acid. Examples of aliphatic and aromatic carboxylic acids include but are not limited to

30 acetic acid, benzoic acid, butyric acid, citric acid, fatty acids, lactic acid, maleic acid,
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strength equivalent to a 0.5 N (normality) aqueous solution of acetic acid.

I n ot her enboﬁ,ioggg t he upper strength of the acid is equig&t@; ,038&1 a
0.25 N, 0.1 N, }8@3%& 0.075 N, 0.0O5 N, 0.02 N, 0.01 N, 0.0 otr' .001 N
aqueous acetic acid solution. The |ower strength of the acid should be that
whi ch provides nore than a surface washing 3t inparts enhanced adsorbent

effects to the 5 particle. In particular enbodinents, the |ower
strengt h of t henalonicladid, oxsfici acid| salicylic acid, Deafib adid, shccinic aditl, tartpie akid, rofivbicN,

0.05 N, 0.02 N, .01 N, O5 N, 0.001 N. 0.0005 . 0001 N
Seoti o aci d- sojsth St e, hedngitac, Mgansic 2cid Rptyie actt pelarnnit abia PECAG,
i nventi on substpdédaabit ¥cid inticsidl MdeddRoic acid, myristic Bti6 peRRBERANSIE add, PRlnhiic

present and the acid does not etch the particle to any appreci ahl e degree
and does not crasis beptadecansisacid; nampdecanaic pnid, grachidiy agid chengispsanoie asid, behenifor o

di anet er gr eat gfl ﬁﬁﬁaxfb@é&i&id, ﬁ%xo@éﬂc a d‘Péhtz% S{c%ﬂ, @é?&%c@?ﬂ%%as%@a&i&.e

particle is alum hum oxi de, 'the acid tteated al um hum oxi dé maintains its

m cr ofpor ous natmendanihigoid, mgnacosanoic acid, melissic acid , phthalic acid, ghitaric acid, adipic acid,
azelaic acid, sebacic acid, cinnamic acid, acrylic acid, crotonic acid, linoleic acid or a
mixture thereof. In another embodiment, the concentration of the acid is from 0.15 N to
8.5 N, preferably from 0.5 N to 1.7 N. The volume of dilute acid used must be high
enough so that the adsorbent and/or catalyst particle of the present invention can be used as

10 is or further processed, such as extruded or filter pressed.

In order to ensure efficient cross-linking between the binder and the oxide particle
component, water is removed from the resulting binder syétem. This is typically performed
by using a drying agent or heating the system. The cross-linking temperature as used

15 herein is the temperature at which cross-linking between the binder and the oxide adsorbent

‘ and/or catalyst component b occurs at an acceptable rate or the temperature at which the
binder reacts with itself at an acceptable rate. In one embodiment, the cross-linking
temperature is from 25°C to 400°C. Thus, in one embodiment, the cross-linking
temperature for certain binders is at room temperature and requires no heating, although

20 the rate of cross-linking at this temperature is siow. In various embodiments, the cross-
linking temperature, and thus the heating step, is from 50°C, 70°C, 110°C, or 150°C to
200°C, 250°C, 300°C, or 350°C, preferably 150°C to 300°C, even more preferably about
250°C. The cross-linking process can take place in open air, under an inert atmosphere or
under reduced pressure. The cross-linking temperature can effect the activity of the

25 adsorbent and/or catalyst and binder system. When cross-linking occurs in the open air,
then the particle is more susceptible to oxidation as the cross-linking temperature is

increased. Oxidation of the particle can ultimately reduce the activity of the particle.

Preferably, during or after step (i), the mixture of step (i) is not heated above the

30 cross-linking temperature of the colloidal metal oxide or colloidal metalloid oxide.



a nedian pore size of 3.5 nmto 35 nmdianeter and a BET surface area of
from120 to 350 15 nerr]/g. Additionally, the acid preferably has
some water present to provide OH and/or Herr] ions, which bond with the
particle. Wienydwased is diluted with water, the water is prefassaiodoys
distilled water to mnimze the anmount of inpurities contacting the '
particle. 20 The particle of the invention is nade by the foll ow ng
process. The particle is contacted with an a8 d. The particle can be
contacted with the acid by various neans including by the particle being

di pped in, ext erRyplipeably, drrng;on gftey stap, () othe suvuseof step (ihisnatheated do onshove Mgyt h
of time the part}] ] el ' ; p 25
Che abi1ity of (A Wibberaine STANGRaIGD b cPEibistPiokeoid SRAL PiSEatly,
surface and por eduriog ot after step (i), themixtih of step@) is aot Heated ¢o prphovasthgcaleipB@gnds, a

few (three) mnutes, at |east I nut es t..l east e 2

hours, at |east tf@pﬁg@fgqﬁgﬁp 3?’ Z’gg&nogﬁ@@%’}m?% d&%‘?ﬁ %’t}gg‘;%%”a@a%hge%;““pe of
adsor ption resul & @isheihehted BEcRE S0BDECY458S ©)4L0°SE13S0AT, 800° Cler 256 1€, nust  be
sufficient to at l'east increase the adsorbent properties of the particle by

addi ngSi ncr easi rryefgmbly not above 409°Ce W&W“ﬂﬂ%ﬂ'ﬂﬂgﬁﬂﬁ?ﬁ?ﬂb%@ﬂ%
particle. In onecgahnghyiaily inbdlfeshidhtingG! fartiche to remove any residual water that may be on

the particle as well as change the lattice structure of the particle to form a crystalline
particle. For example for producing a crystalline aluminum oxide particle, the calcining
temperature is about 300 or 400°C to about 700°C. Calcining also removes the hydroxyl

10 groups on the binder that are required for cross-linking. Therefore, heating the system
during or after step (i) above the cross-linking temperature into the particle or binder
calcining temperature range or above is detrimental to the system. Thus, prior art systems,
where mixtures of colloidal alumina and/or colloidal silica are (1) calcined or recalcined or

(2) heated to form a refractory material are not a part of this invention.
15
' In another aspect, the invention provides for an adsorbent and/or catalyst system

made by the process of the invention.

The binder system of the invention is made in one embodiment by the following

20 general process. The (1) binder and (2) adsorbent and/or catalyst particles are pre-mixed in
dry form. The colloidal binder can be added or prepared in situ. For example, alum could
be added as a dry powder and converted to colloidal alumina in situ. Other aluminum
based compounds can be used.for the in situ process, such as-aluminum chloride, aluminum
secondary butoxide, and the like. A solution of the acid is added to the mixture, and the

25 mixture is stirred or agitated, typically from 1 minute to2 hours, preferably from 10
minutes to 40 minutes, until the material has'a homogeneous “clay” like texture. The
mixture is then ready for cross-linking or can be ﬁrst fed through an extruder and then cut
or chopped into a final shape, preferably spheres, pellets or saddles, typically of a size from
0.2 mm to 3 mm, preferably 0.5 to 1.5 mm. After the final shape is made, the product is

30 transferred to a drying oven where they are dried from iS minutes to 4 hours, preferably
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conpl ete vvhen is full adsorption ofthe alum na pores with the acid

sol uti on. e?ﬁgﬁhQQSIng shoul d be substantial enough to praoy #ﬁﬁﬁw
penetration o he acid throughout the pores of the particle erégw
i ncreasing the nunber of hydroxyl groups on the pore surface of the
particle. Mere washing the outside surface 40 the particle to renove

inmpurities is not sufficient to provide adequate penetration 5 of
the acid into aﬁmnﬁﬁwrwgeaomzhw pﬁmosshdimdehaqddedmctheadséﬁymtmadl/bycatalm aci d

ontacting is enper at ur her t

'fenperat u?e an agtgcg%sggﬁnggqugﬁﬁr& %‘%é‘ﬂﬁ‘ﬁ%ﬂ‘%ﬁ& @89’6’ ?‘Peﬁ‘éﬁ’ﬁt'ﬁ@rﬁ‘ﬁl |y
etch the parti chimier.1Suchrvalcitrigtor eevalcintiigasouldddtiitibmaliychad@ the sl faé¥ thdakteristics
rinsed, preferably with ggtg‘; Rinsing of the acid contacted particle does -

not reduce the FFRTARRAA $iog %%&B‘HBP?’F% ydditiongly, therparticles of tednyentians ed,
the particle i sarppff@itiNPhot sintef& ds tistvindid &étl‘nhlarﬁﬂly"ﬁe&rthé fRicRipdtedbg Glosing up

5 the micropores and would detrimentally decrease the pore volume and surface area. The
particles and binder system are also not heated above the calcining temperature to form a
refractory material. Any other process that would increase the size or eliminate
micropores, enlarge the size of, create macropores at the expense of micropores or destroy
macropores, or would decrease the surface area available for adsorption or catalysis should

10 preferably be avoided.. -

The size and shape of the particles used in this invention prior to extruding can vary
greatly depending on the end use. Typically, for adsorption or catalytic applications, a
small particle size such as 5 pm or greater to about 250 um are preferable because they

15 provide a larger surface area than large particles.

In yet another aspect, the invention provides a method for reducing or eliminating
the amount of a contaminant from a liquid or gas stream comprising contacting the
adsorbent and/or catalyst binder system with the contaminant in the stream for a sufficient

20 time to reduce or eliminate the amount of contaminant from the stream. In one
embodiment, the stream is a liquid, preferably water. In another embodiment, the stream is

a gas, preferably comprising air or natural gas.

The adsorbent and/or catalyst binder system of this invention can be used for
25 environmental remediation applications. In this embodim_ént, contaminants from a liquid
or gas stream can be reduced or eliminated by a catalysis reaction. In another embodiment,
contaminants from a liquid or gas stream can be reduced or eliminated by an adsorption
reaction. The particle can be used to remove contaminants, such as, but not fimited to,
heavy metals, organics, includihg hydrocarbons, chlorinated organics, including chlorinated

30 hydrocarbons, inorganics, or mixtures thereof. Specific examples of contaminants include,



impurity contact. Rinsing of the particle serves two purposes. First, any
residual acid that 15 I's remaining on the surface or pores of the
particle is renoved, which will make the particle easier to handle when it

is in the dry {ffdfussggcond, rinsing the particle will renove gcifuseri0993s
counter-ion of the acid that may be on the surface or pores of the

particle. Optionally, the particle is dried by a | ow to noderate heat
treatnment to renove 20 excess |iguid, such as acid or water, from
the rinsing step to thereby increase the activity of adsorption. Typically,
the drying is f botarenotimisalto,acktos:, ammebis,hen2ae] carhopMonpdxide, raiilopine, thydrogen

particle al so reduces..t;he transfer £ost o rid : -
is preferably n&ﬂﬁ@&ﬁe?*ﬁ%’a"‘bﬁ“ree@ﬁﬁ@‘fxﬂ‘é‘a e&?’?@re&}é@l“g’ fP 5@%@?2@& h%%ﬁge%?c%r?&érg
contacting W t h hydfoged sulfideainethinol; inetlft athyliketong, ni@hyichedhlorid¢e/orides dfnitedgenge
the surface characteristics hy closing up the 25 . Cr.OpOr es
However, the parsbfitasditzogen B@dﬁé’&?lé'!?“?-d‘%%ec?’ﬂ‘fqﬁ@ff%%&@ﬁ?‘gé“ 8‘1"%95&9 ene,

after the parti g BAsHdie Ghsefs cHbrirfd, B2GRREAGENROropdie (DBERP SiohAlerd)d
the contam nent a$ descri bed g’el ow. Additionally, the g%r?{,i cl(gs of’ ﬁq’e ’

i nvent Bon are prrbsphate) sadom seleriivm,anation.cintdxoanione  ply-axoanion exruraniem swickias
et . i, U R Bt e o Bl SO
vol une and sur f dfidividuat sontfifiiiamts bratultiple cataminatciiorna singleaairce.r Tl ineertiont hat
woul d 1 ncrease achieves improved efficiency by adsorbing a higher amount of contaminants and by
reducing the contamination level to a much lower value than by non-enhanced particles.
10
In yet another aspect, the invention provides a method for catalyzing the degra-
dation of an organic compound comprising contacting the organic compound with the
adsorbent and/or catalyst system for a sufficient time to catalyze the degradation of an
organic compound. In one embodiment, the catalysis reaction is at room temperature. Ina
'15 one embodiment, the organic compound is a chlorinated organic compound, such as

trichloroethylene (TCE). In one embodiment, the catalyst and binder system catalyzes the
hydrolysis of the chlorinated organic compounds.

In yet another aspect, the invention provides a method for reducing or eliminating
20 the amount of a contaminant from a gas stream by catalysis comprising contacting the
adsorbent and/or catalyst binder system with a gas stream containing a contaminant
comprising an oxide of nitrogen, an oxide of sulfur, carbon monoxide, hydrogen sulfide, or
mixtures thereof for a sufficient time to reduce or eliminate the contaminant amount. In
one embodiment, the catalysis reaction is at room temperature. |
25
- For environmental remediation applications, adsorbent and/or catalyst particles of
the invention are typically placed in a container, such as a filtration unit. The contaminated
stream enters the container at one end, contacts the particles within the container, and the
purified stream exits through another end of the container. The particles contact the

30 contaminants within the stream and bond to and remove the contamination from the stream.
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5
The particle/binder system of the invention can be used preferably as the adsorbent
or catalytic medium itself. In an alternate embodiment, thé system is used as an adsorbent

or catalytic support. In another embodiment, it is not used as a catalyst support.

10 When the particle adsorbs a contaminant, the particle of this invention bonds with
the contaminant so that the particle and contaminant are tightly bound. This bonding
makes it difficult to remove the contaminant from the particle, allowing the waste to be
disposed of into any public landfill. Measurements of contaminants adsorbed on the
particles of this invention using an EPA Toxicity Characteristic Leachability Procedure

15 (TCLP) test known to those of skill in the art showed that there was a very strong

. interaction between the particles of this invention and the ¢ontan\inants such that the

contaminant is held very tightly.

Although the particle system bonds tightly to the contaminant, the system of the

20 invention can be regenerated by various techniques. In one embodiment, the acid enhanced
particle of section I above can be regenerated. In another embodiment, the binder and
oxide adsorbent and/or catalyst system can be regenerated:. In one embodiment, the
particle can be regenerated by roasting it in air to reoxidize l‘the particle. In another
embodiment, the contaminant can be removed by contacting the particle having the

25 adsorbed contaminant with a reagent wash. The reagent wash can include but is not limited
to aqueous-ammonia, phosphines or detergents. In yet angfher embodiment, the use of a
pH swing can remove the contaminant from the particle. %/arious pH ranges can be used to
remove the contaminant form the particle depending upon: the type of contaminant. In one
embodiment, an acidic solution can be used to remove a cation from the particle. In

30 another embodiment, a basic solution can be used to remove an anion from the particle. In



15 ' m xtures thereof. Specific exanples of contam nants incl ude,
but are not limted to, acetone, mcrobials such as cryptosporidi um
. anmoni a, benzene, chlorine, dioxane, ethanol, ethylene, formaldehyde,

- hydrogen cyani dgg ofi¥dgpoen sul fide, methanol, methyl ethyl keppgfRissresss
met hyl ene chl oride, propylene, styrene, sulfur dioxide, toluene, vinyl -

. chloride, arsenic, lead, iron, phosphates, selenium cadnm um uranium- such
-as Uerr]Jerr], radon, 1,2- 20 di43 ono- 3- chl or opr opane ( DBCP),

. chromium tobacco snoke, cooking, funmes, zinc, trichloroethylene, and PCBs.

~ The particle carfptefeapbedimesh Lawisanids and bazesan baused te rmoyp thegonigminant from

: pol y- oxoani on. 43 F‘\ icftf this invention can renediate individual

. contam nants or mﬂtl pl'e ‘contam nants froma single source. In essence,

© anywhere adsorbents are used to capture pollutants, this invention achieves

i inproved efficiency adsqrhj ng a higher. 25 .. . __angunt of .
- contani nants and by ?éﬁ'&ﬁ:‘?“ﬂﬁgﬂfg" EBWP%}W%W'QH?S?M“% f’g‘%ﬁlfBHPWSWQF’ aﬂ?&l ue
~ than by non- enhanygsheBdibkige. o thif SbdSindédt AREBiIRdeRlis preéRRElyolisidal ARRTiAC B thi3NS,
- particles of the invention are typically placed-in.a container, such as a
- filtra#ion unit emppdimeatythesridas ergtemablyaseticearide la thigambadiment, the binder isdramf fer
: gt r ggfn end, ContgyGais by'weight! preferably #brh 811835 Parts By Wéldihi Ghe alfMfhulWxidd!s frbhqd
: to 97 parts by weight, preferably from 55 to 85 parts by Weight, the copper oxide is from 1
to 97 parts by weight, preferably from 1 to 20 parts by weight, and the manganese oxide is
from 1 to 97 parts by weight, preferably from 1 to 20 parts by weight. In another
10 embodiment, the binder is 20 parts by weight, aluminum oxide is 70 parts by weight,
copper oxide is 5 parts by weight, and manganese dioxide is 5 parts by weight.

In another embodiment, component b comprises aluminum oxide and activated

carbon. In this embodiment, the binder is preferably colloidal alumina. In this embodiment,
.!5 the acid is preferably acetic acid. In this embodiment, the binder is from 1 to 98 parts by

weight, preferably from 5 to 35 parts by weight, the aluminum oxide is from 1 to 98 parts

by weight, preferably from 45 to 75 parts by weight, and the activated carbon is from 1 to

98 parts by weight, preferably from 35 to 55 parts by weight. In another embodiment, the

binder is 20 parts by weight, aluminum oxide is 60 parts by weight,. and activated carbon is
20 S parts by weight. |

In another embodiment, component b cork)_prisesj copper oxide and manganese
dioxide. In this embodiment, the binder is prefergj)ly cc:ﬂ:l__;didal alumina. In this embodiment,
the acid is preferably acetic acid. In this embodilﬁent, the binder is from 1 to 98 parts by

25 weight, preferably from 5 to 35 parts by weight, the copper oxide is from 1 to 98 parts by
weight, preferably from 35 to 55.parts by -weight, and the %manganese dioxide is from 1 to
98 parts by weight, preferably from 25 to 55 paris by W§ght. In another embodiment, the
binder is 20 parts by weight, copper oxide is 40 parts by:weight, and manganese dioxide is
40 parts by weight. :

30
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parts by weight, and activated carbon is from 1 to 96 parts by weight, preferably from 1 to
25 parts by weight. In another embodiment, the binder is 19.9 parts by weight, aluminum
oxide is 60 parts by weight, copper oxide is 5.98 parts by weight, manganese dioxide is
10 4.98 parts by weight, and activated carbon is 9.95 parts by weight.

In another embodiment, the component b comprises aluminum oxide, silicon
dioxide and activated carbon. In a further embodiment, the particle comprises from 1 to 97
parts, preferably 5-35 parts, more preferably 20 parts by weight aluminum oxide, from 1 to
15 97 parts, preferably 5-35 parts, more preferably 20 parts by weight silicon dioxide and 1-99
' parts, preferably 25-55 parts, more preferably 40 parts by weight activated carbon. In this
embodiment, the binder is preferably colloidal alumina and the acid is preferably acetic acid.
The binder is from 1 to 97 parts by weight, preferably from 5 to 35 parts by weight.

20 In another embodiment, the catalyst and binder system can be used as an oxidation
catalyst. In one embodiment, the system comprises colloidal alumina as a binder, ALO,,
and one or more of the following oxide particies of V,0;, WO,, WO,, TiO,, Re,0,, As,0,,
As,0,, OsO,, or 8b,0; . In another embodiment, the colloidal alumina is from 10 to 30
parts by weight, ALO, is from 1 to 90 parts by weight, and V,0,, WO,, WO,, TiO,, Re,0,,

25 As,0;, As,O4, 0s0,, or Sb,0, are each from 1 to 90 parts by weight.

In another embodiment, the catalyst and binder system can be used as a Lewis acid
catalyst. In one embodiment, the system comprises colloidal alumina as a binder, ALO,,
and one or more of the following oxide particles of V,0;, Zr0,, TiO,, MgO, ThO, or

30 lanthanide oxides. In another embodiment, the colloidal alumina is from 10 to 30 parts by



or catalytic support. In one enbodi nent, the acid enhanced particle is used
I n conbination with a particle that has been pretreated to inprove its
adsorbent and/or to inprove or inpart 20 catal yst properties,
such as an i onyyofhsel r on enhancenent, in accordance w th apgdingsnomss
copendi ng application filed on Cctober 21, 1996, U. S. Serial No. ’
08/ 734,329, entitled "Enhanced Adsorbent and Room Tenperature Catal yst
Particle and Met hod of Making and Using Ther4f¥or," which is a
continuation-in-part of PCT/US96/05303, filed Aprll 17, 1996, Bendlng,

which is a cont iweiglti b‘ﬁjmﬁpaﬂttowmsbywalebman@ws;%@u B0, MgV aThQyor
08/ 426, 981, 25
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5 and one or more of the following oxide particles of CuO, ZnO, Ag,0, AgO, CdO, Sn0O,,
PbO, V,0;, Zr0,, MgO, ThO, or lanthanide oxides. In another embodiment, the colloidal
alumina is from 10 to 30 parts by weight, ALO, is from 1 to 90 parts by weight, and CuO,
Zn0, Ag,0, AgO, CdO, Sn0O,, PbO, V,0s, Zr0,, MgO, ThO, or lanthanide oxides are each
from 1 to 90 parts by weight. '

10
In another embodiment, the catalyst and binder system can be used as a reduction
catalyst. In one embodiment, the system comprises colloidal alumina as a binder, ALO,,
and one or more of the following oxide particles of MnQ,, Fe,0;, Fe,0,, Ru,0;, OsO,,
Co0, Co,0,, RuO or NiO. In another embodiment, the colloidal alumina is from 10 to 30
15 parts by weight, ALO, is from 1 to 90 parts by weight, and MnO,, Fe,0;, Fe,0,, Ru,0;,
. 0s0,, Co0, Co,0;, RuO or NiO are each from 1 to 90 parts by weight.

In another embodiment, the catalyst and binder system can be used as a catalyst for
the reduction and removal of nitrogen oxides. In one embodiment, the binder is colloidal
20 alumina and the particle comprises aluminum oxide, gallium oxide and copper oxide. In
another embodiment, the colloidal alumina is from 1 to 98% by Weight, the aluminum oxide
is from 1 to 98% by weight, the gallium oxide is from 1 to 98% by weight, and the copper
oxide is from 1 to 99% by weight. In yet another embodiment, the colloidal alumina is
from 5 to 40% by weight, the aluminum oxide is from 40 to 99% by weight, the gallium
25 oxide is from 1 to 10% by weight, and the copper oxide is from 1 to 10% by weight. Ina
preferred embodiment, the colloidal alumina is 20% by weight, ALO,, preferably acid
enhanced, is 70% by weight, Ga,0; is 5% by weight, and CuO is 5% by weight, wherein
the particle is cross-linked with acetic acid at 350°C. In another embodiment, the binder is
colloidal alumina and the particle comprises aluminum oxide, copper oxide and zirconium

‘:&0 oxide. In yet another embodiment, the colloidal alumina is from 1 to 97% by weight, the



26 rhodium cobalt, copper, ruthenium and osmum preferably gold, silver
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acetic acid at 350°C. In another embodiment, the binder is colloidal alumina and the

particle comprises aluminum oxide and silver nitrate. In yet another embodiment, the
colloidal alumina is from 1 to 98% by weight, the aluminum oxide is from is from 1 to 98%

10 by weight, and the silver nitrate is from 1 to 98% by weight. In a preferred embodiment,
the colloidal alumina is from 10 to 40% by weight, the aluminum oxide is from is from 30
to 70% by weight, and the silver nitrate is from 1 to 20% by weight. In a preferred
embodiment, the colloidal alumina is 20% by weight, Al,(),; preferably acid enhanced, is
75% by weight, and AgNO, is 5% by weight, wherein the particle is cross-linked with

15 acetic acid at 350°C. In another embodiment, the binder is colloidal alumina and the

' particle comprises aluminum oxide, a mixed oxide complex, and copper oxide. Mixed
oxides complexes are defined as particles comprising at leaét two or more oxide complexes.
In yet another embodiment, the colloidal alumina is from 1 10 97% by weight, the aluminum
oxide is from is from 1 to 97% by weight, the mixed oxide is from 1 to 97% by weight, and

20 the copper oxide is from 1 to 97% by weight. In a preferred embodiment, the colloidal
alumina is from 10 to 40% by weight, the aluminum oxide is from 30 to 70% by weight, the
mixed oxide is from 1 to 20% by weight, and the copper oxlde is from 1 to 20% by weight.
A mixed oxide particle.that is useful for this embodiment :ié:f___MOLECULITEO, which is by
supplied Molecular Products LTD., Essex, UK. MOLECULITE’ contains from 60 to 75%

25 by weight oxides of manganese compounds, including MnO,, Mn,0,, and/or Mn,0O,, 11 to
14% by weight copper oxide, and about 10% by weight lithium hydroxide. In one
embodiment, the system comprises colloidal alumina asa bmder, and the particle comprises
aluminum oxide and copper oxide. In an even more pteferred embodiment, the colloidal
alumina is 20% by weight, the AL,O;, preferably acid enhanced, is 70% by weight, the

30 MOLECULITE® is 5% by weight, CuO is 5% by weight, wherein the particle is cross-



aci d enhanced process ofthe invention, copper oxide, and manganese oxi de.
Preferably, these conponents are in a proportion of from 50-98 parts by
wei ght, nore preferably 80-95 parts by weight, even nore preferably 88

parts by wei ghiycamlesssgnhanced al um num oxi de; 20 anetTiusy 20993 t S
by wei ght, nore preferably 4-19 parts by weight, even nore preferably 6°
parts by weight of each of copper oxide and manganese oxi de. Preferably,
the copper oxide is CuO and the manganese ofi?de is M err]. Preferably,
the conposition is held together using a colloidal alumna bi n?er t hat has
{m@ﬂp@mna

been crossl i nkelinked vithasetionsid 885\ Ingnather ehodiment, thebindents P
ot 1 ted to RS BEglonBHES Wil GAl, Coppel Buc, Maifiactddioaieand
trichl oroet hyl emagfeBia) oxiddotin yetshother enbodiment tireccoBgidal latyninga is from IstorA6h4 Bved
21 i num oxi de/ SBEBGAE BRESURSHAF M 574 207k Hy Peiehihe HnBicRbl dRE8E1s
esor e ADOVE 0 T 1) epugaSappsviaisn o il V11
PCT/ U7/ 09938 magnesium oxide is from 1 to 96%. In a preferred embodiment, the colloidal alumina is
from 10 to 40% by weight, the aluminum oxide is from is from 30 to 70% by weight, the
manganese dioxide is from 1 to 20% by weight, the copper oxide is from 1 to 20% by
weight, and the magnesium oxide is from 1 to 30%. In an even more preferred
embodiment, the colloidal alumina is 20% by weight, AL,Q,, preferably acid enhanced, is
10 50% by weight, the MnO, is 5% by weight, CuO is 5% by weight, and MgO is 20%,
wherein the particle is cross-linked with acetic acid at 350°C. In yet another embodiment,
the colloidal alumina is from 1 to 98% by weight, the aluminum oxide is from is from 1 to
98% by weight, and the copper oxide is from 1 to 98% by weight. In a preferred
embodiment, the colloidal alumina is from-10 to 40% by:..Weight, the aluminum oxide is
15 from 30 to 70% by weight, and the copper oxide is from. 1 to 20% by weight. In an even
' more preferred embodiment, the colloidal alumina is 25% by weight, AL,O;, preferably acid
enhanced, is 65% by weight, and CuO is 10% by weight, wherein the particle is cross-
linked with acetic acid at 350°C.

20 In another embodiment, the catalyst and binder system can be used as a catalyst for
oxidation of CO and hydrocarbons. In one embodiment, the binder is colloidal alumina and
the particle comprises aluminum oxide, a mixed oxide and copper oxide. In yet another
embodiment, the colloidal alumina is from 1 to 98% by, weight, the aluminum oxide is from .
is from 1 to 98% by weight, and the mixed oxide is from _ﬁl to 98% by weight. Ina

25 preferred embodiment, the colloidal alumina is from 10 to 40% by weight, the aluminum
oxide is from 10 to 40% by weight, and the mixed oxide is from 20 to 70% by weight. A
mixed metal oxide that is useful in this embodiment is
CARULITE® 300, which is supplied by Carus Chemical Company, LaSalle, Illinois, USA.
CARULITE® 300 contains from 60 to 75% by weight manganese dioxide, 11 to 14%

30 copper oxide, and 15 to 16% aluminum oxide. Inan even more preferred embodiment, the



27 organic contam nant, even at roomtenperature. This catalytic activity
I s evident because the inventive co-particle of Exanple 5 was chal | enged
with a high concentration of organic contam nants and no organic

cont am nant s I nd the residual solution after TCLP an ls7/bod5iE
Exanpl e 6). Iwaaﬁ’g?:g#]erred enbodi nent, the acid-enhanced Al (%ﬁ?s%v .
conbi nation with one or nore oxides of manganese, copper, and/or iron is
particularly 5 suited to catal ytiggal | y degrade organics, such as
hydr ocar bons, chlori nated hydrocarbons and chl ori nated organics, such as
tri chl or oet hyl eokoiddbaleminats 20% be veight) AL, O, | preferablyabid tenltanceakyjs@0V4 byoweight, and

conprises 50-9 Lts, i . mrge ef erabl y, 80-95 rts by weight,
even nore pref Jvlgg%gﬁf%@%?ly W&@h@f‘wah%ﬂﬂ{'ﬁ&’éﬂrﬁgﬁ‘%eammﬂg?a ahg
1-49 parts by wepght, nore preferably 4-19 parts by wei ght, even nore

preferably 6 parts by weight of 10 each of copper oxide and
manganese oxi de. Binders for binding the individual particles to form an

aggl onerated partic oWy . ' i
preferred enbodi man%r,F an?:ﬂ{éer E‘?ﬁ%édg’athggﬁ@g& 3@‘! blﬁé&%é&g%@%ﬁ{ﬂasﬁg? g?&%na
catalyst. 15 Afgrsafferoxggendonpeusndshdh ooeembmiiment,dhesystent dvmppisesicolididal alwininzhi s

'nvention is a¢o {nae!:rfjgtld the particle comprises aluminum oxide and copper oxide. In another

embodiment, the colloidal alumina is from 1 to 98% by weight, the aluminum oxide is from
is from 1 to 98% by weight, and the copper oxide is from 1 to 98% by weight. Ina
preferred embodiment, the colloidal alumina is from 10 to 40% by weight, the aluminum

10 oxide is from is from 30 to 70% by weight, and the copper oxide is from 1 .to 20% by
weight.

In another embodiment, the binder and oxide adsorbent and/or catalyst system can
remove chlorinated hydrocarbons from a liquid stream. In one embodiment, the binder and
15 oxide adsorbent and/or catalyst system comprises (1) colloidal alumina, (2) aluminum
' oxide, (3) a mixed oxide, such as mixed oxides of manganese, for example
MOLECULITE?®, and (4) carbon. Ina preferred embodiment, the composition comprises
or consists of colloidal alumina from 10 to 30, preferably 20% by weight, ALO, , which is
preferably acid enhanced, from 50 to 70, preferably 60% by weight, MOLECULITE® from
20 5 to 15, preferably 10% by weight, and carbon from 5 to 15, preferably 10% by weight.

In another embodiment, the catalyst and binder system can be used as a coal
gasification catalyst. In one embodiment, the system COxﬁprises colloidal alumina as a
binder, AL, O,, and one or more of the following oxide particies of Fe,0,, Fe,0,, CoO or
25 Co,0,. In another embodiment, the colloidal alumina is from 10 to 30 parts by weight,
AL, is from 1 to 90 parts by weight, and Fe,0,, Fe,0,, CoO, ot C0,0,, are each from 1
to 90 parts by weight.

In another embodiment, the catalyst and binder system can be used as a coal gas

30 reforming catalyst. In one embodiment, the system comprises colloidal alumina as a binder,



metal oxide or colloidal netalloid oxide binder as disclosed in applicants'
copending U. S. application filed on Cctober 21, 1996, U S. Serial No.

08/ 734,330, entitled "Adsorbent and/or Catal yst and Bi nder System and

Met hod of Maki @ o33¢hsh/si Ng Therefor,” which is 20 (PDOrnzs97/09938
continuation-in-part of PCT/US96/05303, filed April 17, 1996, pending,
which is a continuation-in-part of U S. application serial No. 08/426, 981,
filed April 21, 1995, pending; (2) a conti nf i on-i n- part of U. S.

application serial No. 08/426,981, filed April 21, 1995  pending; a
conti nuati on-i n-Alds ansrong osmoggefithefellowing suide particles Of@m%eﬁ?@a fo ?q(‘g%zoa-u ne
12, 1996, pendi | ' C | LR e t i1 ed
June 12, 26 1 undfl ot R cofibtfs e 5% 108 3 Fbafe fy Saght 10, 1

U.S. applicati ofremet im90 piots by Sveight, 26 Be, Ok, FegQl,, OoOconfee,07 arel@oh fromadedoned:;
and (4) a continu tLonhiipF- part of PCT/US95/15829, filed June 12, 1995,

pendi ng, whi ch PATROEY uation-in-part of U.S. application serial No.

08/ 351, 600, filed Decenber 7, 1994, abandoned. All of the above

appli cations are hereby incorporated by this reference in theiy entireties
for alf of their teadmpnaiher ?@WJ‘%PW“WW@WW‘B%““W{“a

PCT/ US97/ 09938 hydrogenation catalyst. In one embodiment, the system comprises colloidal alumina as a
binder, Al,O,, and one or more of the following oxide particles of Fe,0,, Fe,0,, CoO or
Co,0,. In another embodiment, the colloidal alumina is from 10 to 30 parts by weight,
AL O, is from 1 to 90 parts by weight, and Fe,0,, Fe;O,:, Co0 or Co,0, are each from 1 to
10 90 parts by weight.

In another embodiment, the catalyst and binder system can be used as a desiccant.
In one embodiment, the system comprises colloidal alumina as a binder, Al,0,, and one or
more of the following oxide of zeolite, MgO, or ThO,. In another embodiment, the
15 colloidal alumina is from 10 to 30 parts by weight, Al,O; is from 1 to 90 parts by weight,
' and zeolite, MgO, or ThO, are each from 1 to 90 paris by weight.

In another embodiment, the catalyst and binder system can be used as a catalyst
support. In one embodiment, the system comprises colloidal alumina as a binder, ALO,,
20 and one or more of the following oxide particles of MgO or ThO,. In another embodiment,
the colloidal alumina is from 10 to 30 parts by weight, Al,O, is from 1 to 90 parts by
weight, and MgO or ThO, are each from 1 to 90 parts by weight.

In another embodiment, the catalyst and binder system can be used to adsorb ions
25 from a gas or liquid stream. In one embodiment, the system comprises colloidal alumina as
a binder, aluminum oxide and copper oxide. In yet another embodiment, the colloidal
alumina is from 1 to 98% by weight, the aluminum oxide is from is from 1 to 98% by
weight, and the copper oxide is from 1 to 98% by weight. In a preferred embodiment, the

colloidal alumina is from 10 to 40% by weight, the aluminum oxide is from is from 30 to



28 netal oxide or colloidal netalloid oxide binder and binder systemis
al so described in detail belowin the follow ng section Il. Additionally,
this colloidal netal oxide or colloidal netalloid oxide binder can be used

with an untrqal 8fsmsdeon- aci d enhanced) particle of this inveptipeedgor an

acid treated 5 (aci d enhanced) particle of this invention
descri bed above in section |I. This binder can be used on any ofthe particle
conpositions of this invention referred toS@bove or bel ow, whether acid

enhanced or not. Additionally, the particles and systens described bel ow
under section T0% hyaveigbt andtheicppper axideis fiom | ta20e by weight. dTheicnuthatds adsorbgd
enhanced) as d ' . o . l . ferr |

aggl oner at ed plg“rs'lii ?%:sﬁ)gglls;%ggl\é é&qaéﬁg}a" ‘8%" go'é’(r% oéoﬁpi{o?}{'%{aqa&g? H gg’ ﬁgﬁeré&e
col | oi dal al um na goes through a transformati on stage and cross-links with

itself from25[err]C to 400[err]C preferably 250[err and/ or. ca -
cross-link with the‘“ﬂﬁ?‘f‘?’c‘f“&’."dﬂ'ﬁlﬂ‘f’@F%FXF“’@PPW_E%F"EFQ!@L@] R b PR 1 |

it is sufficiepirdidte Sorhy AurhR0R \Rideedify 0xidetng dbppér Stidel In another embodiment
tenperatures of from25[err]C to 4007 err]C. Preferably, fromabout 1 to

99. 95by wei ght the sysiem epmyrisedz collgidalalgning bipderand the patticleiromprises jaluminumyexid¢ s
col | oi dal al u%aco%er%%depi dal silica to

In another embodiment, the catalyst and binder system can encapsulate a
contaminant within an adsorbent particle. The acid enhanced adsorbent and/or catalyst
10 particle of section I above and the binder and oxide adsorbent and/or oxide particle of this
section II may be used to encapsulate a contaminant. Upon heating the adsorbent particle
that has adsorbed a contaminant to a sufficient temperature; the pores of the particle will
close and encapsulate the contaminant within the particle. In one embodiment, the curing
temperature is from 450°C to 1200°C, preferably from 600°C to 1200°C. Upon heating
.15 the particle or the binder-particle system, the pores of the particle, binder or both will close

and encapsulate the contaminant.

The acid that is used to enchance the particle of section I above and the acid used to

cross-link the binder and oxide adsorbent and/or catalyst particle of this section can also

20 behave as a blowing agent. The term blowing agent is defined herein as any reagent that
can modify a physical property of the particle. Examples of physical properties that can be
modified include but are not limited to surface area, pore area, bulk density, skeletal density
and porosity. In one embodiment, the blowing agent can b.e'an acid, preferably acetic and
nitric acid. Not to be bound by theory, it is believed that the acid can bind with the particle

25 of section I during acid treatment or enhancement or the aé:id can bind to the binder and/or
oxide adsorbent and/or catalyst system of this section durit_ig__ the kneading and extrusion
steps. The complex then decomposes during the curing step to produce gasses. The
resultant gas departs from the particle, which results in an increase in surface area, pore
area bulk density, skeletal density and porosity. By varying the physical properties of the

30 particle, the activity of the adsorbent and/or activity of the Eatalyst can be enhanced.



provi de the necessary crosslinking during heating to bind the aggl onerated
particle into a water-resistant particle. The particle can then wthstand
exposure to all types of water for an extended tine and not disintegrate.
20 The binder &aQ,Re1 Xed with the particle before or after pcifssnessss
treatnment of this invention. In one enbodinent, the agglonerated particle
I's made by mxing colloidal alumna with the adsorbent particles.
Typically, fromabout 1 to about 99.9% by wailght, 10 to 35% by wei ght, or
from20 to 99% by weight of the m xture is colloidal alumna. In 25

one enbodi nent, the jeanother embridimant,dh ipvention relatssdd agpmpositipncfer binding adsprhgnt

such as, for exanple.. nitri I L C, LG LG
formc, phosphoﬂln@?r cgﬁaéytl[r%pgﬁ ﬁ%"gg’ ;}rﬁ@c&o g#!&g%%{eg ﬁ%@&'ﬁ %ﬁ#ﬁﬁl@gé F(gloljdsa] 5%
nitric acid E ol u}e:tabbxidl_e gr wﬂetdbleﬂetﬂmf ; "%mti {b)tanacidc inlthisscomposition imonec or
aromatic carboxylic _acid. In a preferr enpbqdinment , . the acid.is efic
acid. The coll oP@HPdlﬁ‘F%ffﬁhﬁ£°m?Qﬂ%?’B‘§rﬂ’ %ﬁﬁ&%fﬂ%@!@%%ﬁe@m%&?e&@&é%r e
thoroughly 30  aumina or collbidf Sli6P 18 thi§ CompoSiBbR, iRoRUMUBRARNE th RRrs Béetidlatid

el enents. The additional acid solution is
5 or nitric acid.

In another embodiment, the invention relates to a method for binding adsorbent
and/or catalytic particles, comprising the steps of:
(a) mixing colloidal alumina or colloidal silica with the particles and an acid,
10 (b) . agitating the mixture to homogeneity; and
(c)  heating the mixture for a sufficient time to cause cross-linking of the
aluminum oxide in the mixture.
In one embodiment, the colloidal alumina or colloidal silica is colloidal alumina. In another
_ embodiment, the colloidal alumina is from 20% to 99% by weight of the mixture. In

15 another embodiment, the acid is nitric acid.

I. ANCHORED ADSORBENT AND/OR CATALYST SYSTEM

The use of organic and inorganic materials as catalyst systems is known in the art.

20 These catalyst support systems are capable of binding with a homogeneous catalyst. A
homogeneous catalyst is defined as a catalyst that is in the same phase as the reactants.
There are two main advantages to using a catalyst suppoft system in combination with a
homogeneous catalyst. First, the homogeneous catalyst that is bound or complexed to the
support is recoverable after the reaction is complete. A number of homogeneous catalysts

25 that are used in the art are expensive to manufacture; therefore, the recovery of these
materials is important. Second, the support can enhance the activity of the anchored
homogeneous catalyst. An anchored catalyst is defined as a catalyst that is bound to &
support system.
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29 added and further mxing is perfornmed until the m xture reaches a
sui tabl e consi stency for aggloneration. After agglonmeration is conplete,

t he aggl oner %f&%%ticl es are heated or dehydrated to causgetbSsfondskOi dal
al um na crosslinking to occur. The particle of this invention bonds w th

the contam nant so that the particle and 5 contam nant are
tightly bound. This bonding nmakes it diffifult to renove the contam nant
fromthe particle, allowing the waste to be disposed of into any public
| andfill. Measurendibesomplexaionhafia catalyst taatsinerd support, foh exapple!, & pblgmenduch hs s

i nvention using,an EPA Toxicity Characteristic, Leachabil.i Pr ocedur.e
(TOLP) tost kriEHREDe e e e R of eftfpsi a5ispiEh SR BRPRaHa TP HEA & TEY o very
strong i nt er acdxides adEkaHae BugpbRs Rive lais6 béeéh udéd &itérBively b ¢htdlyie rddetions, A review and
the contami nants such that the contanmnant is held very tightly. 11. BINDER
AND OXI DE ADSOfBRetprodasabystscygiens igdisglpsedin Valentimges /., "Technological Perspective,

accordance W @ ol Ut DropiratioRl-ach Wit 588 DRSPATERAL PoraBfizPppad v

descri bed herein I'S 1 nventl I'n’ one aspect,’rela for

prodéici ng an @8el0pe982; Ritiniiane? alatliugsdl Selectivities itciydryfotmyhationsCatalyizedbyi )

mxing Cor’rponeﬂﬁdtlysme(%p I’ci'lesdl eg'bonylhydrotris(triphenylphosphine)rhodium," J. Am. Chem. Soc. Vol
98(17), pp 5402-5, 1976; Jacobson et al., "Selective Hydrogenation of 4-Vinylcyclohexene
Catalyzed by Polymer-Anchored Carbonylchlorobis(triphenylphosphine)iridium," J. Mol.
Catal. Vol. 1(1), pp 73-6, 1975; Pittman ef al. "The Vinyl Reactivity of

10 (5-Vinylcyclopentadienyl)dicarbonylnitrosylchromium. A Novel Vinyl Organometallic

Monomer", Macromolecules Vol. 11, pp 560-565, 1978, and Cotton et al. "Advanced
Inorganic Chemistry; A Comprehensive Text," 3rd edition, pp 620-801, 1962,

Although a number of support systems are known in the art, they are limited in that
15 current polymer supports systems are limited to reaction conditions where the polymer is
stable. The prior art support systems are composed of an organic polymer backbone, or

single component metal oxide system.

In one embodiment, the invention relates to an adsorbent and/or catalyst and binder
20 system, comprising;
(a) a pendant ligand substituted or unsubstituted binder, and
(b)  a pendant ligand substituted or unsusbtituted oxide adsorbent and/or oxide
catalyst particle, '
wherein at least one of components (a) and (b) is pendant ligand substituted, and

25 wherein component (a) is cross-linked with component (b).

The unsubstituted binder and unsusbstituted oxide adsorbent and/or oxide catalyst
particle is defined herein as a'particle that has free hydroxy! groups that have not been
substituted with an organic or inorganic pendant ligand moiety. The binder and oxide

30 adsorbent and/or oxide catalyst particles and system discussed in the previous section



a) a binder conprising a colloidal netal oxide or colloidal netalloid 20
oxi de, b) an oxi de adsorbent and/or catalyst particle, and c) an
acid, ii) renoving a sufficient anmount of water fromthe mxture to
cross-llnk conpgesiage @ and b to form an adsorbent and/or catpgrysyrevs

bi nder system 25 In another aspect, the invention provides for an
adsorbent and/or catal yst system made by the processes of the invention.
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30 I n one aspect, the invention provides an adsorbent and/or cat ale%st and

bi nder syst em centisled $Binderantl OxitisrAdsorentiand/onOaide Eptalyst Fystere ganbe yredps the ast
one type of oxi lcxlx?suggl E&) ﬁmler%ﬂ&] G&Ebﬁlﬂh@ -g)ﬁ&e ﬂﬁ&rl)étﬁlaﬁdlor oxide catalyst particles and

systems.

In one embodiment, the binder can be a colloidal metal oxide or a colloidal
5 metalloid oxide, preferably colloidal alumina, colloidal silica, a colloidal metal oxide
wherein the metal is iron, or a mixture thereof, and even more preferably colloidal alumina,

colloidal silica, or a mixture thereof, and even more preferably colloidal alumina.

In one embodiment, the oxide adsorbent and/or oxide catalyst particle is pendant
10 ligand substituted. In another embodiment, the binder is pendant ligand substituted. Inan
another embodiment, the oxide adsorbent and/or oxide catalyst particle and the binder are
both pendant ligand substituted.

The substituted binder and oxide adsorbent and/or oxide catalyst system

15 independently contains at least one pendant ligand. A pendant ligand is defined herein as a
moiety having at least one complexing group and, optionally, a tether end. The complexing
group is typically the moiety of the pendant ligand used to attach or bind to a metal
complex, wherein the metal complex can be a homogeneous catalyst that is known in the
art and are disclosed, for example, in Collman et al., "Principles and Applications of

20 Organotransition Metal Chemistry,” Ch. 2, 1987, can be used herein. In one embodiment,
the complexing group is a group with a lone-pair of electrons. In this case, the complexing
group can bind to another moiety by way of a Lewis acid-base interaction. Examples of
groups that possess loné-pairs of electrons and can bebave as complexing agents include
but are not limited to a hydroxyl group, an ether, a thiol, a thioether, an amine, a mono- or

25 disubstituted amine, a phosphine, a mono- or disubstituted phosphine or a mixture thereof.
Typically, the pendant ligand has a tether group {or “tether end”), but herein there are
embodiments wherein the complexing group can direct bond to the binder/oxide adsorbent

and/or catalyst system without a tether.



In yet another aspect, the invention provides a nmethod for reducing or
elimnating 5 the anobunt of a contamnant froma |iquid or gas
stream conpri sing contacting the adsorbent and/or catal yst binder system

with the cont@@ﬂ,g;gsoin the streamfor a sufficient tine toJﬁﬁ%&%ﬁoﬂﬁs
elimnate the anmount of contam nant fromthe stream |n yet another aspect,

the invention provides a nethod for catalyzing the degra- 10
dation of an organi c conpound conprising c@datacting the organic conpound
wi th the adsorbent and/or catalyst systemfor a sufficient tine to catalyze

the degradation of Hnothgperisodintsipehecbmplaxing@roupvah be in aspmbdted driganic
I nvention provides net hod fqr reducing or, elim.nagin

ng 15 . the
amount of a coffPRR ntHfUnPAtRATeY OFRARICIRQIRtE FANRE bk is 210y Wikl tg s elis agyclic or
contacting t heaRaRAE MRkt A0 GhEmbohimin Sthe %mﬁﬁﬁi&@r%cﬁn&e@_%g% ﬁ.gl]gﬁ@m

contai ning a contam nant” _conpri sing an oxi ni trogen, an oXi

sul fur, car bonbwfdhastiligited kg an elefin, ar allyl, iadliene o7 trigheona mixturéithereof. Incyet apother
sufficient ti : el m n; le. -
T yet anot her BIRAHERGE SRct WhahRALE ol il B KA Choct crecr

adsorsbent and/ eheremtmis fiotm latod, prefedabdy fymtlaaB8conpri sing i) m Xi ng

conponents conprising a) a binder conprising a colloidal netal oxide or
colloidal netalloid

In another embodiment, the complexing group can be a cyclic:unsaturated organic
moiety. Examples of cyclic unsaturated organic moieties include but are not limited to
cyclopentadiene, cycloheptatriene, cyclooctadiene, cyclooctetraene or a mixture thereof.

10

In another embodiment, the complexing agent can be an aromatic unsaturated

organic moiety. Examples of aromatic unsaturated organic moieties include but are not

limited to benzene, naphthalene, anthracene or mixtures thereof.

15 The pendant ligand moiety can also have a tether end. The tether end connects the
complexing group end of the ligand to the binder or oxide adsorbent and/or oxide catalyst
particle. If no tether is present, the complexing group is directly attached to the binder or
oxide adsorbent and/or oxide catalyst particle. The tether end can comprise an aliphatic
group, an aromatic group, a silyl group, a siloxy group or a combination thereof or an

20 oligomer or polymer thereof. The length of the tether end can vary depending upon the
end-use. In one embodiment, the tether end can be an aliphatic or aromatic group that is
from 1 to 20 carbons, preferably from 1 to 10 carbons, and even more preferably from 1 to
5 carbons. The tether end can be branched or unbranched and substituted or unsubstituted.
In another embodiment, the tether end can be a silane, a polysiloxane, a mixed

25 hydrocarbon-silane, a hydrocarbon-siloxane, or a mixture thereof.

In another embodiment, the invention relates to-an anchored adsorbent and/or
catalyst and binder system, comprising: o

(a)  apendant ligand substituted or unsubstituted binder, and



oxi de, 25 b) a first adsorbent and/or catalyst
particle that does not cross-link with the binder, and c) an acid, ii)
renoving a sufficient amount of water fromthe m xture to cross-1Iink

conponent a towd sRirige t hereby entrappi ng and hol di ng conponepér/isetiobdds N
WO 97/ 47380 '

PCT/ US97/ 09938 31 the cross-1linked binder, to forman adsorbent and/or
catal yst and bi nder system In another aspeci the invention relates to a
conposition for binding adsorbent and/or catalytic particles to produce, an
aggl oner at ed parti cl &)conppeudandisand substituted or unsusbtitugest axiflepdsorpent and/ergxifle or
coll oidal netalloid oxide . cid. In another aspect the invention
relates to a kit for bi nd?ﬁggséég%)lflg’enta and/or catalytic

(c) ametal complex,

wherein at least one of components (a) and (b) is pendant ligand substituted,
wherein component (a) is cross-linked with component (b), and wherein the metal

5 complex (c) is bound to component (a) and/or (b).

The pendant ligand substituted binder and oxide adsorbent and/or catalyst system
described above can be incorporated with a metal complex. As discussed above, the
pendant ligand possesses a complexing group which can bind to a metal complex (c).

10 Examples of metal complexes that can be bound to the substituted binder and/or catalyst
system include but are not limited to a metal salt, metal carbonyl complex, metal phosphine
complex, metal amine complex, a metal hydride complex, a metal olefin complex, a metal
acetylene complex, a metal polyene complex, a metal halide complex or a mixture thereof.
In one embodiment, the metals that can be used in metal carbonyl complexes, metal

15 phosphine complexes, metal amine complexes, metal olefin complexes, metal acetylene

' complexes, metal polyene complexes, and metal halide complexes include the transition,
lanthanide and actinide metals.

In one embodiment, the metal salt can be a halide, a carbonate, an oxalate, a
20 bicarbonate, or a carboxylate as the counterion and lithium, sodium, potassium, rubidium,
cesium, francium, magnesium, calcium, strontium, barium, radon, the transition metals, the

lanthanide metals or the actinide metals as the metal moiety.

In another embodiment, the metal carbonyl can be a mono-nuciear or poly-nuclear
25 binary carbonyl of a transition metal. Examples of metal carbonyls useful in the present
invention include but are not limited a mono-nuclear or poly-nuclear mixed carbonyl-
phosphine, carbonyl-phosphite, carbonyl-olefin, carbonyl-acetylene, carbonyl-

cyclopentadienyl complexes; carbonyl-hydride, or carbonyl-halide of a transition metal.



particles to produce an aggl onerated particle conprising (a) a coll oidal
nmetal oxide or colloidal netalloid oxide and (b) an acid. 10 In yet another
aspect, the invention provides a nmethod for binding adsorbent and/or

catal ytic panrgé conprising the steps of: (a) m Xxi ng |

al um na or cc}ﬂ)g%lﬁgﬁo silica wth the particles and an acid; Q?JB))UQ&'%E%& ating
the m xture to honbgeneity; and 15 (c) heating the

m xture for a sufficient tine to cause cro8s-1inking of the al um num oxi de
in the mxture. Wien the systemacts as an adsorbent, the adsorbent and

bi nder system of t Ifhe sibstinmed hindehamsl oxideradsartiend andforatalystisystgmarap bé used as a

features. In o ﬁp%ggi In& system,of 20 hi.s i.nyention can
adsorb a Iarge@s%m) nt o Btgg,gtélr;'ga %ﬁ6%'?plﬁ’ﬁi“f%"i;’cﬁcﬁr?éa&coﬁé‘r’:’dﬁfﬂ‘o B O¥sor bent
particl es tharembodiment, tieer seceandchtalyst dan be s homogenesdsadialyst (A mirfiteer afisor bent  and

bi nder system,of this invention can reduce the &ion'centration T

. " f
Cont ani nant s IOMOBENSPS Fatalyss aTF ki ip the st s aes dieplosed inEarshalh T Homogenpays o
than is possi bfalydis 1980 PRakpley Sk HBmoRéreSts @faly: &m@apﬁé%ﬁ&' o
parti cul ar enbodi #ént s, t hemggsor bentoear?d sbi nayes'r systemo trﬁ?gs tg%
i nveAtion can subditued binderand oxidé adsorbentand/on catalyst systémminglude bus are rtod limisedty
detectabl e | eVa%ﬁrogenation catalyst, an oxidation catalyst, a hydroformylation catalyst, a reduction
catalyst, an isomerization catalyst, a polymerization, a carbonylation catalyst, a reforming

catalyst, an olefin metathesis catalyst, a Fischer-Tropsch catalyst, a gasification catalyst or

a mixture thereof.
10
In another embodiment, the invention relates to a method for producing a pendant
ligand substituted adsorbent and/dr catalyst system, comprising:
@) mixing components, comprising:
(@  apendant ligand substituted or unsubstituted binder comprising a
'15 colloidal metal oxide or a colloidal metalloid oxide,

(b)  apendant ligand substituted or unsubstituted oxide adsorbent and/or
oxide catalyst particle, and
(c) anacid,
wherein at least one of components (a) and (b) is pendant ligand substituted,
20 and
(i) remc;ving a sufficient amount of water from the mixture to cross-link
components (a) and (b) to form a pendant ligand substituted adsorbent
and/or catalyst and binder system. '

25 The method further comprises(iii) binding a metal complex onto the resulting
system of step (ii) to form the anchored catalyst system.

The unsubstituted binder and unsubstituted oxide adsorbent and/or oxide catalyst
particles of the present invention can be converted to the pendant ligand substituted analogs
30 using techniques well known in the art and are disclosed in Eisen ef al.,"Catalytic Activity



Adsorption is a termwell known in the art and should be distinguished from
absorption. The adsorbent particles of this invention chemcally bond to
and very tightly retain the adsorbate naterial. These chem cal bonds are

i oni c and/ or GRWakgRke i N nature. WD 97/ 47380 PCT/US97/09938
PCT/ US97/ 09938 32 The catal yst and bi nder system of the invention can al'so

be used for the catalytic deconposition or remediation of contam nants. The
catal yst system achi eves i nproved catal yti CSBerfor mance or catalytic

properties neve een_befqre f ticul ar, tam .. 1N
and/ or catal yst roﬁgﬁ“‘_blr'ﬂg@?%’g? ﬁéﬂ%ﬁ%@ﬂép@%@& ggb??'g%n pﬁ@@gﬁﬁ@%ﬁ
bel ow to form admgn%tejl‘%aeurstn Nagle &pm%%lghﬂg{)ggi,ﬁz?.wgﬂ@eﬁgm,m! s can be at

room5 erature for cert ~applications. The binder
conpri ses an ox{"Hydrpgenafien Cataljtic Activity pfSubstituted CyslopestsdienyloEitaniunfeomplexes t he

oxNeT, Ox111e SO G o By BSEhl ) £ 51 loce M 9 Ol 05 VR
dryi ng by for i 8Q9(¢))ppi7e84, 1996; Doi et al. "Metal Cluster Catalysis: Preparation and Catalytic
5 Properties of Anionic Triruthenium Clusters Anchored to Functionalized Silica,” Inorg,
Chim. Acta, Vol 105(1), pp 69-73, 1985; Doi ef al. "Metal Cluster Catalysis: Preparation
and Catalytic Properties of a Tetraruthenium Cluster Anchored to Silica via Phosphine
Ligands," J. Mol. Catal., Vol 19(3), pp 359-63, 1983, which are hereby incorporated by
these references.
10
The reaction between the unsubstituted 1) binder and/or 2) oxide adsorbent and/or
oxide catalyst particle and a hydroxyl-reactive compound produces the substituted binder
and oxide adsorbent and/or oxide catalyst particle. In one embodiment, the unsubstituted
binder reacts with a hydroxyl-reactive compound to produce a pendant ligand substituted
15 binder. In another embodiment, the unsubstituted oxide adsorbent and/or oxide catalyst
. particle reacts with a hydroxyl-reactive compound to produce a pendant ligand substituted
oxide adsorbent and/or oxide catalyst particle. In another embodiment, the unsubstituted
binder and an unsubstituted oxide adsorbent and/or oxide catalyst particle react with a
hydroxyl-reactive compound to produce a pendant ligand substituted binder and a pendant
20 ligand substituted oxide adsorbent and/or oxide catalyst particle. The pendant ligand
substituted binder and a pendant ligand substituted oxide adsorbent and/or oxide catalyst
particle may have free hydroxyl groups that have not been substituted with the pendant
ligand. Once the substituted binder and/or oxide adsorbent and/or catalyst particle have
been prepared, they can be combined using the techniques described above for preparing

25 the binder and oxide adsorbent and/or catalyst system.

The hydroxyl-reactive compound is any compound that is capable of reacting with
the free hydroxyl groups of the unsubstituted binder and oxide adsorbent and/or oxide
catalyst particle. The hydroxyl-reactive compound also possesses a complexing group and

30 can have a tether end as described above. In one embodiment, the hydroxyl-reactive



10 bonds with itself and with other oxides. Under acidic
conditions, the binder has a | arge nunber of surface hydroxyl groups. In
one enbodi nent, the binder, which is designated as B-OH, cross-links with

itself upon t\bﬁﬁlﬁ-’ﬁﬁo of water to generate B-O-B. In additi opcgfRsfigssdsi NKi ng
with itself, thé binder B-OH can also cross-link with an adsorbent and/or

catal yst oxide conplex (MO or hydroxyl conplex (MOH) to produce B-OM
The adsorbent 15 and/ or cat al yst 58onpl exes are referred to herein
as oxi de adsorbent and/or catal yst particles or oxide adsorbent and/or

oxi de cat al yst cerapaund cansbe analkylating ageat, ag alcobol, & ¢aeboprlic dcis), an orgaie esteradn have

adsor bent, cat .l . ' r ' | de
and/ or hydr oxi §Jgﬁé%%nplry§§(ld§$ﬂ§@§i§ h?s? P%gggrlﬁa@éﬁxbfg@tcgﬁ]&%%h@&@ lflﬂgd%’)ﬁr ee
di nensi onal nesiloxy kompou} an orgadicoacid Imlitlé) an orgnio pethforpate bf & mbaura tieréofL frda
together with B-Q B an -O M 2 . bonds. The resultin stem can
be used as an a&%%@ﬂ'gogwwegﬂfawgmgﬁmmww P%ﬂgeéngmeg
sonetines refe Rrréd l%g‘)@ iCdnCatlivhdeie ok Sa ﬁl@{a-

metal | oi d oxi dg{oﬁjﬂg. cof‘?g?%gl%%gt@glﬁ oxi deE'E)tr1 col F‘(‘)aiqgglt‘ met a??géligb'o%%ng)

bi ndér " as def emboflimentcthe aliphaticorargliphaticcgreupceampe fromnito20patbans, prefarghly frowi d

m xed 25 XJ Qﬁqi t?%‘ | r ]%"! :g ' mguch that

t he wei ght | os% t? rl%ﬁqa{-?#é% co. %ﬁgfe%n% a ng%n% al T'ol gogﬁgd’;eﬂpgﬂhﬁ e? due to

| oss of wat er axatiphatig groupocan be bianokedloruabrafidhéd arfd substihfiéd orhfsobstiadh Inr 50

. . ; :

to 95%of the Elrrx]oe rr%}nbgtﬁlne% Et gi'iylavtﬁlg Qént l:acr)l Se used. %Olfyggngf e{g%rqt]s tu.t.]e%xl%lxj the present

invention include but are not limited to alkyl and aryl silyl halides. In another embodiment,
10 the silylating agent can be a silane, a polysiloxane, a mixed hydrocarbon-silane, a

hydrocarbon-siloxane, or a mixture thereof.

Once the substituted binder and oxide adsorbent and/or catalyst system has been

prepared, a metal complex can be bound, such as complexing, coordinating, chelating,

15 bonding, to the resulting system. Techniques for incorporating or binding the metal

' complex in the support are disclosed in Gates, "Catalytic Materials," Chapter 12, pp
301-320, in "Materials Chemistry; An Emerging Discipline," Edited by Interrante, L. V.;
Casper et al. in "Advances in Chemistry Series 245, American Chemical Society,
Washington, D.C. 1995, which are hereby incorporated by these references. Examples of

20 techniques used to incorporate the metal complex onto the support include but are not
limited to vapor deposition, incipient wetness, aqueous impregnation or non-aqueous

impregnation.

In another embodiment, the invention relates to a method for producing an

25 adsorbent and/or catalyst and binder system comprising
i) mixing components comprising
a) a binder comprising a colloidal metal oxide or colloidal metalloid
oxide,

b) an oxide adsorbent and/or oxide catalyst particle, and

30 c) an acid,



metal or netalloid hydroxide to the corresponding pure netal or netalloid
oxi de. The | oss of water on going fromthe pure nmetal or netalloid
?ydrOX|ﬁe to the correspondi ng pure 30 metal or netalloid oxide
e.g. the convgipodsamsef N MOH)[err] to err err] and Hrervgsoramssor e
WD 97/ 47380 M 1q ] y i

PCT/ US97/ 09938 33 specifically from2 A (OHJerr] to Alferr](Jerr] and 3
H[ferr]O) ||s deflped as 100% of the water weight Ioss Thus, the weight | oss
refers to | oss of water based on the initial wei wat er not .he total
initial binder weighfi). moym%saﬁielsmmﬂ%mfwt °éﬂt F““FFB’E"&{’ m‘

hydr oxi des, hydr oxi de oxi gﬁﬁoﬁ £t%n | Vitdm.
such that, loss or renova on@rﬂ?er rom gﬁan%stlﬂge ord}rzr’lpata ?%lagd%ﬁg?§m des
pr oduces t he cor r espdif)di n@abt;ngnwledﬂtamddmberﬁmd/orcatalystam:mm@m gfstep iy

| oss or renoval of water Q ondi n t es.
Through this continuumt hg'"?{aé‘ﬁ%?ﬁ'f%ﬂ?ﬁvo O"Eﬂpmgd Oer pr Sgﬁggké%uﬁitaéﬂﬁgs,
where Mis a netal or net gkil©adiorbdtandrar bxide cutalyst andbimdec systermuum except

for the pure netal or netalloid oxides, are suitable to serve as colloida
metal &r colloidal oxide binders in this

Treatment of the unsubstituted binder and oxide adsorbent and/or catalyst system

o

with the hydroxyl-reactive compound produces the pendant ligand substituted binder and
oxide adsorbent and/or catalyst system. In one embodiment, the unsubstituted binder
reacts with a hydroxyl-reactive compound to produce a pendant ligand substituted binder.
10 In another embodiment, the unsubstituted oxide adsorbent and/or oxide catalyst particle

reacts with a hydroxyl-reactive compound to produce a pendant ligand substituted oxide
adsorbent and/or oxide catalyst particle. In another embodiment, the unsubstituted binder
and an unsubstituted oxide adsorbent and/or oxide cata'lyst particle react with a hydroxyl-
reactive compound to produce a pendant ligand substituted binder and a substituted oxide

15 adsorbent and/or oxide catalyst particie.

Once the pendant ligand substituted binder and oxide adsorbent and/or catalyst
system has been prepared, a metal complex can be incorporated or bound onto the support

using the techniques described above to produce an anchored catalyst system.

20
In another aspect, the invention relates to an anchored adsorbent and/or catalyst and
binder system, comprising. |
(a)  abinder, and
(b)  an oxide adsorbent and/or oxide catalyst particle, and
25 (©) a metal complex,

wherein at least one of components (a) -and (b) is pendant ligand substituted,
wherem component (a) is cross-hnked wnth component (b), and wherein the

metal complex () is bound directly to component (a) and/or (b).



invention. 10 In another enbodi nent, the binder systeminvolves the use of
a binder in conbination with a particle with few or no surface hydroxyl
groups, such that the particle does not cross-link or only nomnally

cross-links WebBrhfgy bi nder. Exanples of particles that possggriosedgon nal
anounts or that cfo not posses surface hydroxyl groups include 15 -

particles of netals, such as, but not limted to tin or zinc, or carbon. In
anot her enbodi ment, conponent b does not céfitain an oxide particle. Metal

al l oys such as bronze can also be used. In a preferred enbodi nent, the
particle is activatlostilhyetiapother aspech ithe ioveption reiates,to & imethividiforproducingsanl i nks

wth itself in I be ove to forma three dinensional network
TR BBt SR

or matrix that physi scog‘gﬂ%?ﬁient b without cross- 20

| i nking or cross-|i@ki ngniging yomponents Ssoynpfisilg:] degree with conponent b. The
resul ting binder systemcan be,used as an adsorbent and/or catal yst system
In anot her enbodi ment, t®k i APindes comprisinga c @HW@“E@WW@?”W@Mi ng
an adsorbent and/or catal yst oggd bi nder system conprising 25

i) m Xi ng conmponents conprising a) a binder conprising a coll oidal
met al5 oxi de or col | oi dal(bhet ah psideladsorbent and/or oxide catalyst particle, and

(© an acid,

(i)  removing a sufficient amount of water from the mixture to cross-link
components (a) and (b) to form a pendant ligand substituted adsorbent
and/or catalyst and binder system, and

10 (iii))  binding a metal complex directly onto the resulting system of step (ii) to
form the anchored catalyst sjstem.

In this embodiment of direct binding, the metal complex is bound directly to the (1) binder -
and/or (2) the oxide adsorbent and/or catalyst particle. The hydroxyl groups on the binder
15 and the particle can behave as a complexing group as described above and can directly bind

a metal complexes.



oxi de, b) ~a first adsorbent and/or catalyst particle that does not
cross-link with the binder, and 30 C) an acid,
WD 97/ 47380

PCT/U897/0993&W§4,k5', removi ng a sufficient anount of wat epciiusymdobss

m xture to cross-?in conponent a to itself, thereby entrappi ng and hol di ng
conponent b within the cross-1linked binder, to forman adsorbent and/or
catal yst and bi nder system further conpri$lng a second adsorbent and/or
catal yst particle that cross-links with the 5 bi nder, thereby
cross-linking the binder and the second particle and thereby entrappi ng and

hol ding the fi ﬁ%}’%&%ﬁ within the cross-linked binder and/or within the
cross-1linked bihder an Jgg%'ond particle. In this enbodi nent, the system

conprises a binder and oxide
The following examples are put forth so as to provide those of ordinary skill in the

art with a complete disclosure and d&scﬁption of how the compounds claimed herein are

5 made and evaluated, and are intended to be purely exemplaty of the invention and are not
intended to limit the écope of what the inventors regard as their invention. Efforts have
been made to ensure accuracy with respect to numbers (e.g., amounts, temperature, etc.)
but some errors and deviations should be accounted for. Unless indicated otherwise, parts
are parts by weight, and % is in weight %, temperature is in °C or is at room temperature

10 and pressure is at or near atmospheric.

Example 1

Enhanced aluminum oxide was made by the process of this invention using the

15 following steps:

i) Gamma aluminum oxide particles were produced by calcining Al(OH); at a
temperature of 550-560°C to produce calcined Al,O, of the gamma form.

20 i) 20 liters of this aluminum oxide were submerged in a tank containing 0.5% by
weight acetic acid in distilled water. The total volume of solution was 98.7 liters. The
alumina was allowed to sit in the acid solution for approximately 15 minutes to allow
saturation of the solution. The acid solution was drained off and the remaining alumina
was rinsed in a tank of 30 liters of distilled water. The distilled water was drained and the

25 remaining alumina was dried at a temperature of 121°C for 90 minutes.

The performance of enhanced aluminum oxide particles of this invention was
tested. Two chromatographic columns, each 25 cm. long and 1 cm. inner diameter,
equipped with a solvent reservoir were used for this experiment. Each column was packed

30 with 20 cc of the above produced enhanced aluminum oxide particles. Each column was

flushed with 100 ml of water using pressure from the nitrogen cylinder to obtain a flow rate



adsor bent and/or catal yst particles that cross-links wth the binder as
well as particles that have a |imted anount of surface hydroxyl groups,

whi ch do not cross-link with the binder. 1.0 In this case, the

bi nder cross \bbr}lﬁ?sﬁ(? itself and to the oxide conplex parti he

bi nder also fornms a network or matrix around the particles that have a-
limted nunber of surface hydroxyl groups. Binders that can be used in the
present invention are colloidal nmetal or mezalloid 15 oxi de

conpl exes. Col |l oidal as used herein is defined as an oxide group that has a
subst anti al nuwflapprogiinatelyi2(ml/per guimue SA tiést solation of approximeiely[ 260 ppb of lead wepieous

dia. This is t di sti ished fr th f the.t | ] oi d.
e Climed n' r e QuPEsiedoad e Rarase, b ot o o o Dibed olete ek sofiion ¢
typically snalvasipassed Bfough dich édifin idiip the Shind R5w dats. Thielinflubity thd Gotaldfiniear e t o
be all less than 1 [err]m_ Typically, the binder is un-calcined to maxi m ze

20 tfrem thed O ey volymes, gnditheieffiwent sample callected during thy tepthbegivolwiRee a
bst ant i al _ . oSty
rodt o ch e ezl K 1648 and AN N uiBRpedih Talle § SP5T 20N 1 Sdueous

bein§ less than | [err]m Exanples of binders include but are not limted
to. any netal or netalloid oxide conplex that has a substantial nunber. of

hydr oxyl groups] that can form a di sper mmw aqueous nedia. In one
enbodi nent, thg-25 hinder is tdal alunina__collaoidal
silica, colloidaltpstRUMBERIE| Wher STREAMBESIED S | T N, OFOTAL LEAD'
(ugm/liter)
1 Influent 211
Total effluent <5
Effluent end (10th bed volume) <5
10 2 Influent 229
Total effluent <5
Effluent end (10th bed volume) <5
"Lower limit of lead detection was 5 ugmliter.
15 This particle was also tested using the TCLP method (EPA method # 6010), and
the particle of the invention passed the TCLP test for lead.
Example 2
20 A comparison was made between acid enhanced alumina of this invention and non-

acid-treated alumina for removing lead. Both aluminum oxide particles were calcined at
550°C prior to the experiment. Enhanced gamma aluminum oxide particles of the present
invention were made according to the procedures of Example 1. Two identical five gallon
containers were filled with the alumina oxide for lead removal. One container was filled

25 with 16 liters of the treated alumina of this invention. The other was filled with 16 liters of
untreated alumina. Two tanks were prepared each containing 100 gallons of lead acetate
tri-hydrate spiked distilled water. The tanks weré mixed thoroughly for 30 minutes. After
30 minutes of mixing, the coﬁcentrations of the lead in thé- water were determined. The
lead containing water from each tank was passed through the containers of alumina. a total

30 of 80 gallons of spiked water (19 bed volumes) were passed through each of the containers



a mxture thereof, preferably colloidal alumna or colloidal silica. In
anot her enbodi nent the binder is not colloidal alumna or colloidal silica.
Col | oi dal al um na can be a powder, sol, gel or agqueous di spersion.

Col | oi dal al urrwba’ be further stabilized with an acid, prej®egsdhposs tric
acid, and even nore preferably 3 to 4%nitric acid. In a preferred 30
enbodi nent, the colloidal alumna is un-calcined with a sufficient nunber
of hydroxyl WO 97/ 47380 63

PCT/ US97/ 09938 35 groups such that the total particle weight |oss (as

di stingui shed f avarflgwsite af6Zgallons pghminuiss sArjefBuent water sampleyas jpkas anghe 19tBn i s

bet ween from 5%t 4% re ef er-ahl v+ 9 %: |

al um na si ze i s%ﬁ‘?‘éﬁ‘é‘}‘%ﬁﬁw‘ﬁrﬂﬁwr@% %ﬂ %‘8 ’Tlge&:r/ mRt %‘rl‘eé?lgr%\g?rgmg# Qfﬂggétf d'30
Wt % is | ess thamheeshieydfithe wstslaresetfoith insTablessbeldvan 100 [err]m The
colloirdal silica is preferably un-calcined with a sufficient nunber of

hydr oxyl groups such that the total particle weight 5 | oss upon
ignition is betwegmfTom 5% T0 37% NOTE prerLeraply rrom 20%to0 31% IHe
col loirdal silica dqize is preferably from ABLEZ 250 [errlm preferably at

least g0 W% is |gSS papmicie INITIAL LEAD EFFLUENT PERCENT
Calcined @ 550°C CONCENTRATION CONCENTRATION REDUCTION
PARTICLE (%)
(mgfl)
Non-acid-treated 1.24 0.58 s3
aluminum oxide
10 Acid treated 1.44 0.39 73
aluminum oxide

of the invention

15 Example 3

a comparison was made between treated alumina of this invention and non-treated
alumina for removing phosphate. Cﬁi—rho aluminum oxide particles were produced by
calcining AI(OH), at a particle temperature of 480-520°C. Enhanced chi-rho aluminum

20 oxide particles of the present invention were acid treated according to the prbcedure of
step (ii) in Example 1. The performance of the particles was measured using the same
procedures of Example 1, except that one chromatographic column veas filled with 20 cc of
the treated alumina and the other column was filled with 20 cc of the untreated alumina and

the test solution was 9.3 mg/l of KH,PO,, and the results are summarized in Table 3.
25



than 25 pmand 95 % is less than 100 [err]m In one enbodi nent, the
binder is from1%to 99.9% by weight of the mxture, preferably from10%to
35% by weight. As used herein, the binder will be referred to as
“col | oi dal " phggui sh it fromparticle b, as the 10 PCTIUSO7/09938
conposition typés can be the same, e.g. both can contain al um num o0XI des
Al t hough prior art binders can be used in conbination with the binder
system of the present invention, these pri@ art binders lack certain
advantages. In the present invention, the activity is not degraded when
exposed to aqugous solutions. The syster.P so very 15 dUI’clb| e
and not subjec st
other prior ar{ ad®srbiet® anfl/ or gghsl yst jand biBFHEUENTYSt ens, PHREENTS
pol yvi nyl pyroliggne, sphf or_cel ] ul os AnteeRB t he
use of any pri¢r art @isg € aflsoFBeWHALR 4/ c§g§5| ﬁ?’yd E’?]labrﬁtslcle
or conposite p rb#fwwld#eam SIONGBNERATYgRe S| 10 INEP@%T*% bi nd&F sysdem
but replacing fhe prior art bi ndegnr#ybth t e bi nde(mgll) t he pri{e PHOSPHATE
|

i nvention. In ¢ne aspect, thg inv on prijovi des an adsor bent an&/fr
catal yst and bi mcboprising a hilnder that_has heed cro ] jnl

ed
with at | east OnNohuEa uRhte®@X| de adg‘grbent and/ or eafgal yst pgrti coges. Ii one
enbodi nent, cofrponent b conpfises at |east} two different typges of oxid
adsofbent 25 aluminum exide of cat al yst parfticles, to form a fcross- i nkilng

bet ween the bi nder,and bath Jarticbgs to 0.04 99.6

=

aluminum oxide of

the invention

10
This particle of this invention from the experiment was also tested using the TCLP
method (EPA method # 1311), and the particle of the invention passed the TCLP test for
phosphate.

15 Example 4

The ability of the particle of this invention to remove selenium was tested. Acid
enhanced gamma aluminum oxide particles (100% Al,0;) were made by the procedure of
Example 1.
20
5 columns were prepared using 0.875" LD. x 12" long glass columns, each with a
bed volume of ~95 mis of the above acid enhanced A1203 particles of this invention of
various particle sizes, ranging from 500 um to 4,000 um. Each bed was flushed with ~5
bed volumes of D.I. water by downward pumping at 5-6 gpmlﬁ2 cross sectional flow rate
25 (i.e., ~95 ml/min). a test solution was prepared with a calculated 1.5 mg/L selenium
concentration. a total of ~10 bed volumes (i.e., ~1 L per column) test solution was
pumped through each column using the same flow rate. During the test, the test solution

was continuously stirred at a low speed. During the tenth bed volume, an effluent sample



thereby forma conposite particle. In another enbodi nent, conponent b
conprises at least three different types of adsorbent and/or catal yst
particles. In a preferred enbodi mnent, conponent b conprises an oxide
particle, pref@fdlfssg nMetal oxide particle, and even nore prifRisshbsss
non-ceram c, porous netal oxide particle. Exanples of such particles
I ncl ude, 30 but are not linmted to, oxide conplexes, such as
transition netal oxides, |anthanide oxides, 65 WD 97/47380

PCT/ US97/ 09938 36 thorium oxide, as well as oxides of Goup [IA (I\/tt;, Ca,
Sr, Ba), Group frpmeagiscolyyn wascolleeted anid)analyzed for selgniumsiAlso:a single inflyent sample

G VA (As, S ' . OXIi %, | basi
anﬁ;(gri de(i S Su&ag%}%&ﬁe{iﬁm@%ﬁﬂ%&%iefﬁ{W'gﬁggﬁgkﬁﬁfgﬁ%ﬁ ,'acoﬁrs)l)(r:lent b

conpri ses an oxide of alumnum titanium copper, vanadium silicon,

manganese, iron, zinc, H@H—HH—W . e nmagnesi um
thorium silver, 5 cadm um t TABLEsfad, antinony, ruthenium
osm um cobalt or nickefor—zeotite, Typrgarty,  any oxidariomnjstate of the
oxi de-conpl exes may be Jusef ulSample Ithe pregent iToldReleWRM The ¢xi de
5 (particle size pm) mg/L
Influent 1.45
606 EFF (4,000 pm) 0.101
404 EFF (1,000 gm) 0.073
303 EFF (2,000 pm) 0.477
10 202 EFF (500 pm) 0.003°
101 EFF (3,300 pm) 0.121

Selenium detection limit was 0.002 mg/l

Il

Estimated value, less than calibration limit
15

Example 5

a combination particle of this invention was made and tested for its ability to
20 remove trichloroethylene (TCE). 70 g of acid enhanced gamma aluminum oxide particles
made by the procedure of Example 1 were mixed with 2O g of colloidal alumina, 5 g of
MnO,, and 5 g of CuO until the mixture was homogeneojiis. The particle mixture was then
mixed with 5% acetic acid solution until the mixture rea’ch’éd a suitable consistency for
agglomeration. The mixture was extruded and cut into a particle size of about 1,000 pm

25 and heated to 150°C for 15 minutes to crosslink the colloidal alumina.

The particle as formed above was tested for its ability to remove TCE from water.
Particles of the invention were challenged with various concentrations of TCE in water as

indicated in Table 1. Two custom made columns (40 cm X 20 mm) equipped with coarse
30 glass frits were dried packed with 10 mL volumes (measured with a 10 mL graduated



can be a mxture of at |east two netal oxide particles having the sane
nmetal with varying stoichionetry and oxidation states. In one enbodi nent,
conponent b conprises Al[err]Jerr], TiJerr], CuO Cu[err]O Verr](Jerr],
Sigerr], M [err]err], Mif[err]derr], ZnO WJe r],
Re[err]qerrﬁlsgg{g?drv?qerr], 10 - As[err]derr], M 1m_|s_ gerr],
Aglerr]O AgO CdO Sn®2, PbO FeO Fe[err]Jerr], Fe[err]Jerr],
Ru[err]Jerr], RuO, Gserr], Sb[err]Jerr§6 CoO Co[err]Jerr], N O or
zeolite. In a further enbaodi nent, conponent b further conprises a second

type of adsor rylindegradparticles:t Bheyoolumns were-ghellenged with Sx¢ HembalignoisiSrherh
titanium coppe | 1.1 C ' ' '
tungsten.  r honoueSERR ¥Eb slidel e ARRBIE VGRS Roflich Eldinuf fiiROSRS |
anti nony, rut (senhl Brlesaneyesflask,stoppered, and immediftely analyzed by padge and zapGOMS

activated carbon,, incl.uding .co coconut car , _peat, zing or tin., In
Aot har - enbod NS Bt ABmESEMAT Mpgariohires CCOY egBas it p Loigper atid
adsor bent and/g@pledbaderitoP@SC 20005 THe rédultshrddiinMfi£td in Taglesi um di oxi de,
copper oxide, vanadi um pentoxide, silicon dioxide, manganese di oxide, iron
oxi d&, zinc oxide, zeolite, activated carbon, peat, zinc or tin particle.
Typi cal zeolites useg=—TTrtiepresemt—TventT o Techode 720
type, "beta " type, fhordenite, and ZsNo TABLESpreferred enbodi nent,
conponent b conpri ses non-anor phous, [nonzcer.am crystall'ine, pofous,

cal ci ned al umi num oxj de that was producedm 5 °MﬁPW°¥F§“?WEWQPEr bor to the

cal cined al um num oxj de atsopbgerticl ¢ tGHAEK o}f ﬁ"‘fmn%r r #00[err]C
to 700[err]C, prefer ' - ' ﬂwﬁ‘z & Qpplﬁ
TCE in water 1.0 <50

10

Example 6

TCE adsorption and TCLP extraction procedures were performed as follows. a
20.0114-gram (about 24.50 mL bed volume) sample of the Al,0,/CuO/MnO, combination
15 particle of Example 5 (designated as 0307595TCE1) after treatment with TCE was wet
packed into a 50-mL buret (with removable stopcock) plugged with glass wool. The
sample was charged with five bed volumes of water. The sorbent material was then
quantitatively transferred into the. Zero Headspace Extractor (ZHE) apparatus into which
200 mL of water was added, appropriately sealed and agitated for 18 hours. The filtered
20 solution was collected in two 100 mL vials, stored in the refrigerator at 4°C until analysis
by GC/MS. The Finnigan MAT Magnum ion trap GC/MS equipped with a Tekmar liquid

sample concentrator (LSC 2000) was used for analysis.

The calibration curve procedure was as follows. a freshly prepared 50 ppm TCE
25 stock solution was obtained by dissolving 34.2 ul spectrophotometric grade TCE (Aldrich)
in 20 ml HPLC grade methanol (Fisher) followed by dilution to a liter. Dilution of this
solution (1000 pl : 1L) resulted in a 50 ppb TCE stock solution. All dilutions were
accomplished using deionized water. a calibration curve was constructed by purging 1.0,
0.50, 0.20, 0.10, and 0.050 ppb TCE solutions.
30



“which is a continuali

form The precursor to cal cined al um num oxi de can include but is not

limted to boehmte, 25 bauxi te, pseudo-boehmte, scale, A (OCH3

and alum na hydrates. In the case of other netal oxide conpl exes these

conpl exes can aygondmssocal ci ned or uncal cined. The adsorbent apgr@sonfussdam! yst

particles used in this invention can be unenhanced or enhanced by processes

known in the art or described bel ow For exanple, the particles can 30

be dried to be activated or can be of a comﬁ65|t|on or treated by ion or

el ectron beam or WD 97/ 47380

PCT/ US97/ 09938 37 aciThe eesulis\ase sebfordubeloMaancenent treat ment processes

di sclosed in applicants' two applications filed on Cctober 21, 1996 and

entitled (1) "Enhanced Adsorbent and Room Tenperature Catalyst Particle and
e ch is

;a contlnuatlon I n- PE

c filed 5 ,ﬂ
; Adsor bent Particle
: 5

®=  Notdetected. The fact that TCE in the sample is
less that 500 ppb (EPA TCLP limit)
characterizes it as a nonhazardous waste with
respect to TCE.
10

Example 7

a 100 ml. portion of 1000 ppm phosphorous (potassium hydrogen phosphate and
water) standard (Lab Chem, Inc.) was diluted to 2 litres. Aliquots (200 ml) of the resulting
15 stock solution containing S0 ppm phosphorous were tumbled for 24 h with duplicate
approximately 2 ml (dry) volumes (both volumes and mass measured) of each alumina
sample, and centrifuged. Acid enhanced gamma alumina oxide particles of samples Pblk
(CU), and Polk (CT) and acid enhanced chi-rho alumina oxide particles Pbhk (AU) and '
Pohk (At) were made by procedures of Example 1 except that the starting alumina “type” is
20 different as shown in Table 7, and that the calcining temperatures were different for the
four samples as shown in Table 7 below. These materials were challenged to determine the
capacity of the alumina to remove phosphate (PO,?) given the variables in starting
midterials arid treatment. Aliquots (0.4 mil) of the supernatant were diluted to 20 ml. To
each of these solutions was added, with shaking, 2 drops phenolphthalein (Fisher), followed
25 by 1 ml of ammonium molybdate reagent I and then 2 stops of stannous chloride reagent 1
(LabChem Inc.). Determination of aqueous phosphate was achieved by the measurement
of color, photometrically at 690 nm (path length, 0.5 ¢m) in a quartz cell and read in a
Shimadzu UV-2101PC, UV/VIS scanning spectrophotometer. All dilutions were

. accomplished using deionized water. The results are set forth below.
30



Met hod of Making and Using Therefor,” U'S. Serial No. 08/734,33 1, which is
a continuation-in-part of U S. application serial No. 08/662,331, filed
June 12, 1996, pending, which is a continuation-in-part of PCT/US95/ 15829,
filed June 12, 1995, pending, which is a continuation-in-part of U S
appl i cation sWPOZATRb 08/ 351,600, filed December 7, 10 PCT/USITIH8%, .
abandoned, the disclosures of both of these applications and all of their
prior filed priority applications are hef&in incorporated by this reference
in their entireties for all of their teachings, including, but not limted
to particle conpositions and nmethods of treatnent. The acid treatnent or

enhancenent nethod and particles is described above in section |. In one
enbodi nment tmmm‘mt& partTctre—tas—rot—beenr—actd
15 =YY s M ...B'ri.rnd to-crass-link the binddr
wi th conpondriP#b. THtgingi t|i Colsiniss |Washici d Roes Ardag Misidierd e} Mpdien| | |i Avereges| Gapacity
enabl es the {reacti or] Nuekiwe erelnpe Hi elent Andbrgdie |Psede Phore Pore | PO
particle. Ajstrong gr dil utjg,agid c g jused. Agilutp acid i referred
- to nininize|etching lof certfl ngpart i C ]'2%. Typi c4IT 5 FhEaae i@:wgi I u?%gd
with water tfo preverjt di ssdl ution [dfs®ee parti cl{éVdnd §@weakodtum BULK
effectivenegs. The gcid trdatnent jis preflerably g a cpggentrjation [i.e.
acid strengt }PbﬂﬁAﬁ?G%%rﬂﬂeqy,w@cg- ,0.9% gl Ity off pH), RCTd TYpeE,
t enper ature jand | endt h of tl%u&n? c‘{cgtis-l _| nk23t he bllogder o%ggs corTJ?Hnentlsgs
Acid 15
min
Pohk (AT) | Beohmite | 475°C | 0.5%
(60 min) | Acetic 14 90 00078 | 0079 14.47
Acid 15
min
Pblk (CU) Scale 500°C 0.5%
Alumina | (60min) | Acetic 7 93 00146 | 02591 11.56
(Bayerite) Acid 15
min
Polk(CT) | Scale SS0°C ] 0.5%
Alumina | (60min) | Acetic 6.3 69 0.075 0.12 10.93
(Bayeritc) Acid 15
min

Example 8

Acid enhanced gamma alumina oxide particles of samples Pbhk (AU), Pohk (At),
Pblk(CU), and Polk(CU) were made by procedures of Example 7. These materials were
challenged to determine the capacity of the alumina to remove lead (Pb™) given the
variables in starting materials and treatment. A 500 ml portion of 400ppm of lead (0.6392
g Pb(NO,), dissolved in 10m! concentrated nitric acid and diluted to one liter with
deionized water) was diluted to two liters with deionized water. Aliquots (450ml) of the
resulting stock solution containing 50 ppm Pb, were tumbled for 24h with approximately

2ml (dry) volumes (both volume and mass measured) of each alumina sample, centrifuged,



25 I'n one enbodi nent, the acid conprises nitric acid, sulfuric acid,
hydrochl oric acid, boric acid, acetic acid, formc acid, phosphoric acid or
m Xt ures thereof preferably acetic acid or nitric acid. |In another

enbodi nment , gaﬁﬁssbs an aliphatic or aromatic carboxylic ghpuselumesmp! es
of ali phatlc and aromatic carboxylic acids include but are not limted to
30 acetic acid, benzoic acid, butyric acid, citric acid, fatty
acids, lactic acid, maleic acid, WD 97/ 48380

PCT/ US97/ 09938 38 mal onic aci d, oxaljic acid, sal | lic acjid aric acid,
succi nic acid, askstored prigidp GFAN Biysini 'é'h‘?a’éﬁ"ﬂ’me&‘h!’ was g Shignad ‘Hleé‘g acid,

hept anoi ¢ aci d, gm%gﬂ.g%%ﬁwﬁ%ﬁggplﬁe%ﬁuﬁgﬂ; nfbe a;id’ undecanoi ¢

acid, lauric acl tri ristic acl ecanoi ¢ aci d,
pal mtic acid, heptadecanoic acid, nonadecan0|c aC|d arachidic acid,

henei cosanoi ¢ acid, beheni ¢ aci trttrio58H6 . sqceri ¢ acid,
pent acosanoi c acid, cerotic acid OEAC d, nont ani c
aci d, nonacosanoi c acid, nelissi l utaric acid,
adi pi ¢ acid, _
P BULK
5 Pbhk (AU) 1.9
Pohk (AT) 1.7
Pblk (CU) 3.0
Polk(CT) 1.3

10 Example 9

Acid enhanced gamma alumina oxide particles of samples Pbhk (AU), Pohk (AT),

Pblk(CU), and Polk (CT) were made by procedures of Example 7. These materials were
challenged to determine the capacity of the alumina to remove arsenic(AsO;?) given the

15 variables in starting materials and treatment. A 200 ml portion of 1000 ppm of arsenic

. (arsenic trioxide in 10% nitric acid) standard (Fisher SA449-500) diluted to 4 liters with
deionized water was used. Aliquots (450 ml) of the resuiting stock solution containing 50
ppm As, were tumbled for 24 h with duplicate approximately 2 ml (dry) volumes (both
volume and mass measured) of each alumina sample, centrifuged, and stored prior to

20 GFAA analysis. The instrument used was a Shimadzu AA-6501F atomic absorption

spectrophotometer. The results are shown below.

25 TABLE 9
ID# Capacity As as AsO;*
¢/Kg, BULK
Pbhk (AU) 119
Pohk (AT) 10.6
i Pblk (CU) 8.9
30 Polk(CT) 8.1




azel aic acid, sebacic acid, cinnamc acid, acrylic acid, crotonic acid,
linoleic acid or a m xture thereof. |In another enbodi nent, the
concentration of the acid is from0.15 Nto 8.5 N, preferably from0.5 Nto
1.7 N. The vahkyohemse di | ute acid used nust be high enough seci/ugbrdobss

adsor bent and/or catal yst particle of the present invention can be used as
10 is or further processed, such as extruded or filter pressed.
In order to ensure efficient cross-linking7/between the binder and the oxide
particle conponent, water is renoved fromthe resulting binder system This
is typically perfornmed by using a drying agent or heating the system The
cross-linking tenperature as used 15 herein is the tenperature
at which cross-1inking between the binder and the oxi de adsorbent and/or
catal yst conpdi@meledOccurs at an acceptable rate or the tenperature at

whi ch the binder reacts with itself at an acceptable rate. In one

enbodi nent, the cross-linking tenperature is from 25C to 400C. Thus, in one
enbodi ment, the cr dssldrgescalngest 22,300 gallon tankovas filled withagipronimatelyi2s000tgalions m

te rature and,require heat| a h .the, r 0

cr gIS) -1 ﬁki ng ogltapt\ﬂ#'gr ?@r‘%&s &q??’k@éc)g %%w%%ﬁa‘@g?’l%@me%%???taﬂ%
cross- | i nki nghé afibwasianipted and Count tsbé 8)2501biih PH™ S AGdanistes wh Slled ¥tk 190 C,
110[err] C, or _150C to 200C, 250C, 300[err]C, or 350[err]C, preferably 150C
to 300C, even I?ﬁ)?fé’"é)‘?@? a8 Bpspribadn Example7. Thelead spiked wattrifiom the ankoesc an

take place in HRREY RirbughYREGhisRP at 418 of 3l TEBBAeP mH. to remove the lead. Samples

of the effluent were collected after each 250 gallons and the lead concentration was

10 determined and plotted as shown in Figure 1. The tank was refilled with another
approximately 2,000 gallons of tap water and 147.8 g of Pb(OAc),*3H,0 was added to
give a 9,160 ppb solution. The pH was adjusted to 7.00 and the spiked solution was
pumped through the same canister at a flow rate at 1.5 gallons per min. Samples of the
effluent were collected after each 250 gallons and the lead concentration was determined

15 and plotted as shown in Figure 1. Samples lead concentration for samples obtained at
2,000 - 3,500 were found to be below the detection limit of 0.2 ppb. The lead removal
capacity of Polk (CT) was determined in this test to be 6 g/Kg.



under reduced pressure. The cross-linking tenperature can effect the
activity of the 25 adsor bent and/or catal yst and bi nder system
When cross-linking occurs in the open air, then the particle is nore

suscepti bl e togaxbdakion as the cross-1inking tenperature is pciftfsoneost
Oxi dation ofthe particle can ultimately reduce the activity of the '

particle. Preferably, during or after step %i), the m xture of step (i) is
not heated above the 30 cross-1ifking tenperature of the

coll oidal netal oxide or colloidal nmetalloid oxide. WD 97/ 47380

PCT/ US97/ 09938 Bxamplekler ably, during or after step (i), the mixture of step
(i) is not heated to or above the calcining tenperature of the coll oidal
nmetal oxide or colloidal nmetalloid oxide. Preferably, during or after step
(i), the mxture of \idriops 4dsprbent and/or tatatytizchinder systenis @w set fiorth in Table A0 iny

tenperature of the particle. In various enbodjnents ur i or .aft.er ep
(i), the mixt urRxagple 29‘17?‘("1 yerednagg in AECHIEFE I e %?&’Pf&%“ﬂgﬁ‘f"e"r‘ﬁ“a@

400[err] C, 350]s9pNdwslas well @5 Odriokis Systefiis néPApat 6f théinvéntion. preferably
not absove 400[ err] C. Cross-1linking should be distinguished from cal ci ni ng.

The binder and adsorbent and/or catalytic particles were combined into a mixing
vessel, the amount of each varied accofding to the size batch desired. However, the
component ratios remained constant as indicated in Table 10 below. This “dry”
combination was pre-mixed to ensure a homogenous miitqre of all of the components.

10 After this was accomplished, a solution containing 5% acetic acid in distilled water was
added to the mixture. The amount of the acid compared to the other components varied
depending on extruding parameters and other processing variables, but for the procedures
herein the range was typically between 35 and 45 wt. % of the total mixture.

15 This solution was added to the dry materials and mixed until the material had a
' homogenous “modeling clay” like consistency. The mixing was performed utilizing a

Hobart “A-300" mixer. The material was then ready for extrusion. The mixed product
containing the acetic acid solution was fed through an extruder, such as a DGL-1 dome
granulator manufactured by LCI Corporation of Charlotte, N.C., U.S.A. The extrudates

20 were fed through a QJ-230 marumarizer, also manufactured by LCI Corporation, which
turned the extrudates as “Rods” into small spheres. The egitmding and marumarizing steps
provided a finished product suitable to use for a specific éléplication. However, the
marumarizing is optional and does not alter the perfbnnaxice of the product. After the
spheres were made, the product was transferred to a drying oven where it was dried for

25 one (1) hour at a temperature of 250° Celsius. The product was then ready for use in an

application.



Calcining typically involves heating a particle to renove any residual

wat er that may be on the particle as well as change the lattice structure
of the particle to forma crystalline particle. For exanple for producing a
crystalline )¢9 iaagp oxi de particle, the calcining tenperat gﬁg Ko ut 300
or 400[err]C to about 700[err]C. Calcining also renoves the ylgroxy 10
groups on the binder that are required for cross-Ilinking. Therefore,
heating the systemduring or after step (i?2 above the cross-1linking
tenperature into the particle or binder calcining tenperature range or
above is detr Exgmplgll2t o the system Thus, prior art systems, where m xtures
of colloidal alumna and/or colloidal silica are (1) calcined or recalcined
or (2) heated to forma refractory material are not a part of this

i nvention. 15 | n afb¢ peticlessas darimed bfithe iconstitients listed below HET4bly 1(ewere dsseadifont

d/ t al yst-, il d th f the invention. The binder
System of  t heltiABHEY Griemeve e Afsobheat withsartumant pindersvaies ok fabls Bo
general procesggre Jﬁﬁen?é& with 0&Rkus %ﬁ@iomd@ﬁinﬁhgég}g ag@% 30Y FlwoRathinC! €5

I
are pre-mxed in dry Torm The colloidal binder can b 1 or prepared in
sit® For examgfecolamus (il cmi X 20 mm)equippedswith ehatse glasafiits werel driatpackedosith o

col | oi dal al um i | t 2 i r ounds, can, be ,used for
i P2 o B, i Gl RSO G T ol
were challenged with five 10 mL aliquots (5 bed volumes) of the trichloroethylene (TCE)

solution. The fifth bed volume from each column was collected in a 50 mL Erlenmeyer
flask, stoppered, and immediately analyzed by purge and trap-GC/MS technique using a

10 : Finnigan MAT Magnum ion trap GC/MS equipped with a Tekmar liquid sample
concentrator (LSC 2000).

The particles in Table 10 were prepared as described in Example 11. The percent
composition of each component as well as the nature of the binder are presented in Table
15 10. Prior to mixing with the other components, the aluminum oxide particle was first
. calcined at 500°C or 550°C as indicated in Table 10, then acid treated by substantially
contacting with 0.5% acetic acid at room temperature for 15 minutes as generally set forth
in applicants’ copending application filed on even date entitled “Acid Contacted Enhanced
Adsorbent Particle and Method of making and Using Therefor” and as set forth in the
20 parent applications to that application as listed above, and then dried at 121°C for 90

minutes.

The removal of TCE from aqueous solution was investigated using a number of
adsorbent and/or catalyst and binder systems of the present invention, and these results are
25 summarized in Table 10. In Entry 8, 99% reduction of TCE was observed when the particle
consisted of 40% CuO, 40% MnQ,, and 20% colloidal alumina as the binder. When no
binder was used, however, the CuO/MnQ, particle removed only 0-1% of TCE (Entries 9A
9B). These results indicate the necessity of the binder material to enhance or provide
adsorbent and/or catalytic properties of or to the particle. Other particles demonstrated the
30 ability to remove TCE. For example, entry 1 removed > 95% of TCE. Entry 7 removed



secondary butoxide, and the like. A solution of the acid is added to the
m xture, and the 25 mxture is stirred or agitated, typically
from1l mnute to 2 hours, preferably from10 mnutes to 40 m nutes, until
the nmateri al h%ﬁ,4m5rogeneous “clay" like texture. The m Xt u¥carriss7/édossn
ready for cross-linking or can be first fed through an extruder and then
cut or chopped into a final shape, preferab%y spheres, pellets or saddles,
typically of a size from0.2 mMmmto 3 nm pr erably 0.5 to 1.5 mm After
the final shape is nade, e product ransferred to a
dryi ng oven V\/ne?9e’°Pﬁ@?Eaﬂ'éeﬂﬂgémfmﬁ@dWﬂG@%ﬂ’eP of Gtiplst particles, anp of,
WD 97/ 47380

PCT/ US7/ 09938 Wi} Wz sathpn,  Carhon was alsg used in conjyction with myltiple metal X0 1ed t o
t he adsorbent asotdiponentsifExtry24Anad B) td emofe TEBEPH). b) , the nixture is not
heated to calcine or recalcine the particle b or binder. Such cal cining or
recal cining woul d detrinentally change the surface characteristics of

conponent b by cl osiAlthoufh Efeey PremicvBd®96% of ROH] the PV binder ddee npichicld the partiole

the invention are preferably not sintered, as this would d&tt{x r@p%al I

affectd the mc rt@g@tﬁg@s Egﬂg@,s gghqgie{}ﬁ) the present mvention. Particles with the P inde:
disintegrated over time, which reduced the usefuiness of the particle. In the case of Entries
5A, 5B and 6, TCE removal was very high (98%); however, the activated peat also breaks
apart much faster than the particles of the present invention. The contaminents adsorbed

by the peat may also leach into the environment.

10
Not wishing to be bound by theory, two plausible mechanisms can account for the
catalytic degradation of TCE using the particles of the present invention. The first
mechanism involves redox chemistry between TCE and the metal oxide components of the
particle. TCE is electrophilic, and can stabilize a negative charge if reduced. Electron
15 transfer from a metal oxide component to TCE may be the first step toward the

degradation of TCE. A second mechanism involves a Lewis acid-base interaction between
TCE and the metal oxide component, which increases the rate of nucleophilic attack of
TCE by water. Due to the lone pair electrons on the chlorine groups of TCE, a metal oxide
component can initially coordinate to the chlorine group. This initial coordination may also

20 be the first step toward the catalytic degradation of TCE.



5 the m cropores and would detrinentally decrease the pore
vol unme and surface area. The particles and bi nder system are al so not
heat ed above the calcining tenperature to forma refractory material.
ot her process that would increase the size or elimnate m cropores,
t he size of, cropores at the expense of m cropores

macr opor es, dﬁ%ﬁgéﬁﬁggecrgase t he surfacg ar ea availabPe for gg%%?%%?%n or
catal ysis should 10 preferably be7Avoi ded. The size and shape of
the particles used in this invention prior to extruding can vary greatly
depending on the end use. Typically, for adsorption or catalytic

Any
enl ar ge

V-900 = LaRoche V-500 gel alumina (colloidal alumina)

appl i cati ons, s Bp -FHHAPF eptrefTHo—ghout
250 [err]m ar ¢ |pref ¢ fbecayge|t “p[ov}de grge
surface area {Hgnl g {il@ gs| i€ helt BsSpEEt & Mmeent§lon
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25 environnmental renedi ati on applications. In this enbodi nent,
contam nants froma liquid or gas stream can be reduced or elimnated by a
catal ysis reaction. In another enbodi ment, contam nants froma |liquid or
gas stream can be reduced or elimnated by an adsorption reaction. The
particle can bggbsshghO renmove contam nants, such as, but notpdyngbet@sdag O,
heavy netal s, organics, including hydrocarggns, chl ori nated organics,

i ncl udi ng chlorinated 30 hydr ocarbons, inorganics, or m xtures

t hereof Specifig exanples of contam nants include, WD 97/ 47380

PCT/ US97/ 09938 #41 but are not |limted to, acetone, ampni a, benzene, carbon
nonoxi de, chl ord ne, hydrogen sul fide, trichloroethylene, 1,4-dioxane,

et hanol , ethyl ehe, formal dehyde, hydrogen cyani de, hydrogen sulfi de,

met hanol, nethyd ethyl ketone, nethylene chloride, oxides of nitrogen such
as nitrogen oxige, propylene, styrene, oxides of sulfur such as sulfur

di oxi de, toluerge, vinyl chloride, arsenic, cadm um chlorine,

1, 2-di bronochl & opropane (DBCP), iron, lead, 5 phosphat e,
radon; sel eniu an ani on, an oxoani on, a poly-oxoani on or uranium such as

CuO = Fisher C472  MnO, = Kerr-McGee KM® Electrolytic Manganesc Dioxide 92 % MnO2 Xoray powddh a&-@m

Zeolite = Zeolyst intemnational CBV 100

Zinc = Fisher 216
MethylCellulose = Fisher M352 WHP Carbon = Calgon WPH powdered activate carbon  # pasticle heated to $50°C in air to convert MnO, to Mn,Q,

NA = not applicable

Sol P2 = Condea Disperal Sol P2 (colloidal slumina)
mixture of manganese oxides.

Tin = Fisher T128



Uerr]gerr]. The adsorbent and/or catal yst binder systemof this invention
can renedi ate individual contam nants or nultiple contam nants froma
single source. This invention achieves inproved efficiency by adsorbing a
hi gher a”““”%w?&w tam nants and by reduci ng the contam nat} J-¥sk to a
much | ower val ue an by non-enhanced particles. 10 In yet another aspect,
the invention provides a nethod for catakéging the degra- dation of an

or gani ¢ conpound conprising contacting t organi ¢ conpound with the

adsor bent andfLor qa | yst systemfor a sufficient tine to catalyze the
degradati on oﬁﬁgﬂaﬁiganic conpound. In one enbodi nent, the catal ysis

reaction is at roomtenperature. | n a 15 one enbodi nent, the
organi ¢ conpound is a chI or nate g?nl ound, such._as
trichl oroethyl ene (#igsadsor ? Yﬁ%@*ﬂd bi %svét&wapfﬂsebleawdwwaer@wéyst em

catal yzes the afse8mY %thép x%e&u?e% o?ﬁkﬁﬁﬁlékafleﬂld% %‘{Qﬁ‘iﬁﬁﬁﬂ%de' n yet

anot her aspect, the i nvent I on provides a nethod reduci ng or elimnating

20 Pmalatm!)n tSamﬁleawmrtcsm tnaintenrmg nﬁtbeyge&ctadtw@dxydmemadﬂdmu s
e
oxi de of sul f sulfiricacidand muomitdﬂsfel’fgdinmgmrm&:all tvhitk had)beeﬂioatiwmh ll begeof for
a sufficlent b o font sd/or Catslyst Bindth syctom to DS tostad Ahe 18 obll Shad Was © cin Jong
by 4 cm in diameter (~120 mL volume). The cell was filled to approximately 170 torr
H,S and observed visually and IR spectra recorded.
10
" The percent composition of each component as well as the nature of the binder
are presented in Table 11. The aluminum oxide particle was first calcined at 550°, then
acid treated using 0.5% acetic acid and dried at 121°C for 90 minutes using the same
procedure described in Example 12. The cross-linking temperature for each particle was
5 250°C for 1 hour.

The removal of hydrogen sulfide using the adsorbent and/or catalyst and binder |
systems of the present invention was investigated, and these results are summarized in
Table 11. The removal of hydrogen sulfide by the adsorbent and/or catalyst binder
0 systems was monitored by infrared spectroscopy. Based on these results, adsorbent
and/or catalyst and binder systems of colloidal aluminum binder, acid treated aluminum
oxide, and copper oxide provided the best results with regards to the removal of
hydrogen sulfide. |



one enbodi nent, the catalysis reaction is at roomtenperature. 25 For

envi ronnent al renedi ati on applications, adsorbent and/or catal yst particles
of the invention are typically placed in a container, such as a filtration
unit. The cont B @apsd streamenters the container at one endpcwosasts t he
particles wthin the container, and the ?zrlfled stream exits through ’
anot her end of the container. The partlc s contact the 30

contam nant s w t hiprrrtre—strepnandihgnd—to allg regove ] nt am nati on
fromthe stream WO 97/ HEBED & & M H M &
PCT/ US97/ 09938 42| Typi cal | 8| Bhe i cI'Ys bBFond@jsat tedBpi th
contami nants over |a|peri od}" Emgl Bd B BREt g esE|nglst B renoved from
t he contai ner and|r¢pl aced ngf 1) tk c8ps. mlhe FHagt@ngpant stream can
be a gas stream ol liEquid bl @ ng\e@ Ng ua mgl The particl es
can be used to renedi i ,ga , S e:g t @, @ t8pn facility
ef fluent, snoke sfa¢i§ gas, | Blikbge %E i n@_‘@t gl the |ike.
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5 The particle/binder systemof the invention can be used preferably as the
adsorbent or catalytic nediumitself. In an alternate enbodi nent, the
systemis used as an adsorbent or catalytic support. |In another enbodinent,
it is not us Aacat al yst support. 10 Wh m%%&ticle
adsorbs a coﬁ?%g?ﬁgﬁﬁ, the particle of this invention bondsgaft Eﬁ e -
contam nant so that the particle and contam nant are tightly bound. This
bondi ng makes it difficult to renmove the contam nant fromthe particle,

allowing the waste to be di sposed of i n?& any public landfill. Measurenents
of contam nants adsorbed on the particles of this invention using an EPA
Toxicity Characteristic Leachability Procedure 15 (TCLP) test
known to those of skill in the art showed that there was a very strong

interaction between the particles of this invention and the contam nants
such that the contamnant is held very tightly. Al though the particle
system bonds tightly to the contam nant, the system of the 20

i nvention can be regenerated by various techni ques. In one enbodi nent, the
aci d enhanced particle of section | above can be regenerated. In another
enbodi ment, the binder and oxi de adsorbent and/or catal yst system can be
regenerated. In one enbodi nent, the particle can be regenerated by roasting
it in air to reoxidize the particle. In another

LaRoach V-900 gel alumina (colloidal alumina)

V-900



enbodi nent, the contam nant can be renpved by contacting the particle

havi ng the 25 adsorbed contam nant with a reagent wash. The

reagent wash can include but is not limted to aqueous amoni a, - phosphi nes

or detergents.wbh¥ak anot her enbodi ment, the use of a pH swipggaresessssTove

the contam nant fromthe particle. Various pH ranges can be used to renove

the contami nant formthe particle dependi ng upon the type of contam nant.

I n one enbodi nent, an acidic solution can be used to renpve a cation from
the particle. In 30 anot her enbo® nent, a basic solution can be

used to renove an anion fromthe particle. In WO 97/ 47380

PCT/ US97/ 09938 Bx@mplegidner enbodi ment, Lewis acids and bases can be used to

renove the contam nant fromthe adsorbent particle. In one enbodi nment,

conponent b conprises al um num oxi de, copper oxide, and nmanganese di oxi de.

I n thi's enbodi nent, TCGEadsorptien andSTCLRéxtrastidn procedumes date peiformedas followishids 5

embodi ment, t he, gl g 1 PRELS AR Al BSPlohnd Ghte bfiob B ETBOLLTEN LN
| - AL,0,/CuO/MnO, combination particle of Table 11, entry l:, after treatment with TCE
was wet packed into a 50-mL buret (with removable stop‘t’_';p;ck) plugged with glass wool.
The sample was charged with five bed volumes of water.’ -The sorbent material was then
quantitatively transferred into the Zero Headspace Extractdr (ZHE) apparatus into
which 200 mL of water was added, appropriately sealed and agitated for 18 hours. The
filtered solution was collected in two 100 mL vials, stored in the refrigerator at 4°C

uniti} analysis by GC/MS. The Finnigan MAT Magnum ion trap GC/MS equipped with a

Tekmar liquid sample concentrator (LSC 2000) was used for analysis.

The calibration curve procedure was as follows. A freshly prepared S0 ppm
- TCE stock solution was obtained by dissolving 34.2 pl spectrophotometric grade TCE
(Aldrich) in 20 ml HPLC grade methanol (Fisher) followed by dilution to a liter.
Dilution of this solution (1000 pl : 1L) resulted in a 50 ppb TCE stock solution. All
dilutions were accomplished using deionized water. A calibration curve was constructed
by purging 1.0, 0.50, 0.20, 0.10, and 0.050 ppb TCE solutions.



97 parts by weight, preferably from5 to 35 parts by weight, the al um num
oxide is froml to 97 parts by weight, preferably from55 to 85 parts by
wei ght, the copper oxide is from1l to 97 parts by weight, preferably from1
to 20 parts by weight, and the nanganese oxide is from1l to 97s;oarts by

wei ght, pref¥PAEIPI8E rom 1 to 20 parts by weight. In anot hePCHYS97/09938

enbodi nent, the binder is 20 parts by weight, alum numoxide is 70 parts by
wei ght, copper oxide is 5 parts by weight, and manganese dioxide is 5 parts
by wei ght. In another enbodi nent, conpongat b conprises al um num oxi de and
activated carbon. In this enbodi ment, the binder is preferably coll oidal
alumna. In this enbodi nent, the acid is preferably acetic
acid. In this enbodi nment, the% Raé IS frogil to 98 parts by weight,
preferably from 5 Therespltsareset ioyh helowiin Takle\l2. o) yni num oxide is from1 to 98
parts by weight, preferably from45 to 75 parts by weight, and the )
activated carbon_is froml to 98 parts by weight preferably from35 to 55
parts by weight.| 1 n another errbodl rrent Taﬁngbl nder is 20 parts by hei ght |
al um num oxi de | p—bE—patt-S—hy—wa Ae—aei--yat-ed—earbon—s—720
5 parts by weight. sdim&h@le enbcm‘:mlm,d pm'p%mmtmﬂmhmppb pper

oxi de and mangangsegroXTde. T thTS enpodrment,— thne i nder 15 prgf erably
col | oi dal al uni nh. TableHi enteibodi ment , Nehe acid is preP8P3hi v acetfic acid.
In this enbodiment, the binder is froml to 98 parts by

%= Not detected. The fact that TCE in the sample is
less that 500 ppb (EPA TCLP limit)
characterizes it as a nonhazardous waste with
respect to TCE.

Example 15

Adsorbent and/or catalyst and catalyst supports were prepared as described in
Exémple 11 utilizing Bayerite alumina (calcined 550° C for 1 hr, then treated with 0.5%
acetic acid for 15 min), 25% by weight colloidal alumina, using 7 % HNO,, 1 hour
curing time, extruded and cured at temperatures of 300°, 350°, 400°, 450°, 500°, 550°,
600°, and 650°. Table 13 gives the curing temperature and properties of these materials
determined by BET surface area measurements, mercury porosimetry and thermal
gravometeric analysis.

Example 16

Various adsorbent and/or catalyst and catalyst supports were formed as
described in Example 11 utilizing Bayerite alumina (calcined 550° C for 1 hr, then
treated with 0.5% Acetic Acid for 15 min.), 25% colloidal alumina, using 7 % acetic
acid, 1 hour curing time, extruded and cured at temperatures of 300°, 350°, 400°, 450°,
500°, and 600°. Table 14 give the curing temperature and properties of these materials



25 wei ght, preferably from5 to 35 parts by weight, the copper
oxide is from1l to 98 parts by weight, preferably from35 to 55 parts by
wei ght, and the manganese dioxide is from1l to 98 parts by weight,
preferably frogo%a, 55 parts by weight. In another enbodi mygirnysheeds nder
is 20 parts by weight, copper oxide is 40 parts by weight, and manganese
dioxide is 40 parts by weight. 30 WO 97/ 47380

PCT/ US97/ 09938 44 In anot her enbodi nent, conponent b conprises al unm num

oxi de, copper oxide, manganese di oxide andshctlvated carbon. In this

enbodi ment, the binder is preferably colloidal alumna. In this enpodi nment,
the acid i s predetermined byBET, wrfacs asea measurpments MesaRryROfEsimetRy and ‘EE@F’ is from

| to 96 parts b ' erably from5 to 35 parts by weight, the
al um num oxi de g%h%{grrﬁci %% gG parts by weight, preferably from45 to 75

parts -5 by wei ght the copper oxide is from1l to 96 parts by

wei ght, preferably fll':xgure gwes € sﬁ)r?‘ace area of Alumina-Alumina composites prepared as
described in Experiment 15 and 16 as a function of curing temperature. Figure 2 also
gives the surface area the particle upon curing for 7 hours and 14 hours). In addition,
Figure 2 gives the surface area of Alumina-Alumina composites prepared as described in

Experiments 15 and 16, upon curing for 2 hours and 4 hours at 350° C.

The data in Tables 13 and 14 and Figure 2 indicate how the surface area, surface
‘morphology and acid properties (Lewis vs Bronsted sites) can be controlled by this
invention. The surface area, pore area, bulk density, skeletal density, porosity, and acid

properties obtained are dependent upon curing time and curing temperature.



by wei ght, the manganese dioxide is from1l to 96 parts by weight,
preferably from1l to 20 parts by weight, and activated carbon is from1l to
96 parts by weight, preferably froml to 25 parts by weight. In another

enbodi ment, t@®Ri@er s 19.9 parts by weight, alum num oXiglersdbdsadart s
by wei ght, copper oxide is 5.98 parts sy WEI ght manganese d| oxide is I0

4.98 parts by weight, and acti vat ettt ght. In
anot her enbodi nent, the conponent il num dxi ifl i con
di oxi de and activated carbon. In Dilcl e
conprises from1l to 97 parts, pre nably 20
parts by wei ght al um num oxi de, f preferably
5-35 parts, nore preferably 20 par&gb',‘\{sweiﬁ g.m ind 1- 99
parts, preferably 25-55 parts, rmrg pr_ngj,brel;y:_ t activated
carbon. In this enbodiment, the bj nder- fs dr et |l um na and
the acid is preferably acetic aci@g. Tne brijde
wei ght, preferably from5 to 35 p s by wqieg| Aen | ©
anot her enbodi nent, the catal yst pR& bi nder @h'gc
oxi dation catalyst. In one enbodiggnt, the|s¥$ wmpo
alum na as a binder, Al[err](err and ond 0o ' t
particles of Verr](err], WJerrj=g err] [ r F
As[err](err], As[err]@err] Cs %rg or @ ra
~ enbodi nent, the col | oi @l al um nalg | Pom JENT 0 {30 ] pafdrs
_' AI[err]CIerr] is freom@ to 90 parps—by.weidght hd M err
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25 As[err]Jerr],
each from1l to 90 parts by weight.

bi nder system can be used as a Lewis acid catal yst.

alum na as a binder, Al[err]( err]pcitish96s0"
Zrgerr],

system conpri Sego ¢Rfrsgel dal

nore of the follow ng oxide particles of Verr](err],

As[err]Jerr],

CsJerr],
enbodi nent ,

| n anot her

| n one enbodi nent,

or Sb[err](err] are
the catal yst and

t he

Tiqerrt,

MO, Th err] or 30 | ant hani de @%i des. | n anot her enbodi nent, the
colloidal alumna is from 10 to 30fpar q77 {73380
PCT/ US97/ 09938 45 wei ght, Al[err] C[@rg]m f =P 1(@ by wei ght,
and V[err](err], ZrJerr], TiCIerr&,\,, Tl <& Ll hi de oxi des
are each from1l to 90 parts by wei ) n nmbbdijreht ,} t he cat al yst
and bi nder system can be used as 4 B Ran o s m enbodi nent
- the system conprises coll oi dal al ujg AL err], 5
and one or nore of the follow ng o __Q;fggm (% Aglerr] O
AgO CdO, Sn(err], PbO V|ierr]d g MJO, | Th or] | ant hani de
oxi des. In another enbodi nent, th¢g a 13 Trgm 10 to 30 parts
> : [ : o
by wei'ght, Al[err]derr] is fromL%‘ ‘Fa) wgggm gi CuQ,
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ZnO, Ag[err]O AgO CdO Sngerr], PbO V|err]Jerr], ZrJerr], MO

Thg err] or |anthanide oxides are each from1l to 90 parts by weight. 10 In
- .anot her enbodi ment, the catal yst and bi nder system can be used as a
reducti on cata}d/,g;‘mabn one enbodi nent, the system conprises | 8
alumna as a binder, Al[err](err], and one or nore of the follow ng oxide
particles of MnOJerr], Fe[err]Jerr], Fe[err]dJerr], Ru[err](err],
GsJerr], CoO Co[err]dJerr], RuOor N O In another enbodi nent, the
colloidal aluminais from1 to 30 15 84 parts by weight,
Alferr]Jerr] is from1l to 90 parts by weight, and MiJerr], Fe[err](err],
Fe[err](err], Ru[err7]CIerr], Gs(err], CoO Co[err]derr], RuOor N O are
each from1l t ts by weight. In another enbodi nent, the catalyst and
bi nder system can be used as a catalyst for the reduction and renoval of
ni trogen oxi des. | A Guw@/MntoAlOeolloidaliAd, yibirder 5/5/50/20 wteighti%d cafilyst was

alum na and the particle. | se uld num, 0xj al | fum oxi de_and copper
~oxide. In anoth e@rﬁ@ﬁ%@%%ﬂﬂaﬁﬁ'l ccatalst tﬂ%ﬁ@#@g}?ﬂ%&t"t% % byIOIO
- weight, the altube’ oW reactétewaSatiatkidth algls Efifildd WithQl sgmtheticlmiRuedf doypnp x| de i s

: froml to 98% ?M‘;&?ht’a and the .cq&ger oxide is from1l to 99% by wei ght.
" In yet anothef® 08 76 pentane in gir.| Bhe 0/ pamtans/airmixture wanpassed @ thy

*wei ght, the aloualy@UgRiox 6w s £SO A Pga% ko 451t ! 425

oxide is from1l to 10% by wei ght, an tﬁg‘%go e?%x‘?ggcpséaﬁ?egﬁn%& 0 10% by
. weight. In a temperature vstime. The data indicate that their is an induction period, after which the
catalyst oxidizes CO at room temperature. |

Experiment 18

A Cu0/Ga,0,/AL,0,-colloidal AL,O, binder 5/5/70/20 weight % catalyst was
prepared as described in Example 11. The catalyst (1.007 g) was loaded into a “U-
tube” flow reactor, was attached to a gas cylinder with a synthetic mixture of 81 ppm
of NO, 910 ppm CO in nitrogen. The NO/CO/nitrogen mixture was passed over that
catalyst at a flow rate of 80 mL/min. Figure 4 gives a light-off curve determined under

these conditions.

Exgeﬁment 19

Runoff water was pumped through a 5-gallon canister of aluminum oxide that
was calcined at 550°C for 2.5 hours then acid washed with a 0.5% solution of acetic
acid. The water flow rate was approximately 1 gpm. The pH was 8.5. After 24 hours
or the equivalent of approximately 1,440 gallons of contaminated water the effluent

was tested for uranium, and the results are in Table 15.



preferred enbodi nent,

A [err]Jerr],
5% by wei ght,
with acetic agj

the coll

O[err]C

oi dal

preferably acid enhanced,
and CuO is 5% by wei ght,
I n anot her enbodi nent,

alumna is 20% by wei ght,

s 70% by wei ght,
wherein the particle is cross-Iinked
the bi pegfushHossas

Gaferr

S

]gerr]

col I oi dal alum'na and the particle conprises alum num oxide, copper oxide
and zirconi um 30 oxide. In yet another enbodi nent, the coll oi dal
alumna is from1l to 97% by weight, the WO 97/ 47380
PCT/ US97/ 09938 46 al umi num oxide is from8%s from1 to 97%by weight, and
the copper oxide isfrom1 1o 970%hy w de is
froml to 97% by ight. In a preferre¢m nent, the col | oi dal } al um na
is from10 to 40% |ght, Hre—attrraox e IIUTIIOV t o709 by
wei ght, the copperjoxide is from,(l)p | 0 TD®% bySOgi ght ,Seand |t hMai r foni um
oxide-is from1 tofZ0% by Wel gt TNl ail_evep mre preferr¢ od} nent, the
5 col | oi mﬂuav ni na | 2009 i gh 0%t e gdoﬁerr]ﬁ%g‘r‘r%r]
preferably acid enp 8‘{',\??‘ 7D% by |weight, |CuO i § 5% by \weight, phnd
Zrgerr] is 5% by el ght ergin the partigle is|cross-liinked wi h

(mg/L) '

effluent 0.08 - e -— -

concentration

(mg/L)

Example 20

A particle with the following composition was prepared in a manner similar to

Example 13 in order to test its efficiency in removing chlorinated hydrocarbons from a
ground water source: 60% Al,0, (Acid enhanced alumina), 5% CuO, 10%
MOLECULITE®, 20% alumina binder (colloidal alumina) and 10% carbon. A partial

groundwater profile contained the following contaminants at pH 6.7

1,1-Dichloroethene

Acetone

Methylene Chloride
1,1-Dichloroethane
1,1,1-Trichloroethane

Trichloroethene

Toluene

Tetrachloroethene

7,100ppb
40,000
90,000

1100

27,000
830

1100
1400

Thirty three gallons of the binder and catalyst system was placed into a S5galion drum.

The groundwater was pumped through the media at a rate of 4 gpm. The effluent was



acetic acid at 350[err]C. In another enbodi nent, the binder is coll oidal
alum na and the particle conprises alum num oxide and silver nitrate. In
yet anot her enbodi nent, the colloidal alumna is froml to 98% by wei ght,
t he al um num fromis froml to 98% 10 d the
silver ni trat‘gé:’?s}??o;m 1 to 98%by weight. In a preferred enboggrre t he
colloidal alumna is from1l0 to 40% by wei ght, the al um num oxi de |s from
is from30 to 70% by weight, and the silver nitrate is from1l to 20% by
weight. In a preferred enbodinent, the c86loidal alunina is 20% by wei ght,
Alferr](err], preferably acid enhanced is 75% ght, and AgNO err] is
5% by wei ght, aaﬁméfwwomlmmogla@eﬂmmmmpmé%omqgall@ss of the acetic
acid at 350[er wrdwhidr. aﬂ%tljg tsmﬁmnf ble ll&e bi nder is colloidal alumna
and the parti e conpri ses -al um num oxil a m xed oxi de conpl ex, and
copper oxide. M xed oxi des conpl exes are def| ned as particles conprising at
| east two or nore oxide conplexes. In yet another enbodi nent, the coll oi dal
- alumnais from1l to 97% by weight, the alum numoxide is fromis from1l to
.~ 97% by wei ght [T The m xed oxIde 15 {gr T 1o 9/% by wei gnt, and 20 .
the copper oxide is fromJl to 97% ight. In a preferred_enbodi nent, the

col | oi dal alu n&iﬁdﬁm;ﬁpm,ﬁﬂ,ﬁo 40%dy wei ghimuehre al |l|n} num oxjide is from

30 to 70% by m xed Qxi elsfronlto 20%by wei ght, and the
copper oxide {s from 1 t d TSP\ pilaction Tf“%?ﬂ"ﬁ&?’l’dnrﬂhmhml e that is
useful for thfs enbodi merjtat#3BI600O_ECQULI TE[ er [ #70088i ch s by
gallons (pph) gallons (ppb)

1,1,1- 1280 95 3819 86

trichloroethane

trichloroethene ND 100 10 99

tetrachloroethene 6 99.6 42 97

These results demonstrate that the level of chlorinated hydrocarbons in the
groundwater were reduced significantly when the groundwater was contacted with the

binder and catalyst system.



supplied Mol ecul ar Products LTD., Essex, UK. MOLECULI TE[err] contains from
60 to 75% 25 by wei ght oxi des of manganese conpounds, including
M err], Mijerr]Jerr], and/or Mierr]Jerr], 11 to 14% by wei ght copper
oxi de, and abog@%go y weight |ithium hydroxide. In one enbgsgpimrdtosesse
system conpri s olToidal alum na as a binder, and the particle conprises
al um num oxi de and copper oxide. In an even nore preferred enbodi nent, the
colloidal alumna is 20% by wei ght, the A1203, preferably acid enhanced, is
70% by weight, the 30 MOLECULI TE7err] is 5% by weight, CuOis 5%
by wei ght, wherein the particle is cross- WO 97/ 47380

PCT/ US97/ 09938 Exampledded with acetic acid at 350[err]C. I'n another

enbodi ment, the binder is colloidal alumna and the particle conprises

al um num oxi de, copper oxide, manganese di oxi de and magnesi um oxi de. In yet
anot her enbodi nent, WUsieg the identicibbinder oatalyst siystent indEmample20pderemovabefght | t he

rom 1 to 6o HaeigRehei LB e v irdSoei A PsBBRhTaE: e 07,
the - with 36 gallons of the binder catalyst system. The contaminated water was pumped

from three wells through the media at a combined flow rate of approximately 4gpm.

The pH of the ground water was 6.5. Approximately 90,000 gallons of contaminated

water had been pumped through the binder catalyst system. The results of the

experiment are shown In Table 17.

TABLE 17
contaminant | influent effluent % effluent %
concentration | concentration reduction concentration reduction

at 43,100 at 72,679

gallons (ppb) gallons (ppb)
cis-1,2- 160 130 19 310 -93.7
dichloroethene
2-butanone 48 ND 100 ND 100
trichloroethene 130 - - ND 100
tetrachloroethene 7900 .- - 120 98.5

The increase in concentration of cis-1, 2-dichloroethene is a result of and an
indication of the degradation of tetrachloroethene. Cis-1,2-dichloroethene is an
intermediate product of the degradation of tetrachloroethene, which is a non-

hazardous waste material.

Throughout this application, various publications are referenced. The disclosures
of these publications in their entireties are hereby incorporated by reference into this
application in order to more fully describe the state of the art to which this invention

pertains.



5 magnesiumoxide is from1l to 96% In a preferred enbodi nent,
the colloidal alumna is from21l0 to 40% by wei ght, the alum numoxide is
fromis from30 to 70% by wei ght, the manganese dioxide is from1 to 20% by
wei ght, the ideis from1l to 20% by weight, and th '

oxide is fro?r??g?% % In an even nore preferred enbodi nment, eﬁ‘(’c:dgﬁnoi dal
alumna is 20% by wei ght, A1203, preferably acid enhanced, is 10

50% by weight, the M2 is 5% by weight, CuOis 5%by weight, and MJO i s
20% wherein the particle is cross-linke®8w th acetic acid at 350 C. In yet
anot her enbodinent, the colloidal alumna is froml to 98% by weight, the
al um num oxi de i B will berppparent trthosetskillodip the arthatrariousmadifientionsamder  oxi de i s

froml to 98% ' ' ' ' | um na

< om 10t o HEsitEs il e e B okl SREO TP hepplah 0l hbicPy o, 57" 13

70% by wei ght ,spiit of thednveotme rOtberiethbodimehts ofithe inventR@will be agpaggnt to thosean even

nore preferred odi nen the .colloidal alymna is 25%Db j ght,

Alferr]Qerr] ﬁoﬁl?&r&heéﬁt °5'_C‘T°Bs’é"ﬁ%’k°g e qp%“@?%'b?‘dm%‘ﬁ? ,&‘Eﬁﬂvmi s 10%

by wei ght, whefiRidied ReReiR 2Ittis leRdddthat'thSecititdhbh SndixaipRE 6L édnsiaéred adt

350[err]C. 20 . | n anot her, enbodi nent, Ehe catal yst and

bi nder syst em@&HpPlaY qplye With# taie seapg|apd spiritnf thednveratipwbeingf indicatedhoy the

hydr ocar bons. fbﬁbvﬂﬂgrlﬁim()di ment, the binder is colloidal alum na and the
um

particle conprises num oxi de, a m xed oxi de and copper oxide. In yet
anot her



enbodi nent, the coll oi dalatumna—i-s—frem-1—to0 98% by wei ght, the al um num

oxide is fromls from1l to and the m xed oxide is from1l to
98% by weight. In a 25 @ﬂmﬁmﬂﬁ mn; enbodi ment, the coll oi dal
alumna is frowolﬁmtmom% o urri num oxi de i s f redfnddd7bsasst 0%
by wei ght, and the m xed oxide is from20 to 70% by wei ght. A m xed net al
oxide that is useful in this enbodinent is CARULI TE[err] 300, which is
supplied by Carus Chem cal Conpany, LaSalle, ULI TE[ err]
300 contains from60 to 75% by wei ght mand’&ne FS :SRE‘EI%FM?BW 14% 30
copper oxide, and 15 to 16% al um num oxi de. Illn_an_ | fifl;]\re_.p.r:.ﬁferred
enbodi ment, t heWhati§\glaigedas:3g0

PCT/ US97/ 09938 48 colloidal alumna is 20% by weight, Al[err]Jerr],
preferably acid enhanced, is 20% by wei ght, and CARULI TE[err] 300 is 60% by
wei ght', wher ei nl.t Heprpeass foz ipeoducing arpacid ¢nhanced advottientparticleccompriging cor8a@ingr r | C.
| n_anot her  enbodi ey dGRad Yotk arihdls MR oo, S ARe, BErot SShicHiRa?"

aluminum oxide particle that was produced by calcining at a particle temperature of
from 300°C to 700°C, with a dilute acid for a sufficient time to increase the
adsorbent properties of the particle, wherein the resultant acid treated aluminum

oxide is not subsequently calcined.
2. The method of Claim 1, wherein the particle temperature is from 400°C to 700°C.

3. The method of Claim 1, wherein the acid comprises an aliphatic or aryl carboxylic
acid.

4. The process of Claim 1, wherein the acid comprises acetic, nitric, sulfuric,

hydrochloric, boric, formic, or phosphoric acid, or mixtures thereof.
S. The process of Claim 1, wherein the acid comprises acetic acid.

6. The process of Claim 1, wherein the contacting is by dipping or submerging the

particle in acid.

7. The process of Claim 7, further comprising the step of rinsing the particle to

remove excess acid.
8. The process of Claim 1, further comprising the step of drying the particle.

9. The process of Claim 7, wherein the contacting is for at least 15 minutes.

liu
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5 for sulfur oxygen conmpounds. In one enbodi ment, the system
conprises colloidal alumna as a bi nder, and the particle conprises

al um num oxi de and copper: enbodi ment, the coll oi dal
alumna is fr@Bshutsiy 95% biﬂlﬂﬂﬂllﬂ lllﬂ I' Eﬂllm num oxi de is f igeifsimdos@m 1 L0
98% by wei ght, and the copper oxide #s from1l to 98% by weight. Ina -
preferred enbodinent, the colloidal alumna is from10.ta 40% by wei ght,

t he al um num 10 oxide is from | s f r om BSt SHEETOHAY BEENC ht, and
the copper oxide is from1l to 20% by wei § | n| anot hgp gedpedi nent, the

bi nder and oxi . de adsor bent nd/or cat al t sys eaR—ergve—ehtori nat ed
hydr ocar bons AP-om iﬁmemsao gh@bhwﬂ%ﬁﬁd\‘!ﬁéﬂﬁﬁ@ﬂ@h'ﬁﬁ@‘ﬁlﬂﬁﬁ%nd 15

oxi de adsorbent anghRbudRb@d acki & Saltol0 06 % | oi dal al umi na, (2)
al um num oxi de, (B)Qti]"aa m xed OXIs su?ﬁ ‘as ml%gddom des of manganese, for
exanpl e MOLECULI TE[err], and (4) car bon. In a preferred enbodi ment, the

conposition c rises. or f col.l al.dal um na fram 1

preferably 20% %ﬁ Brﬁfessg? fd’qw‘?“j‘%heﬁlg‘sﬁ“? gFg%WrgEq@ enhanced
from50 to 70, pr eﬁ@re&ﬁﬂ&e%mmhghksstMWTﬂenN from 20

5 to 15, preferably 10% by wei ght, and carbon from5 to 15, preferably 10%
by weight. In another enbodi nent, the catal yst and bi nder system can be

used as a coahzgasthé fx@&és@ Bf Gﬁfnﬁi Ytlerein the Qilte BER SHEMFRIS equilient YS4LM

conpri ses col |l oi dal mna as a
aqueous acetic acid solution at less than or equal to 0.01 N.

13.  The process of Claim 1, wherein the dilute acid strength is equivalent to an

aqueous acetic acid solution at less than or equal to 0.005 N,

14.  The process of Claim 1, wherein the dilute acid strength is equivalent to an
aqueous acetic acid solution at less than or equal to 0.001 N,

15. The process of Claim 1, wherein the calcined aluminum oxide is in the gamma,

chi-rho, or eta form.

16. The process of Claim 1, wherein the aluminum oxide prior to or after acid

treatment is not sintered..

17.  The process of Claim 1, wherein the particle consists essentially of aluminum

oxide,
18.  The process of Claim 1, wherein the particle consists of aluminum oxide.

19.  The process of Claim 1, wherein the resultant acid treated aluminum oxide is

substantially microporous.
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bi nder, Al[err](err], and _one_or_ rmre_ ~of the follow ng oxide particles of
Fe[err](ferr], Fe[err] Qerr] CoO or Co[err]derr]. In another
enbodi ment, the coll oi dal mﬂ.ﬂnmﬂmnm ﬂo to 30 parts by weight, A1203
is from1 to AWoBkss PY - I mm ] err], Fe[ err] Opetrise709988, or
Com[:)e(rjr]qerr]h are e?ch fromIctd 90 parts by wei ght I n anot her _

enbodi nent, the catal yst and bi nder systemcan b S as 30
reform ng catalyst. In one enbodinent, the syst jnH!(ssogrmﬂE‘?;ggg?i)HN%gdal

al um na as a bi nder, WO 97/ 47380 9 L

PCT/ US97/ 09938 49 Al err] e pe _or nore of.. t.he follo oxi de
particles of FéPerrf E’PF‘] #—g{“g’r “&"'@l“’r']“ealeﬁ’@“&"’?ﬂﬁ‘%}’?t]aﬁag? e.ngf”h anot her
enbodi ment, the coll ﬁilgﬁg bimna is from10 to 30 parts by weight,
Alferr]Jerr] is fr 90 parts by weight, and Fe[err]Jerr],
Fe[err]Jerr], CoO or Co[err]CIerr] are each from1l to 90 parts by

wei ght. 5 t
system can be aed Ee goﬁ‘?ﬁ? @no {]%a@afys@m?éﬁﬂghsgﬂseﬁﬁ%ﬁ@tﬂaﬂ?c b![ Rger
system conpri ses Colhéh thelessthanin @ctingg of the particle. '

22. A process for producing an acid enhanced adsorbe.’nt particle consisting
essentially of contacting a parﬁcle comprising a non-amorphous, non-ceramic,
crystalline, porous, calcined, aluminum oxidé paniclé.that was produced by
calcining at a particle temperature of from 300° C to 700° C, with a dilute acid

for a sufficient time to increase the adsorbent properties of the particle.

22.  The method of Claim 22, wherein the particle temperature is from 400° to
700°C.

24. A process for producing an acid enhanced adsorbent particle comprising
contacting a particle comprising a non-ceramic, porous, oxide adsorbent
particle with a dilute acid for a sufficient time to increase the adsorbent
properties of the particle, wherein the oxide adsorbent particle is not aluminum
oxide and wherein the resultant acid treated oxide adsorbent particle is not

subsequently calcined.

25.  The process of Claim 24, wherein the resultant acid treated oxide is

microporous.

26.  The process of Claim 24, wherein the dilute acid strength is equivalent to an

aqueous acetic acid solution at less than or equal to 0.09 N.

27.  The process of Claim 24, wherein the dilute-acid strength is equivalent to an

aqueous acetic acid solution at less than or équal t0 0.02 N.
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bi nder, Al[err]Jerr], and one or nore of the follow ng oxide particles of
Fe[err]err], Fe[err]derr]., CoOor -Coferr}derr]. In another enbodinent,
the colloidal alumna is from 10 to 30 iarts by weight, Al[err]derr] is

| | y
Coter 1 cter cear ¢t o RN RHY L, Dot ocrL s cordmmestd

anot her enbodi nent, the cat al*ystc and bi nder system can be used as a

desiccant. I n one enbodi nent, the system Corq,rf@?fs é{%ﬁjfﬁgg ( um na as a

bi nder, Al[err]Jerr], and one or nore of92th f zeolite,
MO, or Thgerr]. |n another enbodinment, the 15 col | ¢i dal al um na
is from 10 to280 pdhe pragpss,of Claim 24, whesein thediinte]acid strénptinis tquivaldd tpan t s by

wei ght, and zeolit regeach fr 90 parts by :
wei ght. I n anot hergg‘?%gg?cr?‘g%f‘%gﬁgﬁggaa{gﬁﬁ/@” 3%edluﬁlﬁﬁ]8éﬂ%§ystem can be used
as a catal yst support. In one enbodinent, the system conprises coll oidal
al um na as a hj.,nde Al Jerr err 0. . " .and one or nmopre of the
fol | owi ng oxi g : pa?PFET%gssdk%%“z’Wﬁ Q}eﬂlgte!aﬁgaﬁmgﬁype@.ﬁ%mtﬁm , the
col | oi dal al uni na lagudoti®#Bedi® adi® sohetiodaut leSs thin WedqRllto 0DDE R F1 A err] is from1 -
to 90 parts by weight, and MJO or ThJerr] are each from1l to 90 parts by

wei ght. I n another enbodi nent, the catal yst and bi nder system can be used

to adsorb iongp25 .on |ldquid.stream | n one enbodi nent,
the system co%())'ri some 8’61“?‘895?7 a| F g’m‘g%geﬂggheéﬁ 1@‘.”&88?{“’“.@1}&{3%%?%@%@ and
copper oxide. |n yequeanoiadetic acdrishatiomnnless theocsylialado dAD1 N.

31.  The process of Claim 24, wherein the oxide prior to or after acid treatment is

not sintered.

32.  The process of Claim 24, wherein the oxide adsorbent particle is silicon
dioxide, manganese oxide, copper oxide, vanadium pentoxide, zirconium oxide,
iron oxide, or titanium dioxide.

33.  The process of Claim 24, wherein the adsorbent particle is zeolite.

34.  The process of Claim 24, wherein the acid contacting is more than a surface

wash but less than an etching of the particle.
35.  The particle made by the process of Claim 1.
36.  The particle made by the process of Claim 5.
37.  The particle made by the process of Claim 24.

38.  The particle made by the process of Claim 32.
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alumna is from1l to 98% by weight, the alum numoxide is fromis from1l to
98% by wei ght, and the copper “oxide trs-from.1l to 98% by weight. In a

preferred enbodi nent, the mnals from10 to 40% by wei ght,
t he al unm num oy ép@, fro m V\D 97/ 47380 PCT/USY7/09938
PCT/ US97/ 09938 50 70% by’ wet gt , pper oxXi de i's from 1 to 20% by

wei ght. The ion that is adsorbed | ncI udes but i k H-ted n ani on,
an oxo-anion, a poly-oxoanion or a mxture the 353 ISHEéhb%SeBE% odi nent ,
t he system conprises colloidal alunina bif8er and t RERVACED c! e corrpri ses
al um num oxi de, zinc_oxide and copper.  oxide. In another enpodi
the system compd®-ses The negiclenf GAaim 35, wharein Baid pasticls passes the BﬁAtTQ!-IPéeﬂé'?&ﬂ'l ses
al um num oxi de and ?&mﬁ[ﬂfe Sdtiiinank N @not her enbodi ment, the catal yst and
bi nder system can ericapsul ate a contam nant within an adsor bent particle.
The acid enhanced adsorbent and/or catalyst 10 particle of

tsﬁ?;i on | above @nd 'I‘hréepngxcpeo?Cla?QQQ % ggngg l%ent ar ol ea?:lr oxi de particle of

41. A process for reducing or eliminating the amount of contaminants in a liquid or
gas stream comprising contacting the particle of Claim 35 with the liquid or gas
stream for a sufficient time to reduce the amount of or eliminate the

contamination from the liquid or gas stream.
42.  The process of Claim 41; wherein the stream is liquid.
43.  The process of Claim 41, wherein the stream is gas.

44.  The process of Claim 41, wherein the contaminant is lead, phosphate, selenium,

or zinc.

45. A composition comprising the aluminum oxide particle made by the process of
Claim 1.

46.  The composition of Claim 45, further comprising a second oxide adsorbent

particle.

47.  The composition of Claim 46, further comprising a cross-linked colloidal

aluminum oxide binder.

48.  The composition of Claim 45, further mmpﬁsing snhcon dioxide, manganese
oxide, copper oxide, vanadium pentoxide, z_irconiju"n oxide, iron oxide or
titanium dioxide.
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section |l may be used to _encapsul ate a contam nant. Upon heating the
adsorbent particle that has adsorbed—a-coentanm nant to a sufficient

tenperature, the pores of”", : i1l close and encapsul ate the
cont am nant \%&?ﬁ,,pmww pa m@iﬂ'nﬂ@mﬂoodl ment, the curippg Sigat ure
Is from450[err]C to 1200[ &rr§ C. pra y frq errC
Upon heating 15 the particle or the bi nﬂﬁﬁiﬁ ETiRASeBEEN{em the
pores of the particle, binder or both will cloge andREpigkgBBul at eft he
contaninant. The acid that is used to en8fance ‘rire—partitte—of—section |
above and the acid_used to,cross-1link the binder and oxi de adsorbent and/or
catal yst parti4dl e Jpecemposionof Glaim 43, fasthes comprising a zeolite. hehave as a bl owi ng
agent. The term bl owi ng agent is defined herein as any reagent that can
nodi fy a physical property of the particle. Exanples of physical properties
that can be m88if i ddie compasitioniofiClaim 45, futther icomprisihgt copperokale andimengangser e :

area, bulk density density and porosity. | n _gne enbodi nent, the
bl owi ng agent can B’enﬁg’ﬁhge%%fm ngg?’o&tﬁ%y@&g@wgnéﬂ em&ﬁpﬁeveéa?ggenm{d to be
bound by theory, i enbaacddel i eved that the acid can. bind with the particle 25 °
of section | during acid treatnment or enhancenent or the acid can bind to
t he bi nder and/ or oxi de adsorbent and/or catalyst systemof this section

during the Knead! nang Boimgiidon St Olind 56 Rmercfhe C6iTRbsblon oBARrfIE SOTRGASP dur O

the curing step to produce gasses. The resultant’ gas
particle, which rebymeight of sa arid cnaaces dlvmisumoxide, ladpartshyvesight of said

copper oxide, and 1-49 parts by weight of said manganese oxide.

52.  The composition-of Claim 51, wherein said copper oxide is CuO and said

manganese oxide is MnO,.

53.  The composition‘of Claim 50, Wherein said.composition passes the EPA TCLP
test for trichloroethylene.

54.  The composition of Claim 45, further comprising a noble metal.

55.  The composition of Claim 45, further comprising a catalyst particle.

56.  The composition of Claim 45, further comprising an adsorbent particle.

57. A process for reducing or eliminating the amount of an organic contaminant in
a liquid or gas stream comprising contacting the composition of Claim 50 with
the liquid or gas stream for a suifficient time to reduce the amount of or

eliminate the organic.contaminant from the liquid or gas stream.

58.  The process of Claim 57, whéf_éin the organic contaminant is a chlorinated

organic.
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area bul k density, skelet aI""ijré"ﬁ‘s‘l“T'y and porosity. By varying the physical

properties of the 30 act Ivity of the adsorbent

and/ or activity of the cat al : g""mrﬁmmﬂ WD 97/ 47380

PCT/ US97/ 0993848 brfaginot her , S i nvention rel at ggrivasmesss
conposition for binding adsorbent and/or catalytic particles to produce an
aggl onerated particle conprising (a) a collof figs swrEF HAKIBEEN]r col | oi dal
nmetal | oid oxide and (b) an acid. In this co nbodi nment ,
the col | oidal metal oxide or colloidal nefal ' des col | oi dal
alum na or collqgidal_ silica. this co ition, in one e t he
acid is acetic 58ci dThe process °fCE“ g5 7, ivherst n@&i@i‘&i‘““’l"ﬂ“‘éﬂﬂ?ﬁéf’ @ﬁ‘gb@m t he
i nvention relates to a nmethod for binding adsorbent and/or catal ytic
particles, conprising the steps of: (a) m xi ng col | oi dal al um na or

col l ordal silid@ wf epmequﬂaon 8%, whetein saidisiduction ©r elimination is by a catalyticy)

agitating the mxturg '%&)a Rgpo%gnelty and

61. A composition comprising (1) a particle made by the process comprising
contacting a particle comprising a non-amorphous, non-ceramic, crystalline,
porous, calcined, aluminum oxide particle that was produced by calcining at a
particle temperature of from 300° C to 700° C, with a dilute acid for a
sufficient time to increase the adsorbent properties of the aluminum oxide
particle and (2) copper oxide and (3) manganese oxide, wherein said copper

oxide and said manganese oxide have not been acid enhanced.

62.  The composition of Claim 61, wherein the particle temperature is from 400° to
700°C.

63.  The method of Claim 1, wherein the particle, prior to contacting with the acid,
further comprises a second type of adsorbent and/or catalytic particle and
further comprises a binder comprising a colloidal metal oxide or colloidal

metalloid oxide.

64. The method of Claim 63, wherein the binder is cross-linked to at least one of

the particle types or to itself.

65.  The method of Claim 1, further comprising,

(1) mixing the resultant particle of Claiin 1 with at least one other type of
adsorbent and/or catalyst particle, a binder compr"i‘_Sifng colloidal metal oxide or
colloidal metalloid oxide, and an acid; and

(2) heating the mixture to a suﬂicient temperature for'a sufficient time to cross-link

the binder to at least one type of particle or to itself.
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(c) heating the m xture for @ sufficient time to cause cross-I|inking of
t he al um num oxide in the m I n oné‘“ema@dl nment, the coll oidal alumna
or coll oi dal SI [ ca i's coll/oi W anot her enbodi nent, the

col | oi dal al Sahgy from 20% ){ﬂ of the m xt uggggRB

anot her enbodiment, the acid is ni tri d’ ael I 1. ANCHORED ENT AND/ OR
CATALYST SYSTEM The use of organi ¢ and inorgam-e—materials as catalyst
systens is known in the art. 20 ThedBISCSHEETY HS SREFRCY t SySt ens

are capabl e of b| nding with a horrogeneou§5ca al ystREPRAD gengous cat al yst
I's defined as a t hat in the s tapts. There
are two main 4 ?‘5@&?"?‘6 %Félf"ﬁ YE%Q“QIW‘@F’@H}?BW?“W’&WBFW R#EIEIA nat i on
with a homgeneousnﬁ@swms rooksh oF Einih 1 p REACRAGTinG F5abUPhypk BET [ bound
or conplexed to the support is recovera ter t e reactl I's conpl ete.
A nunber of honpgendseiben mﬁ/@ryimlzswmcleandabmde!tdomnan&cdbddlmctakdxaleart are
expensi ve to manuf the recovery of these materials is

i mportant. Second, &C%()%ﬁal%%?ﬂf{%&enhance the activity of the anchored
honbgeneous catal yst. An anchored catalyst is defined as a catalyst that is ’

bound to a su g,;zor t Tﬁé/ gotn?posmon of Claim 66, wherein the binder is cross-linked to at least one

of the particle types or to itself.

68.  The method of Claim 24, wherein the particle, prior to contacting with the acid,
further comprises a second type of’ 5a’d§§rbent and/or catalytic particle and
further comprises a binder comprising cblloidal metal oxide or colloidal
metalloid oxide.

69. The method of Claim 68, wherein tih'e_binder is cross-linked to at least one of
the particle types or to itself.

70. The method of Claim 24, further comprising,

(1) mixing the resultant particle of Claim 1 with at least one other type of
adsorbent and/or catalyst particle, a pinder compri&ihg colloidal metal oxide or
colloidal metalloid oxide, and an acid; and

(2) heating the mixture to a sufficient témpgrature for a sufficient time to cross-link
the binder to at least one type of partxcle or to itself.

71.  An adsorbent and/or catalyst and bmder compostion comprising the particle
made by the process of Cléim 24 and ﬁarther comprising a second type of
adsorbent and/or catalyst particle and a binder comprising colloidal metal oxide
or colloidal metalloid oxide. a

72.  The composition of Claim 71, wherein the binder is cross-linked to at least one

of the particle types or to itself,
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WD 97/ 47380 T PCT/ US97/ 09938
52 The conpl exation of a an inert support, for exanple, a
pol ymer such as pol YStYre i‘m ,i Hﬂﬂl’”ﬂ,ﬂocus of extensive research in the
prior art. Thewqmmjaorret | yst supports have strgsoives®ss used
extensively in catalytic reactlons A review :
is disclosed in Valentine et al., "Technol ogi. Anchor ed
Cat al ysts Preparation,” Am Chem Soc. : _ 7(3), pp. 5
608- 10, 1982; Pittman et al. "Unusual Sel eg\cgt ivities |1 n Hydrofornyl ati ons
Cat al yzed by P yner
Car bonyl hydrotr S(t r‘i‘&%@’%@%‘rﬂ{%‘&ﬂ“ﬁéf‘?ﬁ%&?wdmj “‘ﬁ&!ﬁ”&ﬂ%f’“%ﬁemvm
98(17), pp 5402-5, Ilhprisdgcobson et al., "Selective Hydrogenation of
4- Vi nyl cycl ohexene_Cat al yzed by Pol yner - Anchor ed
Car bortyl chl or obi s?‘@r‘?“ﬁ!?&ﬁ?!“ PPRSBISISPMBSIRE di um " J. Mbl. Catal. Vol. 1(1), pp
73-6, 1975, Pittman aly
(5- Vi nyl cycl opent adl(gjnyl )Jn%dgfgon?ﬁxiﬂm#t rosy{mm%%oﬂ{lﬁa% 8éllme\/aur?§/ oxide,
Organonet al | i c Monorfe) ", awmside adiochent and/ovoatalyst particle, &@0- 565, 1978; and
Cotton et al. "Advantggd Inorganl c Chenmistry; A Conprehensive Text," 3rd
edition, pp 620-801

(i) removing a sufficient amount of water from the mixture to cross-link

ts systens

components a and b to form an adsorbent and/or catalyst and binder
system.

74.  The method of Claim 73, wherein the removing is by heating or by using a
drying agent.

75.  The method of Claim 73, wherein the removing is by heating.

76.  The method of Claim 73, wherein the binder comprises colloidal alumina,
colloidal silica, a colloidal metal oxide wherein the metal is iron, or a mixture
thereof.

77.  The method of Claim 73, wherein the binder is col[oidal alumina.

78.  The method of Claim 73, wherein the binder isfrd_'xh 1% to 99.9% by weight of
the mixture.

79. The method of Claim 73, wherein the binder is ooll_l__oidal alumina and is from
10% to 35% by weight of the mixture.

80.  The method of Claim 73, wherein component b comprises at least two different

types of oxide adsorbent and/or catalyst particles.
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Al t hough a nunber of support syStens-are known in the art, they are limted

in that 15 current| orts systens are limted to
reacti on conditions where thu,mmgﬁﬂ:mh” | e. The prior art support
systens are cppReange of an oryant ¢ POy Ter'‘Mackbone, or a sipeghfefigsaaonent
nmetal oxide system In one enbodinent, the inwention relates to an ‘
adsor bent and/or catal yst and bi nder 20 THIS SH¥st ' i sing: (a)
a pendant |igand substituted or unsubstituted bi ndREPLA ?%NP a pendant
li gand substituted or unsusbtituted oxi dé8ad '- iHe catal yst

particle, wherein | east, gne .of _conponents (a a'nd (b) is pendant |igand
substituted, ahd 2glth°m od of Claim 73, bmpsmp@sn%bmmsqwlqast@mss-| i nked

with component (b) giffient WiRHBideldabstodih ifer ARMstiSHaRS! [ LUt ed oxi de
adsor bent and/or oxi de catal yst par t?timc’?ggﬂg rd%@r?e " herein as a particle
that has free hydroxyl groups that have not been substituted with an

adear bent and/Br o SRERTHe ClaHIS R bbmpohaf Moot R . e

previ ous section particle.

83.  The method of Claim 73, wherein component b comprises a non-ceramic,

porous metal oxide particle.

84.  The method of Claim 73, wherein component b comprises a particle of an
oxide of aluminum, titanium, copper, vanadium, silicon, manganese, iron, zinc,
zirconium, magnesium, calcium, strontium, barium, boron, gallium, indium,
thallium, germanium, tin, lead, arsenic, antimony, or bismuth or zeolite or a

mixture thereof.

85.  The method of Claim 73, wherein component b comprises a mixture of at least
two metal oxide particles having the same metal with varying stoichiometry and

oxidation states.

86.  The method of Claim 73, wherein component b comprises aluminum oxide,
titanium dioxide, copper oxide, vanadium pentoxide, silicon dioxide,

manganese dioxide, iron oxide, zinc oxide, zirconium oxide or zeolite particie.

87.  The method of Claim 86, wherein component b further comprises a second
type of adsorbent and/or catalyst particle of aluminum oxide, titanium dioxide,
copper oxide, vanadium pentoxide, silicon dioxide, manganese dioxide, iron

oxide, zinc oxide, zeolite, activated carbon, peat, zmc or tin particle.

88.  The method of Claim 73, wherein component b comprises a non-amorphous,

non-ceramic, crystalline, porous, calcined aluminum oxide particle that was
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wWo 97/47380 T PCT/ US97/ 09938
53 entitled "Binder and Oxi dedm Oxi de Catal yst System' can
be used as the unsubstituted ﬂﬁ "'ﬁlmmnmm Ituted oxide adsorbent

and/ or oxide cgbahMeseparticles afd sysvens. s[n' one enbod e ¥CTrusorogs9Isnder
can be a colloidal netal oxide or a coIIO|daI 5 : metal | oi d oxi de,

preferably colloidal alumna, colloidal silic oxi de
wherein the nmetal is iron, or a mxture t reofnﬂ§r@é§?m}g@'§referabl y
col loidal alumina, colloidal silica, or a - xtlure t REPEABED and ¢ven nore
preferably coll oi dal aIu l.n_ope enbodi xL de adsorbent and/or
oxi de catal yst partifP nég}f)&’r‘ﬂ%{m&f@rmmnnwew ﬁaﬁm YRR 1 n

anot her enbodi nent, 1@13 eraturSoflfRiptaU b gaort.substi tuted. I n an anot her

enbodi nment, the oxi e adsorbent and/or oxide catalyst particle and the
bi nder are both pendant |igand substituted. The substituted binder and

oxi de adsor bent gand/ | kS -
cont ai ns at Ieas’éi ongﬁep@%gf?@%‘g‘a%d% ptéﬁé(?gg]c?.eflflg%n moﬁd&ﬁ%ﬂﬁ%@ﬁﬁerel n as

a noi ety having at |gnneta, ckiehe,@metadinng gr oup and, optionally, a tether
end. The conpl exi ng

90.  The method of Claim 89, wherein the calcined aluminum oxide particle was

pretreated with an acid activation treatment.

91.  The method of Claim 73, wherein the acid comprises an aliphatic or aryl

carboxylic acid.

92. . The method of Claim 73, wherein the acid comprises nitric acid, sulfuric acid,
hydrochloric acid, boric acid, acetic acid, formic acid, phosphoric acid or
mixtures thereof.

93.  The method of Claim 73, wherein the acid is acetic acid or nitric acid.

94.  The method of Claim 73, wherein the concentration of the acid is from 0.15 N
to 8.5 N.

95.  The method of Claim 73, wherein the removal is from 25°C to 400°C.

96.  The method of Claim 75, wherein the heating is from 70°C to 150°C and the

binder is colloidal alumina or colloidal silica.

97.  The adsorbent and/or catalyst and binder system jlflade by the process of Claim
73.
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group is typically the noiety of 'the pendant |igand used to attach or bind
to a netal conplex, whereint an be a honobgeneous catal yst
that is known in the art and m’!@["ﬂ 'maﬂ mnf exanple, in Collmn et al.,
"Principles rsorikighi cations of+ L W s wxganotransitipgn. Mebalye

Chem stry," Ch. 2, 1987, can be used herein. In one-enbodi n‘g‘g{ h_t@e’ :
conpl exing group is a group with a |one-pair (m e S ot hi s case,

t he conpl exi ng group can bind to another noikg y,S&k/ﬁq xﬂé$ B;E dgwi s aci d- base
i nteraction. Exanples of groups that posi¥ss] “WAERAGEDT el dctrons and

can behave as conplexing agents include but are not limted to a hydroxyl
group, an et héf. WEAPHF'QH%?"" and/orsatalyst and bindersystem comprising a bindez shat has

di substituted am n; I i @l et L Lt ine or a
m xture thereof. T)S/Toelngé F?,ﬁ&?h‘gﬂ'p%?%%gWgé’ﬁghﬁggﬁé’*b{‘@tﬁg’Ppg@%% (or
"tether end"), butpa#mtielein there are enbodi nents wherein the conpl exing
group can direct bond to the binder/oxi de adsorbent and/or catal yst system
wi t hout a tether. WD 97/ 47380

PCT/ US97/ 09938954 The system of Claim 98, wherein the binder comprises a colloidal metal oxide

or colloidal metalloid oxide.

100.  The system of Claim 98, wherein the binder comprises colloidal alumina,
colloidal silica, a colloidal metal oxide wherein the metal is iron, or a mixture

thereof.

101.  The system of Claim 98, wherein the binder comprises colloidal alumina,

colloidal silica, or a mixture thereof.
102, The system of Claim 98, wherein the binder is colloidal alumina.

103. The system of Claim 99, wherein the binder is from 1% to 99.9% by weight of
the mixture.

104.  The system of Claim 99, wherein the binder is colloidal alumina and is from
10% to 35% by weight of the mixture.

105.  The system of Claim 99, wherein the oxide adsorbent and/or catalyst particle
comprises at least two different types of oxide adsorbent and/or catalyst

particles.

106. The system of Claim 99, wherein the oxide adsorbelit_ and/or catalyst particle
comprises at least three different types of oxide adsorbent and/or catalyst

particles.
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I n anot her enbodi nent, the corrﬁT“exTTig‘*group can—-be an unsaturated organic

noi ety. The unsaturated organic Is not limted to a
cyclic, acyclic or aromatic noi e ”"I m" ,n"ent the acyclic
unsat ur at ed Orga @0l ety can |ne ude mted topenvusdmbIse, an

allyl, a diene, a triene or a mxture thereof In yet anot her enbodi nent,
t he acycl i c unsaturated organic noiety has thg—ferrHa
-(CH=CH)[err]CH=CH err], 5 - wher ej_n. th THES SHEET HASOBEEN br ef er abl y
from1l to 3. In another enbodi nent, the cHHpI Xi ng BEmJAnEpan bej a cyclic

unsat urated organic lety. anmpl es. of, cycl i.c_unsat gr af;e noi eti es
i ncl ude but arg 2 sf%b"gt%ﬁ @PB’B@’H‘P&%‘?@W& Sf'gﬂg ?raniafquéﬁgarﬁcl

cycl ooct adi ene, cyckgﬁgﬁﬁggggﬁeoﬁdeme(ture thereof 10 I'n anot her

enbodi ment, the conpl exi ng agent can be an aromatic unsaturated organic

noi ety. Exarrpl es of aromatic unsaturated organi c rml eties include but are
not limted to nz 4951 15

The pendant I|g§§d %F&%gﬁ@? g%eﬂ’h%gﬁ‘gﬁtet er: en %ﬁe tet)ﬁ'e?ﬂae
connects the conpl exommsgsmnqm—emtnm,fpdrdmsmetgaHdemmmlee bi nder or oxide
adsor bent and/or oxide catal yst particle. If no tether is present, the
conplexing group is directly attached to the binder or oxide adsorbent

and/ or oxide caog! yThe Bybteni 6 Claim Ve whéreiddhe it B5TbEN ARI/bSGutadyat pdriigat | C

comprises particles of an oxide of aluminum, fitani_um, copper, vanadium,

silicon, manganese, iron, zinc, zirconium, magnesium, calcium, strontium,
barium, boron, gallium, indium, thallium, germanium, tin, lead, arsenic,

antimony, or bismuth, or zeolite, or a mixture thereof.

110. The system of Claim 99, wherein the oxide adsorbent and/or catalyst particle
comprises a mixture of at least two metal oxide particles having the same metal

with varying stoichiometry and oxidation states.

111. The system of Claim 99, wherein the oxide adsorbent and/or catalyst particle
comprises aluminum oxide, titanium dioxide, copper oxide, vanadium
pentoxide, silicon dioxide, manganese dioxide, _i;on oxide, zinc oxide,

zirconium oxide or zeolite particle.

112.  The system of Claim 99, wherein the oxide adsorbent and/or catalyst particle
further comprises a second type of fedsorber_it_-'dp:_c'i_lbr catalyst particles of
aluminum oxide, titanium dioxide, cbpper oxide; vanadium pentoxide, silicon
dioxide, manganese dioxide, iron oxide, zinc oxi_&é, zeolite, activated carbon,
peat, zinc or tin particle.

113.  The system of Claim 99, wherem the oxide: a.dsorb'ent and/or catalyst particle

comprises a non-amorphous, non-ceramxc 'rystallme porous, calcined
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group, an aromatic group, a“sH—yI group,_ a_siloxy group or a conbi nation

t hereof or an 20 m nmer pol ynmer thereof The length of the
i

tether end can vary dependi ’mnﬂ ur I ?ho?e_ en?odl ment , t.ae
oup that is rq;&.}‘g%
fera 9‘}Bgrom 1

tether end cawoeymgeal i phat
carbons, preferably from1l to 10 car bons® dnd even more pre

to 5 carbons. The tether end can be branched -0 THW'SWEET‘GHASaEE’Ef\P b;titut ed
or unsubstituted. In another enbodi ment, the te¢ther ﬁ APER silane, a
pol ysiloxane, a mixed 25 ‘hydr o*@% bon

hydr ocar bon- si | oxang, .or a . xtuyre thereof .1 n anot her enbodi ment, the
i nvention rel ates Pg’"ﬁw H%)?W le that,wasmpduced; by salcining:tho precurser tithdier

system COmpri si ng calcied aluindBtatlar h pARRE tetRidrk U 6l 3b04ORMftdbEL Ut ed
bi nder, and WO 97/ 47380 -

PCT/ U897/ 09938 55 (b) a pendant |igand substituted or unsusbtitutéd oxide
adsor bent and/jqy O)i'hggys(t‘eﬁ 8t Eiiin Al H:erem 'the capcmed alummum oxide particle is in

the gamma, chi-rho, or eta form.

115.  The system of Claim 114, wherein the calcined aluminum oxide particle was
pretreated with an acid activation treatment.

116.  The system of Claim 98, wherein the bi_nder is colloidal alumina and the particle

comprises aluminum oxide, copper oxide, and manganese dioxide.

117.  The system of Claim 98, wherein the binder is colloidal alumina and the particle

comprises aluminum oxide and catbon.

118.  The system of Claim 98, wherein the binder is colloidal alumina and the particle

comprises copper oxide and manganbée dioxide.

119.  The system of Claim 98, wherein the binder is colloidal alumina and the particle

comprises aluminum oxide, copper oxide, manganese dioxide and carbon.

120.  The system of Claim 98, wherein the binder is colldit_ial silica and the particle

comprises aluminum oxide, copper oxide and manganese dioxide.

121.  The system of Claim 98, wherein the binder is colloi_d_:_d alumina and the particle

comprises aluminum oxide, gallium ox@q_le’ and copp;%bxide.

122.  The system of Claim 121, Wherei_nﬁt_tfg.;_'cblloidal alumma is from 1 to 97% by
weight, the aluminum oxide is from fg from 1to 97%by weight, the gallum
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(c) a netal conplex, wherein at |east one of conponents (a) and (b) is
pendant |igand substituted, wherein conponent (a) is cross-linked with
conponent (b), and wherein the netal 5 conplex (c) is bound

to component ( ﬁ/a?ys ' (b). The pendant |igand substituted Bicifisoenss
oxi de adsorbent an cat al yst system descri bed above can be incorporated

with a netal conplex. As discussed above, the ssesses a
conpl exi ng group which can bind to a netal co ' BEEN
Exanpl es of metal conpl exes that can be bdfhdito t BEﬂh tuted bi nder

and/ or catal yst systeminclude but are not limted to, a netat nmet al
carbonyl conpl ex,  nedde ipfremrie 9%y wsight, andthe.goppgriowide isfram & fo sléﬁ'ﬁ’é(t al
hydride conpl ex, a ngLiad, ol efin conplex, a netal acetylene conplex, a netal
pol yene conplex, a netal halide conplex or a mxture thereof In one
enbodi-nent the metal s that can be used in netal carbonyl conpl exes, netal

(1:grrpl exes, rreta ace’féaﬁ ﬂgﬁgﬁﬁgﬂf@}@ %ﬂggolﬁiélﬁéﬁ@g%lt{e@egko%ﬁ%&

hal i de conpl exes i nCvlveidlﬁt the alumirmsoxidedis frond$frbra 40 te 926 dy aeight) itibegatiimim| s. I n
one enbodi nent, the salt can be a halide, a carbonaftrqml &8‘?- | ate, a

20 bi car b “és frgm 1o dQvafmareightcrng the GOpPE SRIdE hi um

sodi um potassium rygpgi um

124. The system of Claim 98, wherein the binder is colloidal alumina and the particle
comprises aluminum oxide, and a mixed oxide comprising manganese dioxide,

2

aluminum oxide and copper oxide.

125. The system of Claim 124, wherein the colloidal alumina is from 1 to 98% by
weight, the aluminum oxide is from is from 1 to 98% by weight, and the mixed
oxide is from 1 to 98% by weight.

126. The system of Claim 124, wherein the colloidal alumina is from 10 to 40% by
weight, the aluminum oxide is from is from 10 to 40% by weight, and the
mixed oxide is from 20 to 70% by weight.

127.  The system of Claim 98, wherein the binder is colloidat alumina and the particle
comprises aluminum oxide and copper oxide.

128. The system of Claim 127, wherein the colloidal alumina is from 1to 98% by .
weight, the aluminum oxide is from is from 1 to 98% by weight, and the copper
oxide is from 1 to 98% by weight.

129. The system of Claim 127, wherein the colloidal alumina is from 10 to 40% by
weight, the aluminum oxide is from is from 30 to 70% by weight, and the
copper oxide is from 1 to 20% by weight.
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cesium francium magnesium calcium strontium barium radon, the
transition netals, the lanthanide nmetals or the actinide netals as the
nmetal noiety. In another enbodi nent, the nmetal carbonyl can be a

nono- nucl ear B@W nucl ear 25 bi nary carbonyl Gforsdoisgbasy tiON
nmet al . Exarerves of netal carbonyls useful in the pr esent I nventr1on 1 nctude
but are not Iimted a nono-nuclear or poly-nu | -
phosphi ne, carbonyl - phosphi te, carbonyl -ol efinf W%r%ﬁ?%@gggw ¢ne,
car bonyl - cycl opent adi enyl corrpl exes cd®bonyl|- hydr REBLACGED carbonyl - hal i de
of a transition netal

PCT/ US97/ 09933056 Hiesysiem §f QP{!F! %l demefhe Binder dx polleidatrlumipe. ard the Batsifle
catal yst system cal n@ﬂ éé%ﬁﬂutﬁﬁﬂ&ﬂ&é‘%{oﬁ?é&rﬁ%t@&% ddeto a netal

conpl ex, which acts as a second cat n one |nent t he second
catal yst can be a honogeneous catal yst. A nunber of hoaneneous catal ysts

are known in e t and arg, di osed.in Parshall . " e

Catal ysis, " 1@’@0. a%?iﬁ%?’@é@?’"hﬁﬁo&%ﬂ@g\}ge @?@ﬁ@?@?ﬁﬁ#ﬂgﬁfp g}eaf?’gﬁchor ed to

t he weight, the aluminum oxide is from is from 1 to 97% by weight, and the copper )
oxide is from 1 to 97% by weight, and the zirconium oxide is from 1 to 97% by

weight.

132.  The system of Claim 130, wherein the colloidal alumina is from 10 to 40% by
weight, the aluminum oxide is from is from 30 to 70% by weight, and the
copper oxide is from 10 to 20% by weight, and the zirconium oxide is from 1
to 20% by weight.

133.  Thesystem of Claim 98, wherein the binder is colloidal alumina and the particle

comprises aluminum oxide and silver nitrate.

134.  The system of Claim 133, wherein the colloidal alumina is from 1 to 98% by
weight, the aluminum oxide is from is from 1 to 98% by weight, and the silver
nitrate is from 1 to 98% by weight.

135. The system of Claim 133, wherein the colloidal alumina is from 10 to 40% by
weight, the aluminum oxide is from is from 30 to 70% by weight, and the silver
nitrate is from 1 to 20% by weight.

136.  The system of Claim 98, wherein the binder is colloidal alumina and the particle
comprises aluminum oxide, magnesium oxide, manganese dioxide and copper

oxide.

137.  The system of Claim 136, wherein the colloidal alumina is from 1 to 96% by
weight, the aluminum oxide is from is from 1 to 96% by weight, the
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5 substituted bi nder and oxi de adsorbent and/or catal yst system
I ncl ude but are not limted to a hydrogenation catal yst, an oxidation
catal yst, a hydrofornylation catalyst, a reduction catal yst, an

| soneri zati on ywglo@k¥sd ., a pol ynmeri zation, a carbonyl ati on cateryse7/oess
reform ng catalyst, an olefin nmetathesis catal yst, _a_Fischer-Tropsch

catal yst, a gasification catalyst or a m xture| THEr SREFTLHASL BERROt her
enbodi nent, the invention relates to a nethod for pr@pﬂgbgﬁg a pendant
| i gand substituted adsorbent and/or catal s Long:l (i)
m xi ng conponents, conprising: . a pendant. |'i gand substit ut ed. or
unsubstitut ed bi ndelmagnggygﬁipglgg%@étoﬁﬁ%ywe:ght,tﬂe_manganesed:omdtelsfrgrglll oi dal
metal oxide or a Cokd obwldl weRihelsh@ind coppedBxidé lafrom BtorsKIBWeighigand
substituted or unsubstitﬁ?ed of’(li de ac?g%ﬂr bent and/or oxi de catal yst
particle, and (c) an acid, wherein at | east one of conponents (a) and (b)
Is pendant lig S | Ml : : o (thiabo, yeMoOVi ng
a sufficient aanlgg‘nt '12,? %svg#ﬁe&b?@np? h‘é’h%elg%ercgll?lgalcapugggﬁlrPﬁ@qo thlab% ¥

’ weight, the aluminum oxide is from is from 30 to 70% by weight, the

magnesium oxide is from 1 to 30% by weight, the manganese dioxide is from 1
to 20% by weight, and the copper oxide is from 1 to 20% by weight.

139.  The system of Claim 98, wherein the binder is colloidal alumina and the particle
comprises aluminum oxide, copper oxide, and a mixed oxide comprising

copper oxide, manganese dioxide, and lithium hydroxide.

140. The system of Claim 139, wherein the colloidal alumina is from 1 to 97% by
weight, the aluminum oxide is from is from 1 to 97% by weight, the copper
oxide is from 1 to 97% by weight, and the mixed oxide is from 1 to 97% by
weight.

141. The system of Claim 139, wherein the colloidal alumina is from 10 to 40% by
weight, the aluminum oxide is from is from 30 to 70% by weight, the copper
oxide is from 1 to 20% by weight, and the mixed oxide is from 1 to 20% by
weight.

142. The system of Claim 98, wherein the catalyst and binder system comprises
colloidal alumina, aluminum oxide, and one or more of the oxide particles of
V,0,, WO,, WO,, TiO,, Re,0,, As,0;, As,0;, 0s0,, Sb,0, or mixtures

thereof.

. 143. The system of Claim 98, wherein the catalyst and binder system comprises
colioidal alumina, aluminum oxide, and one or more of the oxide particles of
V,0,, Zr0,, TiO,, MgO, ThO,, lanthanide oxides or mixtures thereof.
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conponents (a) and (b) to forma pendant |igand substituted adsorbent
and/ or catal yst and bi nder system 25 The met hod further
conprises(iii) binding a netal conplex onto the resulting system of step
(ii) to form gﬁﬁhored catal yst system The unsubstitute | nd
unsubstitute gg? e adsorbent and/or oxi de catal yst particlggggggﬁﬁgﬁ .
present invention can be converted to the pendant |igand substituted

anal ogs 30 using techni ques wel | ‘KNI SHEE rgg@ d are
disclosed in Eisen et al.,"Catalytic Actl@f tly 1 égg

PCT/ US97/ 09938 57 of Sone | mmuobilized _II)irho'iumf‘n_r,'_lr S One Bridging
Thi ol ato and dAd Bdhesysten ofiflaimP8, phercin thecatalyst andchinder systen) compsises) | pp

199-212, 1987; Ce . sl . ] t i Vi f
Substituted Cycl oggﬁitybéﬁ g‘%’“ﬁ'@é‘ﬂ?ﬁ%ﬁ@gﬁ%\gg’gg?%h%hdgghee?%ﬁ%ﬁfgf’foxanes

Prepared by a Sol - GaD, EnOCAgyD; Ag0, CdOfSuyBb@} V,05 &, MO, THIlaithanige

77-84, 1996; Doi etoxi Ls‘, or IVEE aIs erlégéer Catal ysis: Preparation and Catal ytic

145.  The system of Claim 98, wherein the catalyst and binder system comprises
colloidal alumina, aluminum oxide, and one or more of the oxide particles of
MnO,, Fe,0,, Fe;0,, Ru,0,, 0s0,, CoO, Co,0,, RﬁO, NiO or mixtures
thereof.

146.  The system of Claim 98, wherein the catalyst and binder system comprises
colloidal alumina, aluminum oxide, and one or more of the oxide particles of
Fe,0,, Fe,0,, CoO, Co,O3 or mixtures thereof.

147.  The system of Claim 98, wherein the catalyst and binder system comprises
colloidal alumina, aluminum oxide, and one or more of the particles of zeolite,
MgO, ThO, or mixtures thereof.

148.  The system of Claim 98, wherein the catalyst and binder system comprises
colloidal alumina, aluminum oxide, and one or more of the oxide particles of
MgO, ThO, or mixtures thereof.

149. A method for reducing or eliminating the amount of a contaminant from a
liquid or gas stream comprising contacting the system of Claim 98 with the
contaminant in the stream for a sufficient time to reduce or eliminate the

amount of contaminant from the stream.

150. A method for reducing or eliminating the amount of a contaminant from a

liquid or gas stream comprising contacting the system of Claim 99 with the
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5 Properties of Anionic Trinmtheniumdusters Anchored to
Functionalized Silica," Inorg. Chim Acta, Vol 105(1), pp 69-73, 1985; Doi
et al. "Metal Cluster Catalysis: Preparation and Catal ytic Properties of a
Tet rar ut heni umyfg g4t Anchored to Silica via Phosphine Li ganata/ussdossdl .
Catal ., Vol 19(3), pp 359-63, 1983, which are he E B y these
references. 10 The reaction between the unsubsti d b8 BEENN/ or 2)
oxi de adsorbent and/or oxide catal yst pari{)] l e ahd._a LAGED - reaqt i ve
conpound produces the substituted binder oxi de adsor bent andror oxide
catal yst particle. In one enbodi nent . the_unsubstjtuted bin acts with
a hydroxyl -react i ve ©BRFAMHE sﬁﬁeﬂa&é‘sﬁ?ﬂﬁ%’ﬂ?hﬁ%}ﬁﬁ&%‘ﬁ%ﬁtﬁhﬁt ed 15

bi nder. I n anot her ejxkRel FRohtaminast fohs tHeStredmit ed oxi de adsor bent and/ or

oxi de catal yst particle reacts with a hydroxyl -reactive conpound to produce
a pendant |igand substituted oxi de adsorbent and/or oxi de catal yst
particle. In angther | .t i pder and an

unsubsti tut ed ogitflde %@rsm(;éflgden A%/lgg,%ﬂ}gﬁfggt a y‘sltatH gfrai icle react with a
hydr oxyl -reactive conpound to produce a pendant |igand substituted binder
and a pendant 2 '

catal yst parti c%,} T'Fhé’ ‘ﬁeéwlﬁia‘%ﬂ%@%’z&@%%}éﬁ%tsﬁ‘%‘%'gg%'?ﬁ%gs;\ggt% anégéag?i ae

| i gand substituted oxi de adsorbent and/or oxide catal yst

.153. The method of Claim 150, wherein the stream is a gas.
154. The method of Claim 150, wherein the stream comprises air or natural gas.

155. The method of Claim 150, wherein the contaminant from the liquid or gas

stream is reduced or eliminated by a catalytic reaction.

156. The method of Claim 150, wherein the contaminant from the liquid or gas

stream is reduced or eliminated by an adsorption reaction.

157. The method of Claim 150, wherein the contaminant is acetone, ammonia,
benzene, carbon monoxide, chlorine, hydrogen sulfide, trichloroethylene, 1,4-
dioxane, ethanol, ethylene, formaldehyde, hydrogen cyanide, hydrogen sulfide,
methanol, methyl ethyl ketone, methylene chloride, nitrogen oxide, propylene,
styrene, sulfur dioxide, toluene, vinyl chioride, arsenic, cadmium, chlorine, 1,2-

dibromochloropropane, iron, lead, phosphate, radon, selenium, or uranium.
158. The method of Claim 150, wherein the contaminant is hydrogen sulfide.

159. A method for catalyzing the decomposition of an organic compound
comprising contacting the organic compound with the system of Claim 98 fora

sufficient time to catalyze the degradation of the organic compound.

e
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particle may have free hydroxyl groups that have not been substituted with
the pendant ligand. Once the substituted binder and/or oxi de adsorbent
and/or catalyst particle have been prepared, they can be conbined using the
t echni ques diﬁ,&gy,pg“ above for preparing 25 t he bi ti]_g,q. m :QX' de
adsor bent and/or catal yst system The hydroxyl -reactlve corrpoung 'S any
conpound that is capable of reacting wth therft+ee—yeox qups of the
unsubstituted bi nder and oxi de adsorbent and/pfHgx$ Tcﬁf\élaﬁgﬂ particle.
The hydroxyl -reactive conpound al so poss¥¥ses| a corfBPeACED grodp and 30
can have a tet d as descrlbed above. | n oné enbodi ment, the
hydr oxy! -reactl pse hepbtlg d of Clagm 159, wheremthecatalytlcreactlonxsatroom
PCT/ US97/ 09938 58 Hepusid can be an al kyl ating agent, an al cohol, a
carboxylic acid, an organic ester, an organi c anhydride, an organic
tosylate, a trialkyloxoniumcation, a silane, a silyl halide, a siloxy

d .t hf or. ture
compounc, an 590 Rl NEbIIR 55 Sl g PSR ol U
al kyl ati ng agent. hydracarisonen

162.  The method of Claim 159, wherein the organic compound is trichloroethylene.

163. A method for reducing or eliminating a contaminant from a gas stream by
catalysis comprising contacting the system of Claim 99 with a gas stream
containing a contaminant comprising an oxide of nitrogen, an oxide of sulfur,
carbon monoxide, hydrogen sulfuie, or mixtures thereof for a sufficient time to

reduce or eliminate the contaminant amount.

164. The method of Claim 163, wherein the catalytic reaction is at room

temperature.

165. A method for adsorbing an ion from a liquid or gas stream comprising
contacting the system of Claim 99 with a liquid or gas stream containing the

ion.

166.  The method of Claim 165, wherein the ion comprises an anion, a cation, an

oxo-anion, a poly-oxoanion or a mixture thereof.

167. A method for regenerating the system of Claim 99 that has adsorbed a
contaminant, comprising thermally oxidizing said system or contacting said
system with (1) a reagent wash comprising aqueous ammonia, a phosphine, a
detergent or a mixture thereof; (2) an acid or base to cause a pH swing; (3) or

a Lewis acid or base.
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nore preferred enbodi nent, the al kylating agent is an aliphatic or
araliphatic halide. In one 5 enbodi nent, the aliphatic or
aral i phatic group can be from1l to 20 carbons, preferably from1l to 10
carbons, and eygyapee preferably from1l to 5 carbons. The alpcthmsereossnd
arallphatlc groups can be branched or unbr anched and substituted or
unsubstituted. I n another enbodi nent, a silylati sed.
Silylating agents useful in the present i nvent i on' TRCPRRES HAS B&ER {not

limted to alkyl and aryl silyl halides. |19.9anot her emBEBGACFRNt, 1
the silylating agent c a Si Iane 5|on
. hydr ocar bon- si | !ﬁ%e %"Wi}l?ag. W"écﬁf‘&#&?’@ A SEYE™ Once the

substituted binder agqgh e adsorbent and/or catal yst system has been
prepared, a netal conplex Can be bound, such as conpl exi ng, coordinating,
chel ating, 15 (l) rmxmgtsemonegtscpmpnm resulting system Techniques for

I ncorporating or t din
Gates, "Catalytic l\/a r| a ﬁ%&%’.@e&g %ﬁ&dﬂl wgﬁég&p&%;d%ﬁetﬂioﬁféﬁ&?
Chemi stry; An Energi@®y Diasﬁntmlrlsom atﬁbrtoewybtyparmmataimbenotlcroswmkﬂithper et
al. in "Advances in Chem X Seri,es 245, American Chem cal Society,

Washi ngton, D.C 1995, céﬁ'é‘“?lereby incorporated by these references.
Exanpl es of 20 ﬁc) ahqgihnl gues used to i ncorporate the netal conpl ex
onto the support include but are not linmted to vapor deposition, incipient
wet ness, aqueous i(ibpcmgyias p suffigent amauntpf setes from the mixture to cross-link

component a to itself, thereby entrapping and holding component b within the

cross-linked binder, to form an adsorbent and/or catalyst and binder system.

169. The method of Claim 168, wherein the removing is by heating or by using a
drying agent.

170. The method of Claim 168, wherein the removing is by heating.

171. The method of Claim 168, further comprising a second adsorbent and/or
catalyst particle that cross-links with the binder, thereby cross-linking the
binder and the second particle and thereby entrapping and holding the first
particle within the cross-linked binder and/or within the cross-linked binder and

second particle.

172. The method of Claim 168, wherein component b comprises an activated carbon

particle.

173. The method of Claim 168, wherein component b does not contain an oxide

particle.

174.  The method of Claim 168, wherein the binder comprises colloidal alumina,

colloidal silica, or a mixture thereof.
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i npregnation. In another enbodiment, the invention relates to a nethod for

produci ng an 25
conprising i)

adsor bent and/or catal yst and bi nder system
m Xi ng conponents conprising a)

col I oi dal  nmej@)era¥dggle or colloidal netalloid oxide, b) Fe10ide9Go93s
adsor bent and/or oxi de catalyst particle, and 30

an acid, WD 97/ 47380 -
PCT/ US97/ 09938 59 ii) renoving a suffici entﬁ%&’ﬂﬁ%fHAﬂaEEﬁN romthe

mxture to cross-1ink conponents a and b}o
catal yst and binder, system _iii) reactjn\rig t he resurrant—adss+bent and/ or
i

catal yst and BfhdefhepetedpbClas 158, pherpi

to forma pendant

176.

177.
178.

179.
180.

181.

182.

183.

gy 'ﬁis(ii\iﬁﬁll\\\\\l I

——— B I

or m aRERiAEBD bent fnd/ or

| i gand substituted

A composition for binding adsorbent and/or catalytic particles to produce an
agglomerated particle comprising (a) 2 colloidal metal oxide or colioidal
metalloid oxide and (b) an acid.

The composition of Claim 176, wherein the colloidal metal oxide or colloidal

metalloid oxide comprises colloidal alumina or colloiﬂa.l silica.

The composition of Claim 176, wherein the colloidal'metal oxide or colloidal

metalloid oxide is.colloidal alumina.

The composition of Claim 176, wherein the acid is acetic acid or nitric acid.
The composition of Claim 176, wherein the acid is nitric acid.

A kit for binding adsorbent and/or catalytic particles to produce an
agglomerated particle comprising (a) a colloidal metal oxide or colloidal

metalloid oxide and (b) an acid.

A method for binding adsorbent and/or catalytic particles, comprising the steps
of:

(1) mixing colloidal alumina or colloidal silica with the particles and an acid;
(2) agitating the mixture to homogeneity; and
(3) heating the mixture for a sufficient time to cause cross-linking of the aluminum

oxide in the mixture,

The method of Claim 182, wherein the colloidal alumina or colloidal silica is

colloidal alumina.
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oxi de adsorbent and/or oxide catal yst and binder system 5 Treatnent of the
unsubstituted bi nder and oxi de adsorbent and/or catal yst systemw th the
hydr oxyl -reacti ve conpound produces the pendant |igand substituted binder
and oxi de adsquBefhrsggd/ or catal yst system In_one embodi nentpcripernossss
unsubstituted binder reacts with a hydroxyl-reaﬁﬂgw§ﬁ§@qupgggn produce a
pendant |igand substituted binder. 10 n aﬁghaﬁ&penbodinent, t he
unsubstituted oxi de adsorbent and/or oxide catialyst _farticle-rgdcts with a
hydr oxyl -reactive conpound to produce a pdhdant |igand substituted oxide
adsorbent and/or oxide catalyst particle. |In another enbodi ment

. ) L
unsubstituted bl8fderTheretbed of{daimsk83: wherein ghe colloidal alyminais aw&%too%@%e
catal yst particle relﬂg; Mt Tmm xyl - reactive conmpound to produce a
pendant |i gand SUbStItulé“&OEIﬂ% er géf)ld a substituted oxide 15
adsor bent and/or oxide catal yst particle. Once the pendant |igand
substituted bin d oxid sorfent, and/or. ¢ si.sSystem has been
prepared, a net gﬁe%%@%‘ﬁ?ﬁ%@“ﬁ ﬁ?o?’%?‘ﬁt‘% cgfi %owucna ld?)nto t he support
usi ng-the techni ques descri bed above to produce an anchored catal yst

system 20 In another aspect, the invention re|lates to gln anchor, ed
adsor bent and/ o}8& at Bheysystenyf Claim 99, wherein the particle comprises aluminum oxide,

silicon dioxide and activated carbon.

187. The method of Claim 73, wherein during or after step (i), the mixture of step
(i) is not heated above the cross-linking temperature of the colloidal metal

oxide or colloidal métalloid oxide.

188. The method of Claim 73, wherein during or after step (i), the mixture of step
(i) is not heated to or above the calcining temperature of the colloidal metgl

oxide or colloidal metalloid oxide.

189. The method of Claim 73, wherein during or after step (i), the mixture of step

(i) is not heated to or above the calcining temperature of the particle.

190. The method of Claim 73, wherein during or after step (i), the mixture of step
(i) is not heated above 400° C.

191. The adsorbent and/or binder system made by the process of Claim 168.
192. The adsorbent and/or binder system made by the process of Claim 171.

193. An adsorbent and/or catalyst and binder system, comprising:
(8)  a pendant ligand substituted or unsubstituted binder, and
(b) a pendant ligand substituted or unsusbtituted oxide adsorbent and/or

oxide catalyst particle,

L
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bi nder system conprising: (a) a binder, and (b)

and/ or oxide catalyst particle, and 25

conpl ex, wherein at

substi t ut ed,

wherein the ne al‘

(b). WD 97/ 47380
PCT/ US97/ 09938 60 In still yet another aspect

met hod for producing an anchored adsorbeH2 an

conprising: (i)

a coll oi dal netal

194.

195.

196.

197,

198.

199.

200.

201.

202.

m Xi n corrponents coO risin
Whergio ag east opeypf mpewg@h gls(m

| east one of conponents (a) and: (b)
kdg component (a) is cross-linked with cong
conplex (c) is bound directly to conponent

an oxi de adsor bent

(c)

TS

a net al

i s pendant |igand

et

er\ﬁoﬁf-EN%l ates to a

/ or PAAGER  systlem
a binder conprising
thgandsubsututed

and wherein component (a) is cross-linked with component (b).

The system of Claim 193, wherein the binder comprises a colloidal metal oxide

or a colloidal metalloid oxide.

The system of Claim 194, wherein the binder compriées colloidal alumina,

colloidal silica, a colloidal metal oxide wherein the metal is iron, or a mixture

thereof.

The system of Claim 194, wherein the binder comprises colloidal alumina,

colloidal silica, or a mixture thereof.

The system of Claim 194, wherein the binder is colloidal alumina.

The system of Claim 194, wherein the oxide adsorbent and/or oxide catalyst

particle is pendant ligand substituted.

The system of Claim 194, wherein the binder is pendant ligand substituted.

The system of Claim 194, wherein the oxide adsorbent and/or oxide catalyst

particle and the binder are both pendant ligand substituted.

The system of Claim 194, wherein the pendant ligand substitution on the binder

and oxide adsorbent and/or catalyst particle indepen(l:_:g':ntly comprises at least

one pendant ligand moiety having a complexing group end.

The system of Claim 201, wherein the pendant ligand moiety further comprises

a tether end.
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5 _ (b) an oxi de adsorbent and/or oxi de catal yst
particle, and (c) an acid, (ii) renoving a sufficient anount of water
fromthe mxture to cross-1ink components (a) and (b) to forma pendant
I!gand S!Jbs_t'tddb‘i‘ihﬁﬂfor bent and/or catal yst and bi nder syst etrrusswhodls
(iii) binding a metal conplex directly onto the resulting system of step
(ii) to formthe anchored catalyst system Int i.senhodinent of direct

bi ndi ng, the nmetal conplex is bound directly to| T8 SHIETOHASIBEENT{d/ or (2)
the oxide adsorbent and/or catalyst partit 3>el The hych'gp}gyd;gwr oup< on the

bi nder 15 and the particle can behaye== e dr ou
descri bed aboveé03nd Thesystem eicClpin 202w gmh%gethe@pbﬂpgw‘é\éseg 1 ‘7&8

PCT/ US97/ 09938 61 EXRERIMENEfup, a silyl group, a siloxy group or a combination thereof or an

oligomer or polymer thereof.

- 204. The system of Claim 203, wherein the tether end comprises an aliphatic or
aromatic group that is from 1 to 20 carbons, branched or unbranched,
substituted or unsubstituted.

205. The system of Claim 201, wherein the complexing group comprises a group

with a lone-pair of electrons.

206. The system of Claim 201, wherein the complexing group comprises a hydroxyl
group, an ether, a thiol, a thioether, an amine, a mono- or disubstituted amine,

a phosphine, a mono- or disubstituted phosphine or a mixture thereof.

207. The system of Claim 201, wherein the complexing group comprises an

unsaturated organic moiety.

208. The system of Claim 207, wherein the unsaturated organic moiety is cyclic,

acyclic, or aromatic.

209. The system of Claim 208, wherein the acyclic unsaturated organic moiety
comprises an olefin, an allyl, a diene, a triene or a mixture thereof.

210. The system of Claim 208, wherein the cyclic unsaturated organic moiety
comprises a cyclopentadiene, cycloheptatriene, cyclooctadiene, cyclooctetraene

or a mixture thereof.

211. The system of Claim 208, wherein the aromatic unsaturated organic moiety

comprises benzene, naphthalene, anthracene or mixtures thereof.
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The foll ow ng exanples are put forth so as to provide those of ordinary
skill in the art with a conplete disclosure and description of how the

. conmpounds cl ained herein are 5 made and eval uated, and are

- intended to bguges9dsy exenplary of the invention and are not,int gto

¢ limt the scope of what the inventors regard as their invention. ort-s

- have been made to ensure accuracy with respect to nunbers (e.g., anounts,
. tenperature, etc.) but sone errors and devi ati ops—sheut-d—be—aeeeynted for.
' Unless indicated otherwise, parts are pati4 by WEHIGhSHEEINHASoBEENiIn wei ght
- % tenperature is in [err]C or is at room tenpefatur eREPQAGED and

- pressure is at or near atnospheric. Exanple 1 trarrced—arum num oxi de was
- made by the propessa setiioliof udifp/ 8 st IRt fdaeas%gatax._ sapport RO NG

. steps: i) Gamma al um num oxide particles were pro ucgg ggpca clning

A (OH)[err] at a teopwrisingbinding the5pstas of Clain) 194 witlpa sstond:catalyst particle.

. Alferr]derr] of the ganma form 20 i) 20 liters of this

~al umi num oxi de were subnmerged in a tank containing 0.5% by wei ght acetic
acid in distil2i3d VEteanethobiuf Clahn2l2 wheidi thefsecontl Githlpst pasticledSa 7 |iters. The -
- alum na was allowedq to sit inat'lhe acid solution for approximtely 15
nminutes to all ow sdPHP&FI8YS B¥¥Mhe sol ution. The acid sol ution was drained

. off and the remaining alum na

214.  Ananchored adsorbent and/or catalyst and binder system, comprising:
(a)  apendant ligand substituted or unsubstituted binder, and
(b)  apendant ligand substituted or unsusbtituted oxide adsorbent and/or
oxide catalyst particle, and
© a metal complex,
wherein at least one of components (a) and (b) is pendant ligand substituted,
wherein component (a) is cross-linked with component (b), and wherein the

metal complex (c) is bound to component (a) and/or (b).

215.  The system of Claim 214, wherein the binder comprises a colloidal metal oxide

or a colloidal metalloid oxide.

216. The system of Claim 215, wherein the binder comprises colloidal alumina,
colloidal silica, a colloidal metal oxide wherein the metal is iron, or a mixture

thereof

217.  The system of Claim 215, wherein the binder comprises colloidal alumina,

colloidal silica, or a mixture thereof,
218. The system of Claim 215, wherein the binder is colloidal alumina.

219. The system of C]ﬁm 215, wherein the oxide adsorbent and/or oxide catalyst
particle is pendant ligand substituted. |

L
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was rinsed in a tank of 30 liters of distilled water. The distilled water
was drained and the 25 remai ni ng alum na was dried at a
tenperature of 121 [err]C for 90 m nutes. The perfornmance of enhanced

al um num oxi dewaps#4rssoes of this invention was tested. Two cheenessogsnphi c
columms, each 25 cm long and 1 cm inner dianeter, equipped wth a sol vent
reservoir were used for this experinent. Each ch—u-mq-wa-s-—pae-I@d~3fB

with 20 cc of the above produced enhanced ﬁ}um’ Ul S>&HEET gAS BEEN$. Each
column was flushed with 100 ni of water ud g prlessur REPILADEDt he nitrogen

cylinder to obtgjn flow rate . 7/.%5% Y . I
PCT/ US7/ 09938 &5 o?“%?ﬁﬁ’%& Bt Cipimy %zl\glz)t}'%ﬁﬁe‘ & Dipderin ngndagt Bgnoyl subgripged, | o
approxi mately 200 ppb of |ead was prepared using | ead acetate tri hydrate. A

total of 200 m _(10 bed vol upes) of test, sol utijon s passed .t hroygh each
col um usi ng t 2lsa efWWPgE’é!mWewﬁFﬂqndhﬁ?’?dft%%@tt&P 8\‘?’9&&:‘%5‘?3? om t he

10 bed vol unes, andoﬁa?tgc}ﬁnfeilﬂh@dﬁdeﬁﬁ@%&ﬁéﬁ&%n?ﬁéa‘ﬁ@s&ﬂéfiﬂum. the tenth bed

vol une were anal yze ad, and the results are summarized in Table 1.

222. The system of Claim 214, wherein the metal complex comprises a metal salt,
metal carbonyl complex, metal phosphine complex, metal amine complex, metal
olefin complex, a metal acetylene cdmplex, a metal polyene complex, a metal

hydride complex, a metal halide complex or a mixture thereof.

223. The system of Claim 222, wherein the metal salt comprises a halide, a
carbonate, an oxalate, a bicarbonate, or a carboxalate as the counterion of
lithium, sodium, potassium, rubidium, cesium, francium, magnesium, calcium,
strontium, barium, radon, the transition metals, the lanthanaide metals or the

actinide metals as the metal moiety.

224.  The system of Claim 222, wherein the metal carbonyl comprises a mono-

nuclear or poly-nuclear binary carbonyl of a transition metal.

225. The system of Claim 224, wherein the metal carbonyl comprises a mono-
* nuclear or poly-nuclear mixed carbonyl-phosphine, carbonyl-phosphite,
carbonyl-olefin, carbonyl-acetylene, carbonyl-cyclopentadienyl complexes,

carbonyl-hydride, or carbonyl-halide of a transition metal.

226. The system of Claim 222, wherein the metal complex comprises a
hydrogenation catalyst, an oxidation catalyst, a hydroformylation catalyst, a
reduction catalyst, an isomerization catalyst, a polymerization, a carbonylation
catalyst, a reforming catalyst, an olefin metathesis catalyst, a Fischer-Tropsch
catalyst, a gasification catalyst or a mixture thereof.
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5 TABLE 1 TEST NUMBER STREAM TESTED TOTAL LEAD

([err]gmliter) 1 I nfl uent 211 Tot al
ef fl uent < 5 Effluent end (.10th bed vol une)

<5 10 2 I nf 1 uent

229 Total ef fiQent " <5 Effl uent end Rhea” -

vol une) <5 Lower Iimt of |ead detect |m-mrs—-5—+-eu-]ﬁ iter. 15
This particle was al so tested using the TCLP met/hbd SHEBR HASt BEEN ¢ 6010) ,
and the particle of the invention passedl¢he TCLP t eREPIAGED! ead. { Exanpl e 2
20 A conparison was nade between acrd entrarced=s um na of

this i nventi c®#7and method fori producing agendantligand substituted sdsorbegt andéor caBlyst

al um num oxi de par, calcined at 550[err]C prior to the
experi nment. Enhancg% Wﬁ%m num oxi de particles of the present

(i) mlxmg components, comprising:

(a)  apendant ligand substituted or unsubstituted binder comprising
" a colloidal metal oxide or a colloidal metalloid oxide,
(b)  apendant ligand substituted or unsubstituted oxide adsorbent
and/or oxide catalyst parficle, and

(© an acid,
wherein at least one of components (a) and (b) is pendant ligand
substituted,

(i)  removing a sufficient amount of water from the mixture to cross-link
components (a) and (b) to form a pendant ligand substituted adsorbent
and/or catalyst and binder system, and

228. The method of Claim 227, further comprising (iii) binding a metal complex
onto the resulting system of step (ii) to form the anchored catalyst system.

229. The method of Claim 228, wherein the binding step (iii) comprises vapor
deposition, incipient wetness, aqueous impregnation or non-aqueous

impregnation.

230.  The method of Claim 228, further comprising prior to step (i), reacting an
unsubstituted binder with a hydroxyl-rea:ctive compound to produce 2 pendant
ligand substituted binder.

231.  The method of Claim 228, further comprising prior to step (i), reacting an
unsubstituted oxide adsorbent and/or oxide catalyst particle with a hydroxyl-
reactive compound to produce a pendant ligand substituted oxide adsorbent
and/or oxide catalyst particle. |
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I nvention were nmade according to the procedures of Exanple 1. Two identical
five gallon containers were filled with the alum na oxide for |ead renoval.
One container was filled 25 with 16 liters of the treated al um na
of this invent mane4bssd other was filled with 16 Iiters of unt PERUSHUN993E

alum na. Two tanks were prepared each contai ni ng—+86—¢geat fead
acetate tri-hydrate spiked distilled water. Th Tlﬂﬁkﬁi“f,ﬁﬁé EA%BEE@I t hor oughl y
for 30 m nutes. After 30 mnutes of m xi nﬁ t he| conc®EPLAGEDONs off the | ead
in the water were deternined. The |ead contini water i1romeach tank was
passed t hrough e nt aine f, ] a total 30 f 80 gallons
of spi ked vvateri{iwcg‘}f ?@?{1%"\%3#$B§?§8ﬁlp?ﬂ?%t‘émﬁbfeﬂfﬁ’@‘E’ont ai ners
WO 97/ 47380 unsubstituted binder and an unsubstituted oxide adsorbent and/oPoXidé/Sitaly9 9938
63 at a flowrate of 62 gallons, per mnpute. An effluent water sagole was

taken "on the 19th beRRTHAE Withe hydsoxpireeagtive compaundgp prosugs a pendant | per cent

d ' h ny f f h i
'rl'gbijgt_IZOBZI vere ! neubdindbd Ghad and & Susfitditt'oxide hddoPent Sidlot oRfdE ciiflst O LN 11

particle.

233.  The anchored adsorbent and/or catalyst and binder system made by the process
of Claim 228,

234. The method of Claim 73, further comprising
iif) reacting the resultant oxide adsorbent and/or oxide catalyst particle and
the binder system of step (ii) with a hydroxyl-reactive compound to
form a pendant ligand substituted oxide adsorbent and/or oxide catalyst
and binder system.

235. The method of Claim 234, further comprising (iv) after step (iii) binding a
metal complex onto the resulting system of step (ji1} to form an anchored
catalyst system.

236. The method of Claim 235, wherein the binder is pendant ligand substituted.

237. The method of Claim 234, wherein the oxide adsorbent and/or catalyst particle
is pendant ligand substituted.

238. The method of Claim 235, wherein the oxide adsorbent and/or oxide catalyst
particle and the binder are both pendant ligand substituted.

239. The method of Claim 235, wherein the binding step (iv) comprises vapor
deposition, incipient wetness, aqueous impregnation or non-aqueous

impregnation.
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5 PARTI CLE I NI TI AL LEAD EFFLUENT
PERCENT Cal ci ned @550[err] C  CONCENTRATI ON CONCENTRATI ON

REDUCTI ON before acid treated (ng/l) AFTER CONTACTI NG OF LEAD
PARTI CLE wo97/4738¢0 (nmo/ 1) Non-acid-treated " 1.24  pcrruserossss O- 58
53 al um num oxi de 10 Acid treated 1.44 -

0. 39 73 al um num oxi de of the invention 15 _ Exanple 3 a
conpari son was nade between treated al uni na dfTHI®i SHEERV¢AR BEEN nd
non-treated al unina for renoving phosphdd8. dhi - T hgp| AGEDNUM Ofi de

articles wer rogduced by .cal.ci nin () [ eppp—ert—a—partTTie t enperat ure
gf 480- 520[ er E‘f(g ﬁijﬁl%ﬁ‘?é h&?ﬁd-sl"m“‘g?ﬂ#?fh?ﬁt and/or catalyst and bipdepigystear t i cl es of
t he present invent{ng&w@ ks of €L £54 according to the procedure of step
(ii) in Exanple 1. The per?ormance of the particles was neasured using the
sanme procedures of Exanple 1, except that one chromatographi c col um was

filled with 29,C Pfe anchored adsorbent and/or catalyst and binder system made by the process

of Claim 235.

242. A method of encapsulating a contaminant within an adsorbent particle
comprising heating the particle of Claim 35 that has adsorbed a contaminant to
a temperature sufficient to close the pores of the particle to thereby encapsulate

the contaminant within the particle.

243. A method of encapsulating a contaminant within an adsorbent particle
comprising heating the system of Claim 99 that has adsorbed a contaminant to
a temperature sufficient to close the pores of the system to thereby encapsulate -

the contaminant within the system.
244.  The method of Claim 242, wherein the temperature is from 450°C to 2000°C.
245. The method of Claim 243, wherein the temperature is from 450°C to 2000°C.

246. The method of Claim 91, wherein the acid comprises acetic acid, benzoic acid,
butyric acid, citric acid, fatty acids, lactic acid, maleic acid, malonic acid, oxalic
acid, salicylic acid, stearic acid, succinic acid, tartaric acid, propionic acid,
valeric acid, hexanoic acid, heptanoic acid, caprylic acid, pelargonic acid,
capric acid, undecanoic acid, lauric acid, trideconoic acid, myristic acid,
pentadecanoic acid, palmitic acid, heptadecanoic acid, nonadecanoic acid,
arachidic acid, heneicosanoic acid, behenic acid, triosanoic acid, lignoceric
acid, pentacosanoic acid, cerotic acid, heptasanoic acid, montanic acid,

nonacosanoic acid, melissic acid , phthalic acid, glutaric acid, adipic acid,
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the treated alum na and the other

untreated alumna and the test solution was 9.3 ng/l of KHerr]Pderr],
the results are summarized in Table 3. 25 WO 97/ 47380

PCT/ US97/ 09938‘N§47,I-AE(LE 3 PARTI CLE | NI TI AL PCT/USHHOIEBNT
PERCENT Cal ci ned @480[ err]C PHOSPHATE CONCENTRATI ON AFTER )
REDUCTI ON before acid treated CONCENTRATI ON |CLE
(my/ 1) (mo/ 1) PHOSPHATE

8. %6 98.3 5 _ al tfm nunp oxi dﬂEPEAGtDr eate

247.

248.

249.

250

251.

o I

0..04 )
azelglc acid, sebacic acid, cmna?mc acu?l Ia.cry ic acid, id, lmoleic

acid or a mixture thereof.

A method for regenerating the system of Claim 35 that has adsorbed a
contaminant, comprising thermally oxidizing said system or contacting said
system with (1) a reagent wash comprising aqueous ammonia, a2 phosphine, a
detergent or a mixture thereof; (2) an acid or base to cause a pH swing; (3) or

a Lewis acid or base.

An anchored adsorbent and/or catalyst and binder system, comprising:

(a)  abinder, and

(b)  an oxide adsorbent and/or oxide catalyst particle, and

{© a metal complex,

wherein component (a) is cross-linked with component (b), and wherein the

metal complex (c) is bound directly to component (a) and/or (b).

The method of Claim 73, further comprising binding a metal complex directly

onto the resulting system of step (ii) to form an anchored catalyst system.
The particle made by the process of Claim 249.

A method for regenerating the system of Claim 37 that has adsorbed a
contaminant, comprising thermally oxidizing said system or contacting said
system with (1) a reagent wash comprising aqueous ammonia, a phosphine, a
detergent or a mixture thereof; (2) an acid or base to cause a pH swing; (3) or

a Lewis acid or base.
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the invention 10 This-particle of this invention fromthe experinent was

al so tested using the TCLP net hod (EPA nethod # 1311), and the particle of
the invention passed the TCLP test for phosphate. 15 Exanpl e 4
The ability ogobhygns@rticle of this invention to renove sel g 38
tested. Acid enhanced ganma al um num oxi de partlcl es (100% A1203) were ‘made

by the procedure of Exanple 1. 20 5 col umms wer 875" I.D.
x 12" long glass colums, each with a bed volu niAS BEENHe above
aci d enhanced A1203 particles of this i M&ntio of vREPLAGEDparti ¢l e si zes,

Vol dres of B B2 uaduplid Qe isibe GrAbrir Moress o i YEROF o Bbss

sectional flow rat heatmgthef/(y’steﬁl of Claim 99'£6r'd silficiet fifas to ﬁlineU%' on was
prepared with a cal cu at ed sel enium concentration. a to of ~10
bed vol unes (i.e., modi thepbysmkprgmm test solution was punped through each

col umm using the sarreflowrate During the test, the test solution

253.  The method of Claim 252, wherein the heating is performed to increase the
surface area of the system.,

254. The method of Claim 253, wherein the physical property comprises surface
area, pore area, bulk density, skeletal density or porosity.

255.  The system of Claim 215, wherein the pendant ligand substitution on the binder
and oxide adsorbent and/or catalyst particle independently comprises at least

one pendant ligand moiety having a complexing group end.

256.  The system of Claim 255, wherein the pendant ligand moiety further comprises
a tether end.

257.  The system of Claim 255, wherein the tether end comprises an aliphatic group,
an aromatic- g:"o_up, a silyl group, a siloxy group or a combination thereof or an
oligomer or polymer thereof.

258.  The system of Calim 257, wherein the tether end comprises an aliphatic or
aromatic group that is from 1 to 20 carbons, branched or unbranched,
substituted or unsubstituted.

259.  The system of Claim 255, wherein the complexing group comprises a group

with a lone-pair of electrons.
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was continuously stirred at a | ow speed. During the tenth bed vol une, an
ef fl uent sanple WO 97/ 47380

PCT/ US97/ 09938 65 from each col utm was col | ected and anal yzed for sel eni um
Al'so a single f,l,,g.ggé sanpl e was col | ected and anal yzed for rerhussiesess The

results are set forth below. TABLE 4 Sanple I.D. Tot al
Seleniunferr] 5 (parti IT isBert ]

ng/ L | nfluent '1.45 606 EFF (4, g|§[ SREFT WAS] BREN
0.101 404 EFF (1,000 [err]m 1073 3 I m
0.477 10

02, EF
0.003[err] 101 260F (l‘bcwtﬁﬂfaﬁqﬂm”%,“’hﬂgﬁ 950%9'@Eer :

group, an ether, a thiol, a thioether, an amine, a mono- or disubstituted amine,

grrgup comprises a hydroxyl
- a phosphine, 2 mono- or disubstituted phosphine or a mixture thereof.

- 261. The system of Claim 255, wherein the complexing group comprises an

unsaturated organic moiety.

262. The system of Claim 261, wherein the unsaturated organic moiety is cyclic,

acyclic, or aromatic.

263. The system of Claim 262; wherein the acyclic unsaturated organic moiety

comprises an olefin, an ally], a diene, a triene or a mixture thereof.

264. The system of Claim 262, wherein the cyclic unsaturated organic moiety
comprises a cyclopentadiene, cycloheptatriene, cyclooctadiene, cyclooctetraene

or a mixture thereof.

265. The system of Claim 262, wherein the aromatic unsaturated organic moiety

comprises benzene, naphthalene, anthracene or mixtures thereof.

266. The method of Claim 227 wherein the removing is by heating or by using a
drying agent.

267. The method of Claim 227, wherein the removing is by heating.

268. The method of Claim 227, wherein the binder comprises colloidal alumina,
colloidal silica, a colloidal metal oxide wherein the metal is iron, or a mixture

thereof.

269. The method of Claim 227, wherein the binder is colloidal alumina.
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[err] = Sel enium detection limt was 0.002 ng/l [err] =

Esti mated value, less than calibration |imt 15 Exanple 5 a conbi nati on
particle of this invention was nade and tested for its ability to 20
remove trichlyQpenksyd ene (TCE). 70 g of acid enhanced gana pgipiighiNesasoxi de
particles made by the procedure of Exanple | were mxed with 20 g of -
colloidal alumna, 5 g of MhJerr], and 5 g of DAL+ e Kt ure was
honbgeneous. The particle m xture was then m )M#ﬁkt%‘%cgﬁﬂc acid
solution until the mixture reached a sui 12l e {consi BERIA&ED or

aggl oneration. _The m xture was. extruded, and cut into a particle sjze of
about 1,000 [ &7P] m1}sg method °fC?m§%EWf€m@ef’ﬁ‘dT'5ﬂf’9F’rl]‘y 9% BY Werht es to
crosslink the coll gedflmiguter Na. The particle as forned above was tested
for its ability to renmove TCE fromwater. Particles of the invention were
chal l enged wth various concentrations of TCE in water as indicated in
Table 1. Two t o, mad al S Ak40 .cm. X, 20, . equi d wth, caarse 30
glass frits : dﬁhgg‘%ﬁ’ﬁl?gww?#’ @eﬂn®8gl¥ﬁ@s f‘ﬂﬁ’&@ﬁ”ﬁ‘é‘&"m‘wﬁ ngO L

gr aduat ed 10% to 35% by weight of the mixture.

272. The method of Claim 227, wherein component b comprises at least two
different types of oxide adsorbent and/or catalyst particles.

273. The method of Claim 227, wherein component b comprises at least three
different types of oxide adsorbent and/or catalyst particles.

274. The method of Claim 227, wherein component b comprises a metal oxide
particle.

275. The method of Claim 227, wherein component b comprises a2 non-ceramic,

porous metal oxide particle.

276. The method of Claim 227, wherein component b comprises a particle of an
oxide of aluminum, titanium, copper, vanadium, silicon, manganese, iron, zinc,
zirconium, magnesium, calcium, strontium, barium, boron, gallium, indium,
thallium, germanium, tin, lead, arsenic, antimony, or bismuth or zeolite or a

mixture thereof.

277. The method of Claim 227, wherein component b comprises a mixture of at
least two metal oxide particles having the same metal with varying

stoichiometry and oxidation states.
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WD 97/ 47380 PCT/ US97/ 09938
66 cylinder) of particles. The colums were challenged with five 10 nL
aliquots (5 bed volunes) of the TCE solution. The fifth bed volume from
each col um wasyeeidrset ed in a 50 nL Erlenneyer flask, stoppepeguseoshss

i mredi ately anal yzed by purge and trap-GC/ M5 techni que using a Finnigan MAT
Magnum ion trap GC/ M5 equi pped with a Tekmar |1 g
(LSC 2000). The results are sumarized in bl e f5'HI§
Trichl oroet hyl ene concentrati on Sorbate | nfl lBéHl;AO[EDpn)
Ef fl uent (ppb)

TCE adsorption §2§ T&%‘é@w 3598%2%' 8’@8‘8‘9 cmPQRSPLD B@PR‘}?P

20. 0114- gram (about #énfath dibxide Goppet ohtids, vamdRhEpeiioxid Silicon dioxide,

A [err] Jer]/Cud MJerr] conmbination
manganese dioxide, iron oxide, zinc oxide, zirconium oxide or zeolite particle.

- 279. The method of Claim 278, wherein component b further comprises a second
type of adsorbent and/or catalyst particle of aluminum oxide, titanium dioxide,
copper oxide, vanadium pentoxide, silicon dioxide, manganese dioxide, iron

oxide, zinc oxide, zeolite, activated carbon, peat, zinc or tin particle.

280. The method of Claim 227, wherein component b comprises a non-amorphous,
non-ceramic, crystalline, porous, calcined aluminum oxide particle that was
produced by calcining the precursor to the calcined aluminum oxide at a

. particle temperature of from 300°C to 700°C.

281. The method of Claim 280, wherein the calcined aluminum oxide particle is in

the gamma, chi-rho, or eta form.

282. The method of Claim 281, wherein the calcined aluminum oxide particle was

pretreated with an acid activation treatment.

283. The method of Claim 227, wherein the acid comprises an aliphatic or aryl
carboxylic acid.

284. ' The method of Claim 227, wherein the acid comprises nitric acid, sulfuric acid,
hydrochloric acid, boric acid, acetic acid, formic acid, phosphoric acid or

mixtures thereof,

285. The method of Claim 227, wherein the acid is acetic acid or nitric acid.
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15 particle of Exanple 5 (designated as 0307595TCEl) after
treatnment wth TCE was wet packed into a 50-nL buret (with renovable

st opcock) plugged with glass wool. The sanple was charged with five bed
vol unes of e sorbent material was then quantitativ erred
into the Ze\r,\?(ﬁlﬁewﬁgggace Extractor (ZHE) apparatus into whi cﬁ%’gggﬁﬁfs
water was added, appropriately sealed and agi for 18 hours. The
filtered 20 ~ solution was col | ected § THISWBHEEJOHAS. BEEKI|s, stored in
the refrigerator at 4[err]C until analydi4 byl G WEPE}{@U:I nni dan MAT
Magnumion trap GC/ M5 equi pped with a Tekmar Frogurd=sampte-conctentrat or
(LSC 2000) vva%dﬁl.lse'ﬂlef%?th C§l§m3227mhcr@aﬁhecﬁoa%qntmww asidgs BEamr®lSMs as
foll ows, a freshl ared 50 ppm TCE 25 stock sol ution was

obt ai ned by di ssol vi hg 34.2 [err]| spectrophotonetric grade TCE (Al drich)
in 20 mM HPLC grade nethanol (Fisher) followed by dilution to a liter.

col uti on. 11247 1 ofeeiurlin o s B ook hes mosaiirepim 25C

calibration curve tgagoaonstructed by purging 1.0, 0.50, 0.20, 0. 10, and
0. 050 ppb TCE solutions. 30

288. The method of Claim 227, wherein the cross-linking temperature is from 70°C

to 150°C and the binder is colloidal alumina or colloidal silica.

289. The method of Claim 234 wherein the removing is by heating or by using a
drying agent.

290. The method of Claim 234, wherein the removing is by heating.

291. The method of Claim 234, wherein the binder comprises colloidal alumina,
colloidal silica, a colloidal metal oxide wherein the metal is iron, or a mixture
thereof.

292. The method of Claim 234, wherein the binder is colloidal alumina.

293. The method of Claim 234, wherein the binder is from 1% to 99.9% by weight
of the mixture.

294. The method of Claim 234, wherein the binder is colldig_ial alumina and is from
10% to 35% by weight of the mixture. '

295. The method of Claim 234, wherein component b coniprises at least two
different types of oxide adsorbent and/or catalyst part:cl&s
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WD 97/ 47380 PCT/ US97/ 09938
67 The results are set forth bel ow. TABLE 6 Sorbent Sanple TCE found,
ppb TCE Detection limt, ppb 0307595TCEl Nd[ err]

0. 0050 5 [err]woohaizssiet ect ed. The fact that TCE in the sanplreTrusetesess t hat
500 ppb (EPA TCLP linmt) characterizes it as a nonhazardous waste with -
respect to TCE. 10 Exanple 7 a 100 ml. portion of 1000 ppm phosphorous

(pot assi um hydrogen phosphate and wat er) anda
diluted to 2 litres. Aliquots (200 M) of“The rsu"_ I 15 | stock

sol ution cont aizag.ngTﬁg d%&%‘ﬁﬁow eremrc%mp et

different types of oxide adsorbent and/or catalyst particles.

297. The method of Claim 234, wherein component b comprises a metal oxide

- particle.

298. The method of Claim 234, wherein component b comprises a non-ceramic,

porous metal oxide particle.

299. The method of Claim 234, wherein component b comprises a particle of an
oxide of aluminum, titanium, copper, vanadium, silicon, manganese, iron, zinc,
zirconium, magnesium, calcium, strontium, barium, boron, gallium, indium,
thallium, germanium, tin, lead, arsenic, antimony, of bismuth or zeolite or 2

mixture thereof,

300. The method of Claim 234, wherein component b comprises a mixture of at
least two metal oxide particles having the same metal with varying

stoichiometry and oxidation states.

301. The method of Claim 234, wherein component b comprises aluminum oxide,
titanium dioxide, copper oxide, vanadium pentoxide, silicon dioxide,

manganese dioxide, iron oxide, zinc oxide, zirconium oxide or zeolite particle.

302. The method of Claim 301, wherein component b further comprises a second
type of adsorbent and/or catalyst particle of aluminum oxide, titanium dioxide,
copper oxide, vanadium pentoxide, silicon dioxide, manganese dioxide, iron

oxide, zinc oxide, zeolite, activated carbon, peat, zinc or tin particle.

303. The method of Claim 234, wherein component b comprises 2 non-amorphous,

non-ceramic, crystalline, porous, calcined aluminum oxide particle that was
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approximately 2 m (dry) volunmes (both volunes and nmass neasured) of each
al um na sanple, and centrifuged. Acid enhanced ganma al um na oxi de
particles of sanples Pblk (CU), and Pol k (CT) and acid enhanced chi-rho

al um na oxid Adal €s Pbhk (AU) and Pohk (At) were nade b es of
Exanpl e | ex?&;‘?ﬁﬁsgt the starting alumna "type" is 20 ilcﬁbﬁbﬁﬁ i?ferent
as shown in Table 7, and that the calcining tenperatures were different for
the four sanples as shown in Table 7 bel ow. TFhese—fatera wef € chal | enged
to determine the capacity of the al unmi n¥2&o JM@:IEEB&EﬂgaB%EN b err])
given the variables jn starting materials and treaRBRMCEDAI | qupts (0.4 nml)
of the super nat antPrefieed by galpiniag the pregurser tothe calsmed girmpymensidedtat i ons was
added, w th shaki icke tehARRuR I ROhPIboP@lke 7eocCi sher), fol | owed 25

by 1 m of ammoni um nol ybdate reagent | and then 2 stops of stannous
chloride reagent | (LabChemiInc.). Determ nation of agueous phosphate was
achi eved by t sur n f. or hgtonetrjcally at..690 .nm.(.path

angt he 0. 5 - 1 o8 g Clae 303, foperdi e Ao i BidE PTBRITR U/ w1
scanni ng spect r ophye guiha; chi-rhb, ordtd fofmh.ons wer e acconpl i shed usi ng dei oni zed -
water. The results are set forth bel ow 30

305. The method of Claim 304, wherein the calcined aluminum oxide particle was

pretreated with an acid activation treatment.

306. The method of Claim 234, wherein the acid comprises an aliphatic or aryl

carboxylic acid.

307. The method of Claim 234, wherein the acid comprises nitric acid, sulfuric acid,
hydrochloric acid, boric acid, acetic acid, formic acid, phosphoric acid or

mixtures thereof.
308. The method of Claim 234, wherein the acid is acetic acid or nitric acid.

309. The method of Claim 234, wherein the concentration of the acid is from 0.15 N
to8.5N.

310. The method of Claim 234, wherein the cross-linking temperature is from 25°C
to 400°C.

311.  The method of Claim 234, wherein the cross-linking temperature is from 70°C
to 150°C and the binder is colloidal alumina or colloidal silica.

312.  The system of Claim 99, wherein the binder is colloidal alumina, and the
particle comprises aluminum oxide, mixed oxides of manganese, copper oxide,

and carbon.
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WD 97/ 47380

PCT/ US97/ 09938 68 TABLE 7 | D# Starting Cal ci ning Wash Por e
Area Medi an Medi an Average Capacity Materi al Tenp. Tr eat ent
Merr]/gram +o8lo9473se Pore Por e PJerr] (tinme) pokiuserosbasat

D aneter Dianeter (4Va) g/ Kg treat nent - (Vol) (Area) '
[err]m BULK Pbhk (AU) Beohnite  400[ difihs @ueeP tha7nE Pl m n)

Aceti c 23 102 0. 0088 0. 11 <1é€ %%I% q@ Pohk (AT)
Beohnite 475[err] C 0.5 % (60 nin) Wletid ____RER HO

0. 0078 0.079 4. 47 Acid .15 pi bl k ....Scal . 500[err]C
0.5 % Al uni na 313 GE%HX%SW‘lijég‘t"l“élgjfg"‘fef°?m§’%"“h?§§‘%yﬁf°’“d& 0146 [ 'o]. 2591
11.56 .

- 314, The process of claim 41, wherein the contaminarit comprises an anion, an

oxoanion, a cation, or a poly-oxoanion.

315. The method of claim 150, wherein the contaminant comprises an anion, an

oxoanion, a cation, or a poly-oxoanion.
316. The method of Claim 65, wherein the heating step is from 25°C to 400°C.
317. The method of Claim 65, wherein the heating step is from 70°C to 150°C.
318. The method of Claim 96, wherein the binder is colloidal alumina.

319. The system of Claim 99, wherein the binder is not ¢olloidal alumina or colloidal

silica.

320. The system of Claim 99, wherein the oxide adsorbent and/or catalyst particle

has not been acid enhanced treated.

321. The system of Claim 99, wherein the binder is colloidal alumina and the particle

comprises aluminum oxide, zinc oxide and copper ‘oxide.

322. The system of Claim 99, wherein the binder is colloidal alumina and the particle

comprises aluminum oxide and copper oxide.
323  The system of Claim 99, wherein the system is not a catalyst support.

324. The system of Claim 113, wherein the particle temperature is from 400°Cto
700°C.
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(Bayerite) Acid 15 m n Pol k(CT) Scal e 550 C 0.5 %

Al um na (60 mn) Acetic 6.3 69 0. 075 0.12

10. 93 (Bayerite) Acid 15 min Exanple 8 Acid enhanced gamma

al um na oxid 1{ai| €S of sanples Pbhk (AU), Pohk (At), P (Jlﬁcw), d

Pol k( CU) werg'oﬁrbg'ézjagy procedures of Exanple 7. These rraterlblé S we’rweﬁg -
chal l enged to determ ne the capacity of the alumna to renove | ead
(Pb[err]) given the variables in starting nat H[I@ gflqmtsr NTEnt. A 500 n

ek

portion of 400ppm of lead (0.6392 g Pb(N§ err lﬂf‘cﬁﬁ ved in 10m
concentrated nitric acid and diluted to one lliter - Lonizeéd water) was

diluted to tvd2sl i temethofd ofientapsulatingaicantarinant pithigapradsorbpsoparticlet t he

resul ting stock sql £ W th
approxi mately 2m ?g‘}’h%%%;ﬁ@hg k,%ﬂ{; l%%fe E?ghﬁg\ﬁ%aeaggs&ﬁn%as%&eag’?n%?&each
al um na sanpl e, cevtempératgreckufficient to close the pores of the particle to thereby encapsulate

the contaminant within the particle.
326. The method of Claim 325, wherein the temperature is from 450°C to 2000°C.

327. The system of claim 99, wherein the particle (b) comprises ALO;, TiO,, CuO,
1,0, V,0,, Si0,, MnO,, Mn,0,, Mn,0,, ZnO, WO,, WO,, Re,0,, As,0,,
As,0,, MO, ThO,, Ag,0, AgO, CdO, Sn0,, PbO, FeO, Fe,0,, Fe,0,, Ru;0,,
RuO, 0s0,, §b,0,, CoO, Co,0,, NiO or zeolite.

328. The system of claim 327, wherein the particle (b) further comprises a second
iype of adséifbént and/or catalyst particles of an oxide of aluminum, titanium,
copper, vanadium, silicon, manganese, iron, zinc, zirconium, tungsten, rhenium,
arsenic, magnésium, thorium, silver, cadmium, tin, lead, antimony, ruthenium,
osmium, cbl;hltf or nickel or zeolite, activated carbon, including coal and

coconut carbon, peat, zinc or tin.

329. The syétexix of claim 99, wherein particle (b) comprises aluminum oxide, silicon
dioxide and activated carbon.
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PCT/ US97/ 09938 69 and stored prior to GFAA anal ysis, The instrunent used
was a Shi madzu AA-6501F atomi c absorption spectrophotoneter. The results
are shown bel Gyg oé¥58eE 8 | DH Capacity Pb[err], g/K Biiifsser09938
Pbhk (AU) ' 1.9 Pohk (AT) _ 1.7 Pblk (CU) 3.0

Pol k( CT) 1.3 10 'Elaﬂipl e 9 Acid enhanced ganmma al um na
oxi de particles of sanples Pbhk (AU), Pohk (AT), Pblk(CU, and Polk (CT)
were made by procedures of Exanple 7. These nmaterials were chall giged to
determ ne the capacity of the aFumyga to renmove arseni ¢(Aserr] iven the
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(arsenic trioxide in 10%nnitric acid) standard (Fi sher SA449-500) diluted
to 4 liters with deionized water was used. Aliquots (450 m) of the
resulting stock solution containing 50 ppm As, were tunbled for 24 h with
duplicate appr@gdmbsasby 2 ml (dry) volunmes (both volune and res®sywesser ed)
of each alum na sanple, centrifuged, and s prior to 20 GFAA
anal ysis. The instrunent used was a Shi mad - 6501F atom c absorption
spectrophotoneter. The results are shown bel ow. 25

TABLE 9 | D# \,a'p%ity'f-\b as e ogrr] g/ Kg, BULK Pbhk (AU)
11. 9 Pohk (AT) $10.6 Pblk ( 8.9 30
Pol k( CT) 8.1 @D 97B473
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70 Exanple 10 In a large scale test a 2,300 gallon tank was filled with
approxi mately 2,000 gallons 5 of tap water and 147.8 g of
Pb(QAc)[err].3H err] O was added, the pH was adjusted to 6.7, and the tank
was sanpl ed a'%?o&ﬁfigﬂ to be 8,750 ppb in Pb[err]. A cani st erponagsetodossed
with 19.6 Kg of Po (CT) as descri bed ingfz?fple 7. The | ead spi ked wat’er
fromthe tank was punped through the cani at arate of 1.5 gallons per
mn. to remove the |ead.. Sanples of the effluent were collected after each
250 gal | ons and ead c efr ned and
plotted as showh in Figdrefl. The tank wa refllled with agother

i d 147.8 g of

, 160 ppb sol uti

ﬁ The pH was
t he same
the ef fl uent

adjusted to 7.00 and

cani ster at a floge
were coll ected &f Eadh ]
det erm ned 15

concentration f
t he detectlon I

1.5 gall ons per® m n.

Sampl es o
50 gal l ons and [

umd to be bel ow

¢bt ai ned at 2, 000 -
& ol k (CT) was

A 2|ppb. The | ead renoval
olbe 6 g/ Kg.

121

-
»

100

92

62 70 85

TIME (MIN)
FIG.?
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71 Exanple 11 Various adsorbent and/or catal ytic binder systens as set

forth in Table 10 in Exanple 12 bel ow were nade in accordance with the
general procediwpasuBgothis invention as follows as well as vacT/oss/089s8t ens
not a part of the invention. 5 The bi nder Qf adsorbent and/or catalytic
particles were conbined into a m xing veéEZI t he anobunt of each varied
according to the size batch desired. However, the conponent ratios renai ned
constant as indicated in Table 10 below. This "dry" conbi nati on was

pre-m xed to ensure a honogenous m xture of all of the conmponents. 10

After this was acconplished,, a solution containing 5% acetic a 'giin
distilled water was added tofthe m xture. The anount of the acijd™conpared
to the other conponents varigd dependi ng on extrudi ng paraneterfs and ot her

processing variables, but fof the procedures herein the range Was typically
between 35 and 45 wt. % of the total m xture.

250

TEMPC
FIG.4

CO: 910 PPM, SPACE VELOCITY 9500 hr 1

200

L]
(4

NO, REDUCTION LIGHT-OFF CURVE
Cu0/Ga,04/Al,03-Al,03 CATALYST

NO:81PPM

70 .
60 .
50 |
40 4
30 -
20 -
10
0

Qo O
» o

b
o
(=}
-

% NO
REDUCTION
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FOIUS 97 /09950
15 - Th| s sol ution was added to the dry mat elP %91 Qm\l 1998
~-until the material vdellng cl ay” li ke ¢ :

* ™ xi ng was perforned THIBj SHE ﬁAS-I@Eﬁmt 'A-300" mxer. The material was

; then ready for extrusji on. RiBLAGBOed prqgduct: cont aining the acetic acid

i solution was fed through—anm extruder, -such :as. a DGL-1 done granul at or :
( manufactured by LCl Corporation of Charl ot. ‘N.C., US. A The extrudates
.20 at is gltimed Sugh a QJ- 230 mar unar zer, al so manufactured by

| LCt Corporation, which turned the extrudates as "Rods” into small spher es.
The extruding and marumari zing steps provided a finished product suitable
to use for a speci fA?rcﬂ:lé@ fof prddabing A \WeN&hharida@ adrbér pheticilconsprivitid onal
and does not alter the performance of the product. After thgaspheres were
made, the product metatctlazngpétthcwomr&nmwmwam@hom@p@rcptarmwrbﬁtalb@p,f or
25 one u e duct
was then ready fog ];)org\%r %alglhegf a glgﬁﬁn&gp Ml%ﬁgi}%ﬁ %%%ﬁké& H§ calyﬁ?ngo 43
PCT/ US97/ 09938 72 particle temperature of from 300°C to 700°C, with a dilute acid for a sufficient

time to increase the adsorbent properties of the particle, wherein the resultant -

..q

acid treated aluminum oxide is not subsequently calcined, wherein the acid

* contacting is more than a surface wash but less than an etching of the particle.

v 2. The method of Claim 1, wherein the particle temperature is from 400°C to
' 700°C
3. The method of Claim 1, wherein the acid comprises an aliphatic or aryl

~ carboxylic acid.

4. The process of Claim 1, wherein the acid comprises acetic, nitric, sulfuric,

 hydrochloric, boric, formic, or phosphoric acid, or mixtures thereof.

5. The process of Clairh 1, wherein the acid comprises acetic acid.
6. | The process of Claim 1, wherein the contacting is by dipping or submerging the

- particle in acid.

7. The process of Claim 1, further comprising the step of rinsing the ﬁarticle to

* remove excess acid.
8. The process of Claim 1, further comprising the step of drying the particle.
9. The process of Claim 7, wherein the contactiﬁg is for at least 15 minutes.

10..  The process of Claim 1, wherem the dllute acid strength is equwalent toan

" This Sheet Has Been Replaced
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1ExarrpI e 12 The particles as formed of the constituents [i éi#],\?/ﬁugNngjgg

'Fable 10 were tested for.their ability tg renove TCE. Ad

.-gat al yst and bi nder sy 'EHTS SHEETa}bASa BEENMVYere chal | enged with various

‘concent.rati.ons- of TCE le 10. Two custom 5
nmade colums (40 cm X Doarse glass frits were dried
packed with 10 nL vol umes (rreasured vmth 10 nL graduated cylinder) of -

particles The col yisuYelic@lshRd: Hbd fhah 0¥ digbOBIN. quot s (5 bed

-vol unes) of the tri

roethylene (TCE) solution. The fifth bed volume from
each colum was collected in a 50 nL Erl enmeyer flask, stoppered, and

e TE 2 BB B SRR Bl R0 i Ao,

concentrator (LSC 20Q@ks adeiie ablldoltlont les thakloe eqihl w0 02N epared as ~

"~ descri'bed in Exanple 11. The percent conmposi ti on of each conponent as wel |

as the nature of the binder are presented in Table 15 10. Prior

to m xing wth,the other co first
cal ci ned at 536{ er F?‘&Pfﬂceg%%ﬁo@?’?‘% vf‘;l’tsnt'rlglnc}ﬂ écg{ﬁtg g&ﬁ%@? hqﬁé&dl%%r%\egg? d
treated by substaniip@douy acetiztaeid sohgion dt esd tHa¥borequdl do AO1IN.at room
tenperature for 15 mnutes as generally set forth in applicants’ copending

‘ 'appl ication fil ed on even.date entitled "Acid Contacted Enhanced

13.  The process of Claim 1, wherein the dilute acid strength is equlvalent to an

aqueous acetic acid solution at less than or equal to 0.005 N.

i4. The process of Claim 1, wherein the dilute acid strength is equivalent to an

aqueous acetic acid solution at less than or equal to 0.001 N.

15.  The process of Claim 1, wherein the calcined aluminum oxide is in the gamma,

chi-rho, or eta form.

16.  The process of Claim 1, wherein the aluminum oxide prior to or after acid

treatment is not sintered.

17. . The process of Claim 1, wherein the particle consists essentially of aluminum

oxide. -
18.% The process of Claim 1, wherein the particle consists of aluminum oxide.

19.  The process of Claim 1, wherein the resultant acid treated aluminum oxide is

substantially microporous.

20.  The process of Claim 1, wherein the aluminum oxide is not an adsorbent or

.catalyst support.

21. A procéss for producing an acid enhanced adsorbent particle consist_ing

AMENDEOD SHEET . I‘hls Sheet Has Been Replaced
|||||||| |||||| ||||| ||||| | |||| h S “||||" l“l" | I || ﬂl




A ;b t Particl d Met hod of Ki d Usi Th f'l’b"ub\j//tquj8
dsor ent Particle an od of making an ing There w@m&%gwpﬂlgga

~farth in the 20 a-g&l-—u—-ca.u_nstothat app¥i a
F] ASOBEBRDPm nutes. The renmpval of TCE from

“above, and then dried at{1:

‘aqueous sol ution was invésti gafERLAQBD ng a hunbek of adsorbent and/ or

~catal yst and bi nder systens of the invgﬂi on, -and these results are
. 25 summari zed in Table 10. In Entry 8, 99% reduction of TCE was

~ observed when the pesserit'xallyofmaaﬁlgdmld@%m@mgammm{omho}ls remecePOfic,

col |l oi dal alum na as t nder .

- cuO M err] parti cfrest %'\Pé’ﬁo‘ffn? ‘ge%@é)‘ﬁ?‘hg%g"(&fﬁﬁﬁlég %Are‘g‘\g}e’\r/o‘ﬁ’ﬁ%‘igy

results indicate t "@ldiﬁiﬁg%ﬁhbé‘mﬁfe t&xﬂﬁeﬂtu?@@f fr&ﬁt?:@OF’@tot’i@Oefﬂ'h%ﬁlea @i'lut@é@i&' de
. adsorbent and/or catalytrc properties of or to the particl

. particles denonstr aﬁoee suffisicpptime to increase thi aldsmyelntmwmm@seorrﬁpamdp, whereipl e,

R GIRLE o 98l TN e Ll s

‘and/ or catal yst parlsarﬁd;le,s, one of

22.  The method of Claim 21, wherein the partlcle temperature is from 400° to
700°C. '

23. = A process for producing an acid enhanced adsorbent particle comprising
| 'éontacting a particle comprising a non-ceramic, porous, oxide adsorbent particie
with a dilute acid for a sufficient time to increase the adsorbent properties of the
particle, wherein the oxide adsorbent particle is not aluminum oxide and
wherein the resultant acid treated oxide ad'séi‘bent_ particle is not subsequently

calcined, wherein the resultant acid treated oxide is microporous.

24, The process of Claim 23, wherein the dilute acid strength is equivalent to an
aqueous acetic acid solution at less than or equal to 0.09 N.

- ~25.  The process of Claim 23, wherein the dilute acid strength is equivalent to an
aqueous acetic acid solution at less than or equal to 0.02 N..

26 ‘The process of Claim 23, wherein the dilute acid strength is equivalent to an
aqueous acetic acid solution at less than or equal to 0.01 N.

27. The ﬁrocess of Claim 23, wherein the dilute acid s‘treli'gth is equivalent to an
| aﬁuebus acetic acid solution at less than or equal to 0.005 N.

28.  The process of Claim 23, wherein the dilute acid strength is equivalent to an
aqueous acetic acid solution at less than or equal to 0.001 N.

——
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whi cyh was carbon. Carbon was al so used in. conjunction wi %?327/09938
Gxi de conponents (Entry 24A and B) to renpve TCE (>90%. a“rﬁj 31998

- germoved 96% of TCE, IjlﬁlgDyﬁE@ Hﬂsrggmes not hold the particle 5

. .together as long as bi ?\EEI? present invention. Particles with
t he PVP bi nder di sinf . whrth uced the useful ness of the
particle. In the case of Entries 5A, 5B and 6, renmoval was very high

(98% ; hovveve?aet hqh@g lLed SECIRRRY3 Al EReitBaKE e pAG! to'dr Ghef &5d Geatineanist he

particles of pr.es I nvention. The contam nents adsorbed by the peat

may al so | each int motﬁnteml ronment. 10 Not wi shing to be bound by theory,
two pl ausi bl e nechani sns can account for the catal ytic degradati on of TCE
using the particles of the present invention. The first mecpani sminvol ves
redox chem st ny, betieqrocksFofTKirh D8, Wiirsin thebside adsupisene parficiefis silieom dioiide] e.
TCE is electrophilic, and can stabi lize a negative charge i{ reduced.

El ectron 15 mangarese PEide; GOPRELOXIER, é[lan‘&%inﬁé’e@@ nEFRonIEN 9 en’ﬁ?P be . _
the first step toward, th n of TCE. A second mechani sm i nvol ves a
Lewi s aci d- base i At éfdgc?{e%tﬁg%r?&\}ggggTCE and the netal oxide conmponent, ‘
whi ch increases the rate of nucleophilic attack of TCE by water. Due to the

| one pair electrons on the chlLorine ou s of . T j.de
P 31 The process of Claim 23, \% erei% the adso Cf‘)Eent partlc e 1s zeo)ilte

32. The process of Claim 23, wherein the acid contacting is more than a sﬁrface

wash but less than an etching of the particle.

33. The particlé made by the process of Claim 1.

_ 34. The particlé madé l?,y the process of Claim 5.
35. " The lparticle made by the prqcess' of Claim 23.

' 36. - The particle made by the process of Claim 30.

%
:

4
e’

Nea? ' 37; The parficle of Claim 33, wherein said particle passes the EPA TCL_P test fora

e
13

particular contaminant.
38 The particle of Claim 37, wherein said contaminant is lead.

39. A process for reducing or eliminating the amount of contaminants in a liquid or
gas stream comprising contacting the particle of Claim 33 with the liquidorgas
stream for a sufficient time to reduce the amount of or eliminate the

: containination’ ﬁroni the liquid or gas stream.

40.  The process of Claim 39, wherein the stream is licjuid.

———
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c‘g.rfponent ~can initially coordinate to t.he i:hl ori ne group.Pewus rgtz JI 09 9 3 8
Gogradation of Tom - “vo| %S S4EET TR BeEw | 1St St Pt |PEABS 2 ¥ YUK 1998
. PCT/ US97/ 09938 74 [err] - | WO 9&5_%\@@@ _ |

&>

. PCT/ US97/ 09938 75 [err]
41. " The procesé of Claim 39, wherein the stream is gas.

42, The process of Claim 39, wherein the contaminant is lead, pl}ggphate, selenium,

L3

or zinc.

-43. A composition comprising the aluminum oxide particle made by the process of
Claim 1. o | |

44, The composiﬁon of Claim 43, further comprising a second oxide adsorbent
particle.

45. The composition of Claim 44, further comprising a cross-linked colloidal

aluminum oxide binder.
46.  The composition of Claim 43, further comprising silicon dioxide, manganese
oxide, copper oxide, vanadium pentoxide, zirconium oxide, iron oxide or

titanium dioxide.

47.  The composition of Claim 43, further comprising a zeolite.

-~

QWQ 48.  The composition of Claim 43, further comprising copper oxide and manganese
‘oxide, wherein said copper oxide and said manganese oxide have not been acid

49.  The composition of Claim 48, wherein the composiﬁon comprises 50-98 parts
- by weight of said acid enhanced aluminum oxide, 1-49 parts by weight of said
copper oxide, and 1-49 parts by weight of said manganese oxide.

50.  The composition of Claim 49, wherein said copper oxide is CuO and said

manganese oxide is MnO,.

51. The composmon of Claim 48, wherem said composmon _passes the EPA___TCLP

Thzs Sheet Has Been R
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. systems of Table 11 were

- o Hlilo Y/ /09938

g to the procedures of Exanpl es

%?6/833?88938 76 Exanpl QB?‘S SRET WSS @ﬁgnabent and/ or cat mdzbg”éw\l 1938
or ai

11 and Exanple 12 (al um numogEﬁ @Eﬁf

. i on) es were tested to
~determne if they reacted with hydrogen sul fide %‘ room
ti

“ tenperature. Hydrogen sul fide was generated by t

ng sodi um sul firde with

"sulfuric acid and Mastfontrichionedtieylered i nto an IR cel | which had been | oaded
-with 1.00 g of adsorbent and/or catal yst binder systemto be tested. The IR

~cell used was 9 cmlong by 4 cmin dianeter (~120 nL volune). The cell was

filled to apprexi matl soriplitoRior i 401 dutfit ebitBfisi Midblomanr! | R spectra

+ 250[err]C for 1 hour.
54

recorded. 10 The percent ‘conposition of each cofpenént as we as the
nature of the binder are presented in Table 11. The al um num OXI de pasticle

was first cal ned t 550[ err id treated usin tic acid
- and dried at 1 1 [efl? 1tgb%t(ﬁ Lf‘%ﬁd?‘% cper, glgggc%}ag@g ﬁ‘%gfdescrl bed

in Exanpl e 12. The cross | inking tenperature for each particle was 5

The composition of Claim 43, further comprising an adsorbent particle.

55. A process for ted_ucing or eliminating the amount of an organic contaminant in a
liquid or gas stream comprising contacting thé composition of Claim 48 with
the liquid or gas stream for a sufficient time to reduce the amount of or

eliminate the organic contaminant from the liquid or gas stream.

56.  The process of Claim 55, wherein the organic contaminant is a chlorinated

organic.
57.  The process of Claim 55, wherein the ofganic contaminant is trichloroethylene.

58.  The process of Claim 55, wherein said reduction or elimination is by a catalytic

degradation process.

59. A comp.ositidn éomprising (1)'a_ particle made by the process comprising -
| contacting a particle comprising a nohfamdrphous, non-ceramic, crystalline,
-‘ porous, calcined, aluminum oxide paiticie that was produced by calcining ata
particle temperature of from 300° C to 700° C, with a dilute acid for a éufﬁcient |
time to increase the adsorbent properties of the_-al'uminum oxide particle and (2)
copper oxide and (3) manganese oxide, wherein said copper oxide and said

manganese oxide have not been acid enhanced.

60.  The composition of Claim 59 wherein the particle temperature is from 400° to
700°C.

‘This Sheet Has Been R
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The renoval of hydrogen sulflde usi ng the adsorbent and/o sgén 9938
_'__b| nder systems of the prg AL PEE‘?, | nvesti gat ed, Ntl‘ggg
. are summarized in Table 31 r%&gb&t& of {hydrogen sul fi de by the :

- adsor bent and/or catal yst} b| nd S ms was .noni tored by
“infrared spectroscopy. Based on.these results, or bent and/or catal yst

.and bi nder- systens of colloidal alum num binder, acid treated al um num

- oxide; and cogper %b‘i'&tmd)dﬂ@l@ﬂnqh@h&‘éﬁithé gml:tespmm coR@RsSwitR thdWRid,

- renoval of hydrogen sul fide S
PCT/ US97/ 09938 77 [fenthdr compm@ngequpe of adsorbent and/or catalytic particle and
- PCT/ US97/ 09938

further compnses a binder compnsmg a colloidal metal oxide or colloidal
. e,

metalloid oxide. : =

62. The method of Claim 61, wherein the binder is cross-linked to at least one of the
particle types or to itself.

63.  The method of Claim 1, further comprising,
(1) mixing the résultant particle of Claim 1 with at least one other 'type of
_ adsorbent and/or catalyst particle, a binder comprising colloidal metal
oxide or colloidal metalloid oxide, aﬁd an acid; and
(2)  heating the mixture to a s_ufﬁcieht temperature for a sufficient time to
cross-link the binder to at least one type of particle or to itself.

64.  An adsorbent and/or catalyst and binder composition comprising the particle
made by the process of Claim 1 and further comprising a second type of
adsorbent anid/or catalyst particleand a bmder comprising colloidal metal oxide

or colloidal meta1101d oxide.

‘:J - 65.  The composition of Claim 64, wherein the binder is cross-linked to at least one
of the particle types or to itself.

66. 'f;;’;;'- The method of Claim 23, wherein 'the particle, prior to contacting with the acid,
* further comprises a second type of adsorbent and/or catalytic particle and
further comprises a binder comprising coiloidal metal oxide or colloidal

metalloid oxide.

- 67. The method of Claim 66, wherein the binder is cross-lmked to at least one of the
partxcle types or to itself,

- 68.  The method of Claim 23, further compﬁshlg, ' - This Sheef_ Has Been RTlaced
i || (1]
|||||||| ||l||l ||||| ||||| || |||| |




%8 WO 97/ 47380 ' P 1S g//09938

) 5] /

PCT/ US97/ 09938 79 Exanpl bTHIS $HEETadASIBHENOn and TCLP ext r a¥t §rc’y’t aakdd 1998

~-yere performed as fol l ows. A ZRERQACER- gr amp (about 24.50 nL bed vol une) |
sanpl e of the coll oidal - d epet/ Cud Mng err] conbi nation

particle of Table 11, entry 1, after treatnent th TCE was wet packed into

a 50-nmL buret (with renpvable stopcock) plugged with glass wool. The sanple

was charged with fi(ye begiixit thewsulintpaitile of Miains 0 witnat least end athenype ofien

guantitatively transferred into the Zero Headspace, Extract or g .

appar at gsfi nto whi ch 20Gdserbent aRgios catakyst m@éa,ﬂaaﬁr&ﬁmp&ﬁ@sf éé_@ﬂ]e‘ﬁ‘etéhd

agitated for 18 hours. T i) : ol ol | egt in two 100 nmL

vials, stored in the reer;‘l?%efeérrac:ogéﬁg%ﬁ%{agéfﬁ%él%%ﬁ?(f%%&ﬁ’yfﬁsypy GC/ M5. The.

Fi nni gan MAT Magnun®) on Heatig (hemiktuee)ta ppefficient tamperhticerfor 4 sufiidientdiamgatoe

concentrator (LSC 2000) was ijni(et e{)Qr anal

Si S, _ . .
cross-1 inder to at least one type of particle or to itself.

69.  An adsorbent and/or catalyst and binder compostgipn'cor_nprising the particlé
made by the process of Claim 23 and further coniprising a second type of
adsorbent and/or catalyst particle and a binder comprising colloidal metal oxide

or colloidal metalloid oxide.

70.  The composition of Claim 69, wherein the binder is cross-linked to at least one

of the particle types or to itself.

71 .. : A method for prodﬁcing an adsorbent aﬁd/or catalyst and binder system
comprising |
@) mixing cdmponents comprising
(a)  abinder comprising a colloidal metal oxide or colloidal
metalloid oxide, '
~(b) an oxide adsorbent and/or catalyst particle, and-

I
ﬂ_\. ",

(c) anacid,
(i) removing a sufficient amount of water from the mixture to cross-link
components a and b to form an adsorbent and/or caté,lyst and binder

system.

72.  The method of Claim 71, wherein the removing is by heating or by using a

drying agent.
73.  The method of Claim 71, wherein the removing is by heating.

74.  The method of Claim 71, wherein the binder comprises colloidal alumina; '

colloidal _silica, a colloidal metai oxide wherein the metal is iron, or a mixﬁ_xre

il




The calibration curve procedure was as follows. A freshl 9 58
- TCE stock solution was obt ai ned by dissolving 34.2 [err]l J N 1998
*.-gpectrophotonetric gr $ﬂ Bﬁm in 20 mM HPLC grade net hanol :

(Fisher) followed by |dti y&f ¢r. Dilution of thls sol ution (1000
[err]l: IL) resultediin a % DT ock'solu dilutions were.
~acconpl i shed using de| oni zed water. A cali bratl urve was constructed by
purging 1.0, 0.50, 20, 0.10, and 0. 050 ppb TCE Sol uti ons. WO 97/ 47380

DT LSS 7/ 09038 The tRIESh 19 are ot forth below in Table 13, Tabl e 12
Sor bent Sanpl e TCE found, ppb =~ TCE Detection.limt, ppb Table 11,

entry | Nda det. ect ed. The
fact that TCE75n t.[desnsthpdof GlajraJd, ‘f’h%fﬁmébﬁ{’ﬂﬂﬁr ’@EP!&O*TI&
| char acterizes it as a nonhazar dous waste with -
76.  The method of Claim 71, wherein the binder is from 1% to 99.9% by weight of
the mixture.
. 77.  The method of Claim 71, wherein the binder is colloidal alumina and is from
'10% to 35% by weight of the mixture.
78.  The method of Claim 71, wherein component b comprises at least two different
types of oxide adsorbent and/or catalyst particles.
79.  The method of Claim 71, wherein component b comprises' at least threc -
different types of oxide adsorbent and/or catalyst particles.
80. The method of Claim 71, wherein component b comprises a metal oxide _
particle.
o 81. -The method of Claim 71, wherein component b comprises a non-céramic,
{;’ porous mietal oxide particle.

82." - The method of Claim 71, wherein component b comprises a pérticlé of an oxide

of aluminum, titanium, copper, vahadium, silicon, manganese, iron, zinc, |
zirconium, magnesium, calcium, strontium, barium, bo_ron? gallium, indium,
thallium, germanium, tm, lead, arsenic, antimony, or bismuth or zeolite or a.

mixture thereof.

83. | The method of Claim 71, wherein component b comprises a mixture of at least |
two metal oxide particles having the s_é.r_ne metal with varying stoichiometry and

~oxidation states. | | _ R

s Sheet. Has Been Reﬁaced
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respect to T((j:E E>c<jarrpl eblg Adsorbenlt and/ or Icat al yst and gﬁmtq%p(p&%‘? 38
. were prepared as described in Exanple 11 utilizing Bayeri s
“(cal cined 550[err] C BT L ey Efjat ed with 0.5% ace!Pm gr Jﬂ:N 1998

i 25% by wei ght cpniISi

using 7 err], 1 hour curing

time, extruded and cufed_at LAk nfL s of 30 [err], 400[err], 450,
500[err], 550, 600, and 650[err] Tabl e 13 glve e curing tenperature and

. properti.es of .t hes b r u nts,

orury por osPie: 1y anrRarEo G 75 Ao RopBolen o (ol SRnIRAR TS

- adsorbent and/or ca{&aaixmﬁummb coppk videswpadinhs dpem:&dé @ﬂiasaddamdhescrl bed in
- Exanple 11 utilizing Bayerite_ alumna (calcined 550[err] C for hr, .then
treated with 0.5% A@égmesaéml%%roqexmfﬂlyc oyé%zer@pnmld@pyﬁomp pagtisleg 7
' % acetic acid,- 1 hour curing time, extruded and cured at tenper at ures, of

- 300, 350[err], 400[err], 450[err], 500, and 600[err]. Table 14 give the

. curing tenper &sur emaahqnmm@ﬂ(t‘lhﬁﬁ 84f whdreineompioaentdl farther comprises'a second type

of adsorbent and/or catalyst partlcle of aluminum oxide, titanium dioxide,
copper oxide, vanadmm pentox1de s111con dioxide, manganese dioxide, iron

oxide, zinc ox1de,.zeohte, activated carbon, peat, zinc or tin particle.

86.  The method of Claim 71, wherein component b _comprises a non'-amofphous,
non-cerémic, crystalline, pofouS, calcined aluminum oxide particle that was
produced by calcining the precursor to the calcined aluminum oxide at a particle
temperature of from 300°C to 700°C.

- 87.  The méthod of Claim 86, wherein the calcined aluminum oxide particle is in the

gamma, chi-rho, or eta form.

88.  The method of Claim 87, wherein the calcined aluminum oxide particle was

pretreated with an acid activation treatment,

AN
r

S 89.  The method of Claim 71, wherein the acid comprises an aliphatic or aryl

carboxylic acid. '

90..'-:";". The method of Claim 71 wherein the acid comprises nitric acid, sulfuric acid,
. hydrochlonc acid, bonc acid, acetic acid, formic acid, phosphonc acid or

mixtures thereof.
91. . The method of Claim 71, Wherein the acid is acetic acid or nitric acid.

92. The method of Claim 71, wherein the concentration of the acid is from 0.15 N
to 8.5N. '
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- . PCTUS 97 /09938
\Ié\gT?ZJ/Sg;?gg%S 81 d rface area measuremelpwus @JBYJJN 1998

“poérosinetry and therrfii‘lngﬁlﬁB SeBEEN &nal ysis. Figure 2 gi ves the surface
~area of Al um na- Al urfi na c@®ERAJEDes pr¢pared as described in Experinment 15
and 16 as a functi om—of—Turtmg tenper at ur e. dﬁe 2 al so gives-the surface

_area the particle upon curing for 7 hours an hours). In addition,

Flgure 2 gi vesst he ryytgg @@;@gqgl%ﬁe&mﬂ PRI fagygpared as

. described in perlne upon curlng ours an hours at
» 350[err] C. The data in Tables 13 and 14 and Flgure 2 |ndicate how t he

“surface area, _su gge mor D aC|d roperti.e S-S V3 Bronst ed

“sites) can be? gontrg‘FF‘%‘?ﬁh?A)"f]ﬁ%g pigiite hopiing i Fromd Fé31590¢én thea,

 bulk density, skel ¢ffier feRbid%1 alRRRdrickilofARFsiR&. d Pr opertres obt ai ned are

gdependent upon curing tinme and curing tenperature

95.  The adsorbent and/or catalyst and binder system made by the process of Claim
. ' |

96.  An adsorbent and/or catalyst and binder system comprising a binder that has
. been cross-linked with at least one type of oxide adsorbent and/or catalyst

particle.

97. The system of Claim 96, wheréin the binds_r comprises a colloidal metal oxide

or colloidal metalloid oxide.
98.  The system of Claim 96, wherein the binder comprises cbllbidal alumina,
colloidal silica, a colloidal metal oxide wherein the metal is iron, or a mixture

thereof.

99.  The system of Claim 96, wherein the binder compnses colloidal alumina,

Ty
s

- - colloidal silica, ora mixture thereof,
10()}_ - The system of Claim 96, wherein the binder is colloidal alumina.

101.  The system of Claim 97, wherein the binder is from 1% to 99.9% by weight of
 the mixture. '

102. The system of Claim 97, wherein the bmder is colloxdal alumina and is from
10% to 35% by wexght of the mxxture

103. The system of Claim 97, wherein the oxide adsorbent and/or catalyst particle
comprises at least two different types of ox1de adsorbent and/or catalyst

AMENDED SHEET - This Sheet Has Been Repl




- RCT/ US97/ 09939 83 [err]-
- PCT/ US97/ 09938 84 Exanpl e/ Al[err]J err]-col |l oi dal
Alferr]Jerr] binder 5/5/ 70/ 20 wei ght %cat al yst was prepared_as descri bed
in Exanple 11. The catalyst (0.933 g) was Iorg into a "U '

particles.

R POIUS 97709938
EASr ?]7/ 4733\103 97/ 47380 TH\RO SHEET H%% BEEN Pq‘%gg E%N 1998

' 104. The system of Claxm 97, wherein the oxide adsorbent and/or catalyst particle
| comprises at least three different types of oxide adsorbent and/or catalyst ~

pamcles.

105. The system of Claim 97, wherein the oxide adsorbent and/_or catalyst particle

comprises a metal oxide particle.

106. ~ The system of Claim 97, wherein the oxide adsorbent and/or catalyst ;'>artiele

comprises a non-ceramic, porous metal oxide particle.

107. The system of Claim 97, wherein the oxide adsorbent and/or catalyst particle
comprises particles of an oxide of alurhinum, titanium, copper, vanadium,
silicon, manganese, iron, zinc, zirconium, magnesium, calcium, strontiuin,
barium, boron, gallium, indium, thallium, germanium, tin, lead, arsenic,

antimony, or bismuth, or zeolite, or a mixture thereof.

108.  The system of Claim 97, wherein the oxide edso'rbent and/or catalyst particle
comprises a mixture of at least two metal oxide particles having the same metal

' (,,.,’ - with vary_ing stoichiometry and oxidation states.

109. The system of Clalm 97, wherein the oxide adsorbent and/or catalyst partlcle
= comprises alummum ox1de, titanium d10x1de, copper oxide, vanadium
pentoxide, silicon dioxide, manganese dlox_xde, iron oxide, zinc oxide,

zirconium oxide or zeolite particle.

110. The system of Claim 97, wherein the oxide adsorbent and/or catalyst particle
further comprises a secend type of adsorbent and/or catalyst particles of
aluminum oxide titanium diexide, coﬁper oxide, Vanadium pentoxide, silicon

' _ledee, manganese dioxide, i iron ox1de, zinc oxide, zeolite, activated carbon,

' peat, zinc or tin partlcle ' e

_____ e Co ' . eet Has Been Replaced
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tube" flow reactor, was attached to a gas cylinder with a% 7§(j%&(.938
of 60 ppmof CO and O. I%S ma IBRERI]T - ‘The CO pent ane 1998
. passed over that cataly: I i wratje of 80 nL/mn. Figure 3 gives a

| pl ot -of CO concentrati o vs tinme. The data indicate that

§the|r I's an induction perlod after which the ciltf? yst oxidi zes CO at room
‘tenperature. Experinent 18 A Cud Ga[err] Jerr]/ rr]d err].-col | oi dal
Alferr]Jerr] fLind ' Y bed

" Beanpl o 11. e muetyRleRoralfos WndtUhE0a: il SRPbFAAI BRRET] Do
reactor, was att achmhprisesa gais-ampiphous monidetenzic syrpstéltine,ponoust caleined 81 ppm

of NO, 910 MmCOin nitro The It ture.was passed_over
that catal yg![O at a qﬂp &QHBPN%I#%W’% Pr%#‘tfﬁsgyﬁa%%ﬂlﬁmcgﬁ" ritecurve

det er mi ned .under ”&k‘%né‘&il@:&ﬁdu%éxldgépﬁﬁdrﬂ&@tterﬁ rﬁiﬂf@étffrdiﬁ’fBéb @@&7@}”@9(’
through a 5-gallon canister of alum num oxide that was cal ci ned at

550[err] C for 2. 5 hours then acid washed with a 0. 5% sol utlon of acetic

our s of the. clarvarhf Sk SRR AL BRSS e ESHh KBRe Bati e !

- wat er the effl uent the gamma, chl-rho, or eta form.

113. The systeni'of Claim 112, wherein the calcined aluminum oxide parﬁcle was |

pretreated with an acid activation treatment.

i14. The system of Claim 96, wherein the binder is colloidal alumina and the particle

comprises aluminum oxide, copper oxide, and manganese dioxide.

115. The system of Claim 96, wherein the binder is colloidal alumina and the particle

comprises aluminum oxide and carbon.

116. The system of Claim 96, wherein the binder is colloidal alumina and the particle

- comprises copper oxide and manganese dioxide.

(o)  117. Thesystem of Claim 96, wherein the binder s colloidal alumina and the particle

comprises aluminum oxide, copper oxide, manganese dioxide and carbon.

11855':;"? The system of Claim 96, wherein the binder is t:o_ll_oidal silica and the particle
comprises aluminum oxide, copper oxide and manganese dioxide.

119. The system of Clalm 96, wherein the bmder is collmdal alumma and the partlcle

‘comprises alummum ox1de galhum oxide and c0pper oxide.

120. The system of Claim 119, wherein the coll@idﬂ alumina is from 1 to 97% by
- weight, the aluminum 6xide is from is from 1 to 97% by weight, the gallium

_/,_g&dgs from 1 to 97% by weight, and the copper oxide is from 1 to 97% by

\\II\II\ L i \lI\ L MEORDSEE e Bmllmlaced
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was tested for uranium and the results are in Table 15. ]'ngwﬂngN 1998

" Mo influent
- (mg/ L) effluent

particle with the follow ng conposition was pr
Exanple 13 in order to test its effici.ency in

, 65. 44 concentrati on
.08 REPLAGED concdntrati ;Z( ng/ L) Exanple 20 A

ed in a manner simlar to
Vi ng chlorlnated

hydr ocar bons from aweight.

121.

122

123.

124.

125.

126:

The system of Claim 119, wherein the colloidal aii.tmina is from 5 to 40% by
weight, the aluminum oxide is from is ﬁom 40 t_o' 97% by. ﬁefé’ﬁt, the galligm
oxide is from 1 to 10% by weight, and the copper oxide is from 1 to 10% by
weight.

The system of Claim 96, wherein the binder is colloidal alumina and the particle
comprises .aluminum oxide, and a mixed oxide comprising manganese dioxide,

aluminum oxide and copper oxide.

The system of Claim 122, wherein the colloidal al_umina is from 1 to 98% by
weight, the aluminum oxide is from is from 1 to 98% by weight, and the mixed

oxide is from 1 to 98% by weight.

| The systeni of Claim 122, wheréin the colloidal alumina is from 10 to 40% by

weight, the aluminum oxide is from is from 10 to 40% by weight, and the mixed
oxide is from 20 to 70% by weight.

The system of Claim 9_6, wherein the binder is colloidal alumina and the particle

- comprises aluminum oxide and copper oxide.

The system of Claim 125, wherein the colloidal alumina is from 1 to 98% by

weight, the aluminum oxide is from i$ from 1 to 98% by wexght, and the copper

127.

128.

oxide is from 1 to 98% by wexght

The system of Claim 125, wherein the colloidal alumina is from 10 to 40% by

' welght the aluminum oxide is from is from 30 to 70% by welght and the

copper oxide is from 1 to 20% by weight.

The system of Claim 96, wherein the binder is colloidal alumina and the particle'_
comprises aluminum oxide, copper oxide and zircom'um oxide.

E . ET Thls Sheet Has Been R,
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e L/
ground water source: 60% A1203 (Acid e nced al um na), g
VCLECULI TE[err], 20% afqiiqiayBEN@ies BEEM | o dal al umi na) UNAQQB

“oparti al groundvvater profile ed foll owi ng -contam nants at pH 6.7:
1, 1- Di chl-or oet hene RQ[‘UA@E!? 7, 100ppb Acet one P

~ 40,000 Methylene Chloride | /O’;l 90,000
1, 1- Di chl or oet hane 100 1,1, 1- Tri chl or oet hane

- 27,000 Tri chlggoet stem of Claim 128, wherein the colloldal alumma ﬁ?&brﬂ' 0ltol 7% by
1100 Tetrachl oroet 0. Thirty three

~.gallons of the bi rmleghtath!t abanmumxmig/@tf@m iscfiom 140 89% lm wewS@gameowpa?fum |
The "gr oundvat er Was ”%i W Bﬁ%%ywagﬁ'ie%@m@m@o&%%x?ée f& ﬁ%&“x td 9%% by

 effluent was

130. " The system of Claim 128, wherein the colloidal alumina is from 10 to 40% by
weight, the aluminum oxide is from is from 30 to 70% by weight, and the
copper oxide is from 10 to 20% by weight, and the zirconium oxide is from 1 to

20% by weight.

131.. The system of Claim 96, wherein the binder is colloidal alumina and the particle

comprises aluminum oxide and silver nitrate.

132.  The system of Claim 131, wherein the colloidal alumina is from 1 to 98% by
“ Weight, the aluminum oxide is from is from 1 to 98% by weight, and the silver
nitrate is from 1 to 98% by weight. a |

133. The system of Claim 131, wherein the colloidal alumina is from 10 to 40% by
weight, the aluminum oxide is from is from 30 to 70% by weight, and the silver
. nitrate is from 1 to 20% by weight.
@,
- 134. The system of Clalm 96, wherein the binder is collmdal alumina and the partlcle
comprises alummum oxide, magnesmm oxide, manganese dioxide and copper

~* oxide.

" 135. The system of Claim 134, wherein the colloidal alumina is from 1 to 96% by
weight, the aluminum oxide is from is from 1 to 96% by weight, the magnesium
oxide is from 1 to 96% by weighi,- the manganese dioxide is from 1 to 96% by

 weight, and the copper oxide is from 1 to 96% by weight.

136. The system of Claim 134, wherein the colloidal alumina is from 10 to 40% by
 weight, the aluminum oxide is from is from 30 to 70% by weight, the

eet Has Been Replaced
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. | ) | | PUl/Uo 7/ 09938
86 anal yz r v i rgani r punpin n
o The e omter 'emgs;;ﬁcgsﬁgggg@wﬁ e 16, ?ﬂ%ﬂiﬁg‘émsamm%

ceffl uent _ % concentration reduction

- eoncentration reductjion aRER ' at 70,000 gallons

" (ppb) | gallons (ppb) 1,1,1- Z@g( 1280 T 95

. 3819 86 trichloroethane trich| oroet ND 100
10 99 tﬁ%%x?é%fﬂn‘%ﬁﬂ@‘im&ﬁ 1 to 309 by weight, the m3figdhese dioxide is #8m 1
97 These results de trate that the |evel of chlorinated hydrocar bons in

the groundwat er weto20% by wesighti apdithe @@WW’HﬂheﬁrﬁQmé tgrRounbIaEiEht was
contacted with the binder and cat aI yst system ’
™,

137. The system of Clalm 96, w_herem the bmder.'is c.olloidal a_hi'miné and the particle
comprises aluminum oxide, copper oxide, and a mixed oxide comprising copper

oxide, manganese dioxide, and lithium hydroxide.

138. The system of Claim 137, wherein the colloidal alumina is from 1 to 97% by
weight, the aluminum oxide is from is from 1 to 97% by weight, the copper
oxide is from 1 to 97% by weight, and the mixed oxide is ﬁ'ofn 1to 9_7;% by
weight.

139. The system of Claim 137, wherein the colloidal alumina is from 10 to 40% by
¥ weight, .- aluminum oxide is from is from 30 to 70% by weight, the copper
oxide is from 1 to 20% by weight, and the mixed oxide is from 1 to 20% by '
weight. | |

140, The system of Claim 96, wherein the catalyst and binder system comprises
cblloidal'allﬁnina, aluminum oxide, and one or more of the oxide particles of
V,05, WO,, WO,, TiO,, Re,0,, As,0;, As,05, 05O, Sb,0; or mixtures thereof.

141. The 'systen.l of Claifn 96, wherein the cafalyst and binder system comprises
| - colloidal alumma, aluminum oxide, and one or more of the oxide particles of
"% V7,04, ZtO,, TiO,, MgO, ThO,, lanthanide oxides or mixtures thereof.

142.  The system of Claim 96, wherein the catalyst and binder system comprises
colloidal alumina, aluminum oxide, and one or more of the oxide particles of
CuO0, Zn0, Ag,0, Ag0, CdO, Sn0,, PbO, VZOS;- ZrO,, MgO, ThO,, lanthanide |

oxides, or mixtures thereof.

143. The system of Claim 96, wherein the cataIyst and binder system compﬁses

colloidal alumina, alummum ox1de, and one or more of the oxide partlcles of

* ¢ L M s %
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o 97/47380 - - | POTUS G7 /09938
PCT/ US97/ 09938 87 Exanple 21 Using the identical binder MS %tjUnN 1998

;:-..---'EXarrpI e 20, the renovaf—ef—tet+achi-oroetihene from ground water was

. investigated. A 55-gal BHISHSHERTWAAS THBENGlG wi th 36 gall ons of the bi nder
catal yst system The cpntaniRERLAGEDhat er jwas pu fromthree wells through
the nmedia at a conbined™TTow rate of approxi na 4gpm The pH of the

| _ground water was 6,5. r oxi mat 9 0 I : 3 1 '
Pad been purped AN oA, BRRadtOxOTys £98, SBRy RipERIOIIGRER diftes!
experinment are shown In Table 17. TABLE 17 contam nant i nfluent

ef fl uent ef fl uent %, concentrati on, .concentration-

reduction * codént Theispriemof Glam Un whereithegptalyst and binder systegy copprissy
gal I ons (ppb) colloidﬂ%&h&n&salﬁﬁ% Gkide Jandone or more of the bRfle particlesof 130

19 310
' Fe,0,, Fe,0,, CoO, Co,0, or mixtures thereof.

145.  The system of Claim 96, wherein the catalyst and binder System coi'nprises
' colloidal alumina, aluminum oxide, and one or more of the particles of zeolite,

MgO, ThO, or mixtures thereof.

146. The systém of Claim 96, wherein the catalyst and binder system comprises
colloidal alumina, aluminum oxide, and one or more of the oxide particles of

MgO, ThO; or mixtures thereof.

147. A method for reducing or eliminating the amount of a contaminant ﬁ'dm aliquid
or gas stream comprising contacting the system of Claim 96 with the
contaminant in the stream for a sufficient time to reduce or eliminate the amount

of cgntaminant from the stream.
148. A method for reducing or eliminating the amount of a contémina_nt from a liquid
e © or gas stream cbmprising cOntactin_g the system of Claim 97 with the
| contaminant in the stream for a sufficient time to reduce or eliminate the amount
~_ of contaminant from the stream.
'149.  The method of Claim 148, Whéfein the stream is a liquid.
150. The method of Claim 148, wherein the stream comprises water.

151. The method of Claim 148, wherem the stream isa gas.

152. - The method of Claim 148, wherein the stream comprises air or natural gas.

This Sheet Has Been Re'ilaced
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i ch‘I ot oet hene 2- but anone 48 | "lc 97 / 09 8
@400 trichl oroet hene 130 : SDBQ JUN 1998

':-_-_;.-_}100 t et rachl or oet hene _ 120
98.5 The increase in cbidiénd s-l, 2-dichloroethene is a result of
and an indication of the degﬁ ftetrac [ oet’hene.
Cis-1, 2-di chl oroet hene™ n |nterrred| ate pro of the degradation of

‘tetrachl oroet hege, Tﬂ@h?é%dcﬁo@tflﬁfh@mé‘%éi%?e WABinSin SR fRITh tle ligld rigdsout
this application, various publications are referenced. The di scl osures of

these publ i cati ons sirearh iscrieducedtor ebmireseddviea basalytiy réantien.por at ed by ref erence
into this application in order to nore fully descri be the state of the art
to which this invention pertains. WO 97/ 47380

PCT/ US97/ 0993&558 The method of Clalm 148, wherein the contaminant from tﬁe 11qu1d or gas =

stream is reduced or elnmnated by an adsorption reaction.

155.. The method of Claim 148, wherein the contaminant is acetone, ammonia,
benzene, carbon monoxide, chlorine, hydrogen sulfide, trichloroethylene, 1,4-
dioxane, ethanol, ethylene, .formal_dehyde', hydrogen cyanide, hydrogen sulfide,
methanol, methy! ethyl ketone, methylene chloride, niﬁjogen oxide, pfopylene,
Y styrene, sulfur dioxidé, toluene, vinyl chloride, arsenic, cadmium, chlorine, 1,2-

dibfomochloi'opropane, iron, lead, phosphate, radon, selenium, or uranjum.
156. The method of Claim 148, wherein the contaminant is hydrogen sulfide.

157. A method for catalyzmg the decomposmon of an organic compound comprising
contactmg the organic compound with the system of Claim 96 for a sufficient

time to catalyze the degradation of the organic compound.
158. The method of | Claim 157, wherein the catalytic reaction is at room temperature.

159. The method of Claim 157, wherein the ofgaxﬁc compound is a chlorinated
" hydrocarbon. - ' ' |

160. - The method of Claim 157; wherein the organic compound is trichloroethylene.

161. A method .fdr r'educing'or elinﬁﬁating a contaminant from a gas stream by
catalysis compnsmg contacting the system of Claim 97 with a gas stream
containing a contammant comprising an oxide of nitrogen, an oxide of sulfur,
carbon monqx:de,hydrog_en sulfide, or mixtures thereof for a sufficient time to

reduce or eliminate the contaminant amount.

* This Sheet Has Been Replaced
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Ii_ will be apparent to those skilled in the art that var”'&ﬁﬁga 7r!alagn238

and variations can be made in the present i nvention wt r]_gbUN' Qgga

§the scope or spirit o Tﬁl@eSH her errbodl ments of the invention
‘w'l |- be apparent to tjj %EP e art om.consi-deration of the’
~specification and practice tlond sed herein. It is

. i-ntended that the specificati on and exanpl es nS| dered as exenpl ary
“only, with a 162ie Theprtiwdbf< i 161QfwHeben lht\tﬁtﬁlytﬁ:rreb:ﬂidngs at@doaatemPerayuré.ne
- following clains. - A process for producing an acid enhanced adsor bent

. particle conprising contacting a partlcl e conpri si ng a non- anor phous,

{ non-ceramc, st Q% e that

| was produced g?/:yca c’?‘%‘%ﬂﬁgf%?‘{dg%g‘ I C *elﬁ?’gln%g lg?‘uo? of Fﬂgn@%? err]Cto

| 700 [err]C, with acohtheting the sybtdmof Elaim 97 witlealiquidros gamstrmr“amnaningehe

. adsorbent properties of the particle, wherein the resultant acid treated

- al umi num oxi de is H¥ subsequently cal cined, wherein the acid contacti ng is
- more than a surface wash but |ess than an et chi ng, wherein the

concentration of the acid is less than or equal to 0.01 N -
164. The method of Claim 163, wherem the ion compnses an anion, a cation, an oxo-

anion, a poly-oxoanion or a mixture thereof.

165. A method for regenerating the system of Claim 97 that has adsorbed &
ST ' contaminant, oomprising thermally oxidizing said system or contacting said
system with (1) a reagent wash comprising aqueous ammonia, a phosphine, a
| detergent or a mixture thereof; (2) an acid or base to cause a pH swing; (3) ora

" Lewis acid or base.

166. A method for producing an adsorbent and/or catalyst and binder system
comprising S .
() mixing components compnsmg |
(a) a binder comprising a colloidal metal oxide or colloidal
_ metalloid oxide,
C:) ' o | (b)  afirst adsorbent and/or catalyst particle that does not cross-link
with the binder, and | '
3 (c) an aoid _
(i) removmg a sufﬁcxent amount of water from the mixture to cross-link
component ato 1tself thereby entrapping and holding component b
' w1thm the cross-linked binder, to form an adsorbent and/or catalyst and
binder system.

167. The'method of Clalm 166, wherein the removing is by heatmg or by using a
drying agent.

"~ 168. The method of Claim 166, wherein the removing is by heatmg

This Sheet Has B
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2. The net hod of Cla|m1 V\/nereln the particle terrpera’m(u%& !4 %’ﬁ
,_[err]Cto 700 [err]C. .fc ?E of Cdaim1l1, wherei

, conprises an allphatlcﬂﬂs Sﬂ'E;E W&gr fic acid. 4. - The process of aim
1, wherein the acid donpri KEBLAGED: i c,

;borlc formc, or phoSpnoric acid, or M xt uries
. of Claimail, V\/nereln the acid corrprlses acetic

itric, Z r|c hydrochlorlc

cid. 6. The process of

eof . 5. The process

938
1998

" daim1, wherébn tmemmmmﬁ@gxmssmyﬁmhqsrmonmnsmgm@rdgadsgr&hmrﬂmrt icle in

L acid. 7. The proce
falé

15 m nutes. 8.
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rinsing the partiClagq i deEoMMParel€ 86 tRFbY- en&appmg H@h&ﬂﬁ%@ﬁéﬁ&ft phtiglem 1,

- further conprising the step of drying the particle. . he” process of
Clai m1, wherein t hathin thetcrosadinked bmdnlgmd/orsmdqu Mresst-hnlwdﬁuteq andsesond
acétic acid solutign aﬁ | ess than or equal to 0.005 N. 11. The process of

Claiml, wherein t REUTS ut e aci d strength is eqw val ent to an aqueous

170. The method of Claim 166, wherein component b comprises an activated carbon
particle. |
171. The method of Claim 166, wherein component b does not contain an oxide
particle.
172. The method of Claim 166, wherein the binder comprises colloidal alumina,
' colloidal silica, or a mixture thereof.
173. The method of Claim 166, wherein the Bihder is colloidal alumina.
174. A composition for binding adsorbent and/or catalytic particles to produce an
agglomerated particle compﬁsing (a) a colloidal metal oxide or colloidal
_ metalloid oxide and (b) an acid.
175. - The composition of Claim 174,'wherein the colloidal mnetal oxide or colloidal
metalloid oxide comprises colloidal alumina or colloidal silica. -
176. The composition of Claim 174, wherein the colloidal metal oxide or colloidal
metalloid oxide is colloidal alumina.
177.  The composition of Claim 174, wherein the acid is acetic acid or nitric- acid.
178. The composition of Claim 174, wherein the acid is nitric acid.
179. Akit for binding adsorbent and/or catalytic partiblés to produce an |



. . ¥ 7 by 3 &
acetic acid solution at less than or equal to 0.001 N. 1 T/ 9,r /co%%)d
- Caim1, wherein the ﬁ T TdastgeeRdt h is equi val ent ugﬁiﬁ 98
-acetic acid solution 311[ grgﬁ ‘1")55to 0.01 N 13. The process of Claim

1, wherein the dilutelacid. Pe, {h i equi val 210 an aqueous acetic acid’
solution of from0.001 to 0.01 N. 14.  The-p s of aim1l, wherein the
dilute acid strength is equivalent to an aqueous acetic acid solution of
| flrom 0.005 to 0. 0lagglomérated partislpeamprisingfa) eicalloidal mefakexifdnor ¢pdloidel ci ned
. alum num oxide is in the ga i-rhg, or eta form 16. The process of
Caim1, wherein t%taypmwggnﬁ?ﬁbr'_to or after acid treatPrent I S not
sintered. 17. The process -of Caim1, wherein the particle consists
essentially of al um num oxi de. 18. The process of Claim 1,.wherein the .
particle consl8ls Afmethodforbinding adsorbegt and/aratalytisceasticles, cofgrising the Hensei n

the resultant aci dof;;reat ed al um num oxi de is- substantially m croporous. 90

(1)  mixing colloidal alumina or colloidal silica with the particles and an
acid; o

(2) | agitating the mixture to homogeneity; and _

3) heati_ng' the mixture for a sufficient time to cause cross-linking of the

aluminum oxide in the mixture.

181. The mathod_of Claim 180, wherein the co_lioidal alumina or colloidal silica is

colloidal alumina.

182. The method of Claim 181, wherein the colloidal alumina is from 20% 'to 99%
by weight of the mixture.

183. The method of Claim 180, wherein the acid is nitric acid. |

184.  The system of Claim 97, wherein the particle compﬁses aluminum oxide,

6 )
L~

silicon dioxide and activated carbon.

£
§ by

- 185. .. The method of Claim '71, wherein during or after step (i), the mixture of step (i)
~i: 15 not heated above the cross-iinking temperature of the colloidal metal oxide or
colloidal metalloid oxide.

186. The method of Claim 71, wherein during or after step (i), the mixture of step (i)
is not heated to or above the calcining temperature of the colloidal metal oxide

or colloidal metalloid oxide.

187. The method of Claim 71, wherein during or after step (i), the mixture of step (ij

is not heated to or above the calcining temperattire of the particle.
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20. The process of Claim1, wherein the alum num oxi de gguﬁgz/09938

. adsorbent or catal yst et Fhe nethod of d ai 9 JOUN 1
~particle, prior to c( Hﬁgtgﬁ”ﬁ@\ﬂ/\sh%&lb acid, further conprises a second 998
type of adsorbent and/or cBERLAGEDc parficle anz(é}rther conpri ses a bi nder

conprising a coll-oidal netal oxrde or—coll oi da al | oi d oxi.de. 22. The

. method of Claim2l1, wherein the binder is crosS*linked to at [east.one of

. the particl e(I&;BpeSTlemEmoHToféllaﬁm A3 wherelthduriveg drarften Stefl(dy) the mixture ofrstep (i)

. conprising, (1 mxing the resultant particle of daiml with at | east
one ot her type of ﬁ%bh@é‘?ﬁa‘@ﬁﬁﬁgﬁ) &at al yst particle, a binder conprising

col | oi dal netal .oxide or colloidal netalloid oxide, and an acid; and (2)

- ‘heating the mixture to a sufficient tenperature for a suffigient tine to

cross-1.i nk t hE8%i nlles adsortent anskéartbindes syspere mde@arthcrmoeessmr laim 166.f . -24.
The nmethod of Claim 23, wherein the heating step is from 25 [err]C to 400
[err] C.. 25. The method of C aim 23, wherein the heating step is from 70

[err]C to 1501§09 r I The adsorbent and/or binder system made by the process of Claim 169.

191. An‘adsorbent and/or catalyst and binder system, compﬁsing: ‘
() a pendant ligand substituted or unsubstituted binder, and
(b)  apendant ligand substituted or unsusbtituted oxide adsorbent
and/or oxide catalyst particle,
wherem at least one of components (a) and (b) is pendant hgand

substituted, and wherein component (a) is cross-hnked with component

().

192. The system of Claim 191, wherem the binder comprises a colloidal metal oxide

or a colloidal metalloxd oxide.

193. The system of Claim 192, wherein the binder comprises colloidal alumina,
colloidal silica, a colloidal metal oxide wherein the metal is iron, or a mixture
~ thereof.

M

- 194 The system of Claim 192, wherein the binder comprises colloxdal alumma,

g collmdal silica, or a mixture thereof.
195. The system of Claim 192, wherein the binder is colloidal alumina.

196. The system of Claim 192, wherein the oxide adsorbent and/or oxidé 6ata1yst .
particle is pendant ligand substituted. |

197.  The system of Claim 192; wherein the binder is pendant ligand substituted.
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~ 26. A process for producing an acid enha.chd adsor bent S 7/” 938
L conpri si ng contacting a particle conprising a non-anorph Qeﬂ qﬁﬁjN 1998
""_c-rystal li'ne, porous, qq.hg ml oxi de particle that was produced by
~calcining at a partigle eﬁgﬁfﬁﬂre 0 rfrom 300 [err]Cto 700 [err]C, with
i.a-dilute acid for a fic lt Lo mcreasi t he adsorbent 91 : :

- properties of the particle, wherein the result aci d treated al um num
oxi de i s not sllﬂssequwmrlstﬁnoﬂl@lhmd% Whieereih ithe dvideaadsdrbeandrmizdr oxgded catdiyste

than a surface wash but han an et chi wherein the.concentration of
the acid is fromO. %“N’?Bn &’ er2be°h13F’&5‘gB@é%a§d§Bbs tediuci ng an acid
enhanced adsorbent particle consisti ng essentially of contacting a particle

conprising a non-anorphous, non-ceramc, crystalline,. porous,a, calcined,
al um num oxi de99ar tThel systeivedf (Wasn[biéz;ddmdnlﬂ;e pmldantrhgagd ambsatmmntqndhebmder

t t f f th t d f
uf Ticrent i me t o FRARAEA el subsbpisith ixisBeienily fofaritesf ral
wherein the acid C(Hifeaﬁéddﬁﬂtlig%nm&et&m&n aTefpiéEn %\?@nﬂgﬂa less than an

etching of the particle, wherein the concentratlon e acid is Iess

200. The system of Claim 199, wherein the pendant hgand moiety further comprises

a tether end.

201. The system of Claim 200, wherein the tether end comprises an aliphatic group,
an aromatic group, a silyl group, a siloxy group or a combination thereof or an

oligomer or polymer thereof.

202. The System of Claim 201, wherein the tether end coxhptises an aliphatic or
aromatic group that is from 1 to 20 carbons, branched or unbranched
substituted or unsubstituted.

203.  The system of Claim 199, wherein the complexing group comprises a group

with a lone-pair of electrons.

204. The systeni of Claim 199, wherein the complexing group comprises a hydroxyl
group, an ether, a thiol, a thioether, an amine, a mono- or disubstituted aming, a

phosphine, a mono- or dlsubstltuted phosphine or a mixture thereof.

205. The system of Claim 199, wherein the complexing group comprises an
unsaturated organic moiety. |

206. The system of Claim 205,'whe_i'ein the unsaturated organic moiety is cyclic,
acyclic, or aromatic.

207. The system of Clann 206, wherein the acychc unsaturated orgamc m01ety
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Ehan or equal to 0.01 N 28. A process for producing a 9@%09938
.ddsorbent particle consisting essentially of contacting ﬁjiN 1998

conprising a non-anor it} crystalline, porous, -
cal ci ned, . al 'um num oxi gg#%eﬁ"tli I@%t Egﬁﬁ pas pr ogua ed by calcining at a

particle tenperature df froRERd€EPerr1cl to 70 r]C, with a dilute acid
for a sufficient tine to increase the adsorbent'properties of the particle,
wherein the aci d comipisks Agolefinyar alyl hediese, 8 tridrece amxturb therédss t han an
etching of the particle, wherein the concentration of the acid is fromO0. 1IN
to 0.25 N. 29. . The nethod of O aim27, wherein the particle tenperature
Is from 400 [gyel ] Crjds g@:ﬁ} b£CTal rH:ZOétherelﬁtﬂé%ﬁé%n_@&ﬁra&HQﬁ' ié\ghoddly aci d
enhanced adsor ent part e conprising contacting a particlgsconprising a
non-ceram ¢, 'por ousymprisesie cpalepantasiienepeycloheptatridnehcyslatictadiane seyclporisiragne
sufficient tine to mcrease t he, adsorbent properties of the particle,
wherein the acid cOr BHWISIISTEOore than a surface wash but Iess than an
etching of the particle, wherein the oxide adsorbent particle is not

al um num oxi de and wher ei n the resultant-acid treated 92
209. . The system of Claim 206, wherein the aromatic unsaturated organic moiety

cdmprises benzene, naphthalene, anthracene or mixtures thereof.

210. A method of using the system of Claim 192 as a catalyst support syste}n
o ' comprising binding the system of Claim 192 with a second catalyst particle.

211." The method of Claiin_21_0; whefei_n the second catalyst particle is a

- homc:cous catalyst.

212, An anchored adsorbent and/or catalyst arid Binder system, comprising:

(a) apendant ligand substituted or unsubstituted binder, and

(b)  apendant ligand substituted or unsusbtituted oxide adsorbent

and/or oxide catalyst particle, and |

(c) a metal complé,x,
o C:) wherein at least one of components () and (b) is pendant ligand |
éubsﬁmted, wherein component (a) is cross-linked with component (b),
and wherein the métai coinplex (c) is bound to component (a) and/or (b).

213. The system of Claim 212, whereﬁ the binder comprises a colloidal metal oxide

or a colloidal metalloid oxide.

214. The systeﬁ of Claim 213, wherein the binder comprises colloidal alumina,
colloidal silica, a collqicl_al’nietal,oxide wherein the metal is iron, or a mixture

thereof. _

215. The system of Claxm 213, wherem the binder compnses colloxdal alumma,

| mlu w0 “’,‘]ﬁ‘ji‘"‘|’|*i‘i,ﬁi|i"|i‘ﬁi||
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OXIde adsor bent partlcle S tly cal cined,
. concentration of the acf gyjssSHEESHAS ENr equal to 0. Olwm eJUN 1998
. process of O ai m 30, wherein ﬁm!\cgsul tant acid treat ed oxide is
; microporous:. 32. The process—et—€rarmm 30, wh n the dilute acid
! strength is equivalent to an aqueous acetic acef lution at less than or -
i equal to 0.005 N.-33. "~ The process of C aim 30, Wwherein the dilute acid
. strength is equi valooHpidabsilier, oyasuxwrathersof aci d sol ution at |ess than or
equal to 0.001 N. 34. .The process of Caim230, wherein the dilute acid
. strength is equi val ent to an aqueous acetic-.acid solution of from 0.0005 to
0.01 N. .35. Jige pPriRcysemf (Thi D1 8Gvherdif H Binddias 6oildidA adshiast rength is
equi val ent to an aqueous acetic acid solution of fromO0.001 to 0.01 N 36.
- The process of Claim 30, wherein the dilute aC|d strength 1§ equivalent to
.an aqueous ac c Ut d r cess
- of Clqal m 30, \?ﬂzr e?f]ﬂ dﬁxe%%lxﬁ; e%‘??}é %P at e ’Iéér?e g%slgg)eytr ﬁ%%ﬁla@%tﬁg
sintered. 38. Thqaamaemndintﬁgandmﬁﬁummrel n the oxide adsorbent
particle is silicon dioxide, nmanganese oxide, copper oxide, vanadi um
. pent oxi de, “zirconi um oxi de, iron oxide, or '

218. The system of Claim 213, wherein the binder is pendant ligand substituted.

219. The system of Claim 213, whc_‘,_r__ein the oxide adsorbent and/or oxide cé.taiyst
particle and the binder are both pendant ligand substituted.

220. The éystem of Claim 213, wherein the métal_ complex comprises a metal salt,
metal carbonyl complex, metal phosphine complex, metal amine comnlex,
metal olefin complex, a metal acetylene complex, a metal polyene complex, a

metal hydride complex, a metal halide complex or a mixture thereof.

- 221. The system of ‘Claim 220, whéi'ein the metal salt comprises_a ﬁalide’, a
carbonate,_ an oxalate, a bicarbonate, or a cé.rboxalate as the counterion of
l_ithium, sodium, potassium, rubic_lium, cesium, francium, magnesium, calcium,

f,.? - strontium, bariuni, radon, the transition metals, the lanthanaide metals or the
actinide metals as the metal mdiety. | '

222 The system of Claim 220, wherein the metal carbonyl comprises a mono-

nuclear or poly-nuclear bin_ary carbonyl of a transition metal.

223. The system of Claim 222 wherein the metal carbonyl comprises a mono-
nuclear or poly-nuclear mixed carbonyl-phosphme, carbonyl-phosphite,
- carbonyl-olefin, carbonyl-acetylene, carbonyl-cyclopentadxenyl complexes,

carbonyl-hydride, or carbonyl-hahde of a transition metal

224. - The system of Claim- 220 wherem the metal complex compnses a

HIIlll\ Illlll IIl\\ \\Ill \\ \ll\
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titani um dioxide. 39.  The process of C aim 30, wherein on) njU 998
particle is zeolite. ﬁ‘f S%Iﬁeﬂ Wﬂ of Caim30, wherein the particle
prior to contacting wt. 19 SH dr conprises a second type of

adsor bent and/or catalyfic paﬁﬁpl-eﬁ and furthetré npri ses a bi nder

n conprising colloidal netal oxide or coll oidal | oi d oxi de. 41. The
| met hod of C aim 40, wherein the binder is cross-linked to at | east one of
- the particle types lq«drmgmnamcsmaﬂalyﬂfzan oxx¢at@nr¢@ta|lw@ adiydepfarmylation eaiplypies

conprising, (1) sul:t ant . (o]

one ot her type of d’&é‘b“r’% a&ﬁg/"&m&‘é"t ?élﬁ& tLPQyﬂ{e?igl n étrar&%%hp#d?gléé\
col | oi dal nmetal oxighealgpst, @@fdrmlﬁ@batnggtahﬁ 6leﬂn®1¥dt£the31sadmﬂa1§m, & HisthenTrbps@)
heating the mxture to a sufficient tenperature for suffighkent tine to

cross-link the bi ndatalyss, %aslfi;@§9néﬁé1Y§WeaIB¥xnﬁﬁﬁl?qr%96¥e or 'to itself. -43.
A process for producing an acid enhanced adsorbent particle conprising

contacting a _ '
' 225.- A method for producing a pendant ligand substituted adsorbent and/or catalyst

system, comprising:
(i) m1xmg components comprising:
(a) a pendant ligand substituted or unsubstltuted binder
| comprising a colloidal metal oxide or a colloidal
metalloid oxide, ‘
(b) apendant hgand substituted or unsubstltuted oxide
| adsorbent and/or oxide catalyst particle, and
(©) an acid, _
wherein at least one of componenté (a) and (b) is pendani ligand
~ substituted, | '
(i) removing a sufficient amount of water from the mixture to cross-
link components (a) and (b) to form a pendant ligand substituted
adsorbent and/or catalyst and binder system, and

(:3 226. The method of Claim 225, further comprising (iii) binding a metal complex .
' onto the resulting system of step (ii) to form the anchored catalyst system.

227 The method of Claim 226, wherein the binding step (iii) comprises vapor
* deposition, incipient wetness, aqueous impregnation or non-aqueous

impregnation.

228. The method of Claim 226, further compnsmg prior to step (i), reacting an
unsubstituted binder with a hydroxyl-reactxve compound to produce a pendant

ligand substituted binder.

229. The method of Claim 226 further comprising pnor to step (1), reacting an

_____ ' . AMENDED SHEET This Sheet |
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|;oart'i cle conprising a non-ceranic, porous, oxide adsorbe% 9 [ /4 49398

dilute acid for a sufficient time to i ncrease the adsorbent

. ‘the particle, wherein th m@é %CBEW is nore n a surface wash but
l.ess than an etching of |t whetei n the ox i de adsorbent particle
i's not al um num oxi de ard wheRELYR Il tantf /acyd treated oxide

adsorbent particle is no subsequently cal ci ned, wherein the concentration

'- 011: E:I he acid is fromnsubstlmtqd)o:od%isnrbennand/ornxedqﬂﬁ%ly% pertwtmﬁby hb’ﬁ@xfélroc ess
"0 aim1l. 45. Th ticl
The particle made Bg,aecpﬁg%rpﬁ%@ é)fo%\é g g’ﬁ‘%.n?ﬁggﬁi %I?ﬁg'l pa ?dc?la?él%)ﬁm by

the process of C aiagdRP oxid8 catalyttsartiélet i cl e nmade by the process: of daim
38.  49. The particle made by the process of C aim43. 5Q. ., The particle
of d ai m 44 or 46, wherein said particle passes the EPA TCLP test for a

230. The method of Claim 226, further comprising prior to step (i), reacting an
unsubstltuted binder and an unsubstltuted oxide adsorbent and/or oxide catalyst
partlcle with a hydroxyl-reactlve compound to produce a pendant hgand
substxtuted.b_mder and a substituted oxide adsorbent and/or oxide catalyst
particle. |

231. The anchored adsorbent and/or catalyst and binder system made by the process
of Claim 226. | |

232. The method of Claim 71, further comprising
iil)  .reacting the resultant oxide adsorbent and/or oxide catalyst
| particle and the binder system of step (ii). with a hydroxyl-
reactive compound to form a pendant ﬁga‘nd substituted oxide

adsorbent and/or oxide catalyst and binder system.

233. The method of Claim 232, further comprising (iv) after step (iii) binding a metal
- ~ complex onto the resulting system of step (iii) to form an anchored catalyst

system.
234.5: The method of Claim 233, wherein the binder is pendant ligand substituted.

235. The method of Claim 232, wherein thé_ oxide adsorbent and/or catalyst'particle
is pendant h'gé_md substituted.

236. The method of Claim 233, wherein the oxide adébrbent and/or oxide catalyst
-particle and tl_i@ binde_,r are both pendant ligand substituted.

237. The method of Claim 233, wherem the binding step (1v) compnses vapor |
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‘bart‘i cul ar cont am nant. 51. The particle of C a.i m 50, " T/US Qg 09938

~ contam nant is lead. 52. A process for reducing or eli

-.of contaminants in a |liquid. orgas—st

particle of Caimi44 qu@QHaETFHPtShﬁgm uid or s stream for a sufficient
time to reduce the anpunt gfémeEallmntet /éntamnatlonfromtheI|qU|d'

or gas stream 53. - ai m 52 erein the streamis liquid

54. ° The process ient\tneisNadu2Busink kidn 98 fion-a The process
of Claim52, where&% QLe con?a% nant SI g(i egd ‘gﬁ%ﬁ?ﬁ gte O%eé%er?lutsjm or zinc.

pam. conpri sing contacti ng t he

. 56. The process iofpregmation.52, wherein the contami nant conprises an anion,

-an oxoanion, a cation, or a poly-oxoanion. 95 57. A conposi tion
conprising the al um num oxi de particle nade by the process gf, Claiml or .
26. - 238. The pendant ligand substituted adsorbent and/or catalyst and binder system~

made by the process of Claim 232

239. The anchored adsorbent and/or catalyst and binder system made by the process
of Claim 233. -

240. A method of encapsulating a contaminant within an adsorbent particle.
comprising heating the particle of Claim 33 that has adsorbed a contaminant to a
~ temperature sufficient to close the pores of the particle to thereby encapsulate

the contaminant within the particle.

3
| 241. A method of encapsulating a contaminant within an adsorbent particle
comprising heating the system of Claim 97 that has‘adsorbed a contaminant to a
temperature sufficient to close the pores of the system to thereby encapsulate the
contaminant within the system '
242. The method of Claim 240, wherein the temperantre is from 450°C to 2000°C.
!,._e.-f X . . . . . ‘

243. The method of Claim 241, wherein the temperature is from 450°C to 2000°C.

244;"*The method of Claim 89, wherein the acid comprises acetic acid, 'benzoic. acid,

butyt'ic acid, citric acid, fatty acids, lactic acid, maleic acid, malonic acid, oxalic
acid, salicylic acid, stearic acid, succinic acid, tartaric acid, propionic acid,
valeric acxd hexanoic acid, heptanoic acid, capryhc acld pelargomc acld capric
acid, undecanmc acid, lauric acid, tndeconmc acld, myristic acid, pentadecanmc
acid, palmitic acid, heptadecanoic acld nonadecan01c acid, arachidic acid,
heneicosanoic acid, behenic acid, triosanoic acid, _hgnocenc acid, pentacosa.noic _
acid, cerotic acid, heptasanoic acid, montanic acid:,. nonacosanoic acid, melissic .

' acid , phthalic acid, glutaric acid adipic acid, azelaic acid, sebacic acid,
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58 The conposition of C ai m 57, further conprisi hg a W
adsorbent particle. 59. The corrp05| tion of C aim 58, JsUNngigg

bi nder. 60. The conposi tion of
Claim57, further c rﬁmlsssl-mﬂslﬂﬂxs BBEN di oxi de, , manganese oxi de, copper

‘oxi de, vanad| um pent X1 de(BE?LAGEW' um gxi de, . i oxi de or titaniumdioxide.
61. The conpositi oh ofwarrmr57—TTrt her cohpr{sing a zeolite. 62. The
conmposi tion of O ajifndufic abid] 4d¥ekic Wét&hﬁ&cﬁ?ﬁﬁ&élc%im Ok iR BREETS ©

oxi de, wherein said copper oxi de and sai d manganese oxi de have not been

aci d enhanced. 63. The conposition of Claim62, wherein the conposition
conpri ses 50- pa I de, 1-49
parts by wei ght of‘&glgﬁtg‘y &-%éﬁ%rg(ﬁ%éﬁfe%xggﬁxdotgjgﬁﬁpftfﬂ)a%&vr%? gh &)éf said
manganese oxi de. %ntamﬂhlﬁ comprising thermalfy &lidizingGaid syetefreorf%’ombdngzmer
oxide is CuO and said mapganese oxide'is MiQJerr]. 65, The conposition of
d ai m 62, wherei n Yaeg w&ﬁ«wsq reAgsnt Y45k eomprising-pguepys gmmenia, p ghosphine, a
trichloroethyl ene. gffgent of A5ni%RIPARIIEND) B adth 3t Bhs o cLHleLRE sHRBP(3) DRI 2

nobl e net al .

Lewis acid or base.

246. An anchored adsorbent and/or c_ataljst and binder system, comprising:

(@) abinder,and : g

(b)  an oxide adsorbent and/or oxide catalyst péu‘ticle, and

(c) a metal complex,

wherein component (a) is cross-linked with component (b), and wherein

2 _ the metal complex (c) is bound directly to component (a) and/or (b).
247. The method of Claim 71, further compnsmg binding a metal complex directly
onto the resulting system of step (ii) to form an anchored catalyst system.

248. The particle made by the process of Claim 247. .‘

| 249. A method for regenerating the system of Claxm 35 that has adsorbed a

contaminant, compnsmg thermally OXIdIZIIlg said system or contacting saxd

N ‘{..‘\.L
[

system with (1) a reagent wash comprising aqueous ammonia, a phosphine, a
~ detergent or a mixture thereof; (2) an acid or base to cause a pH swing; (3) or a

3% Lewis acid or base.

250. A method foi' modifying the physical property of the system of Claim 97,
- comprising heating the system of Claim 97 for a sufficient time to thereby |
modify the physical property. |

251. The method of Claim 250, wherein the heating is performed to increase the

surface area of the system.
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67. The conposition of Caimb57, further corrprl sing a cCJZU&tg ;7a/t 0099 38
. 68. Th tion of Cla|m57 further conprising anm
c (égrrposk pr.ocess—f-or—r br elimnating th gfg &LUN 1998

particle.

' ‘organi ¢ contam nant il EISi SI‘IEEE W’fs QEEN $t ream{(z i sing contacting the
C

_conposition of Caimég2 wtREPDACEDI qui djor ga eam for a sufficient tine
" to reduce the. anount or—ettTnate the organhi{c contam nant fromthe

liquid or gas re nic
Cont bt 274" SR mhod of RS 06 Sl e Bl oS Shipreeofede™ ©
“wherein the organi ereacireaieasntlk densityj sideletul«iehémdcﬁfmemsﬁ? - The process of -

Cl aim 69, wherein said reduction or elimnation is by a catalytic
degr.adati on process. 73. A conposi tion conpri sing (1) a,pgeticle made by

the process cosmri Fhé gyt bACIHiMP13, waéfeinC&lsg&mm{h uBsitfo 5P fh% ?rhb%{

non-ceram.c, crystalline, &orous cal ci ned 'um nu e partic
was- produced by cafud exidea rbﬁnpmd/d)rma&lyaepmmmd@enﬂeﬂﬂymmﬂﬁﬁei atrleds€ t o

- 700 C, th dfor.a.sufficient, tine to increase the
'adso£greH pr\glpert:aelg"4 ggﬁfaﬁgﬁg ﬁﬁgl&y}%a I?IF’&%W?’Q) copper oxi de

and (3) manganese oxi de,

254. The system of Claim 253, wherein the pendant ligand moiety further comprises

a tether end.

o , 255. ' ‘The system of Claim 253, wherein the tether end comprises an aliphatic group,
) | " ‘an aromatic group, a silyl group, a Sibxy group or a combination thereof or an

-oligomer or polymer thereof.

256. The system of Calim 255, wherein the tether end comprises an aliphatic or
' aromatic group that is from 1 to 20 carbons, branched or unbranched,
substituted or unsubstituted.

- 257. The éyétem of Claim 253, wherein the complexing group comprises a group

with a lone-pair of electrons.

258. The system of Claim 253 wherein the complexmg group compnses a hydroxyl
'  group, an ether, a thiol, a thioether, an amine, a mono- or dxsubstltuted amine, a

“** phosphine, a mono- or disubstituted phosphine or a mixture thereof.

259. The system of Claim 253, wherein the complexing group compnses an

* unsaturated orgamc m01ety

260. The system of Claim 259, wherein the unsaturated organic moiety is cyclic,
" acyclic, or aromatic. .

261. . The system of Claim 260, wherein the acyclic unsaturated organic moiéty
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wherei n said copper oxide and said nmanganese oxi de have 3 1998
- enhanced, wherein the concentratior—ef—the acid is |ess ufg
: 0.01 N 74. The conp S\rmscSHEéT HASaBE\EW B, wherein the particle terrperature

is from400 [err]C to 7400 [eREpPIACEDS. corrp ion conprising (1) a
particle made by the prlesess~conprisSINg cont ac a 97 particle
conprising a non-anorphous, non-ceramc, crystaltfin porous, cal cined.

al um num oxi de par tomprises laﬁblefmsarpald}dméldndma tnaxhe:orra mgctmte therpefi t i cl e
tenperature of from300 [err]Cto 700 [err]C, wth a dilute acid for a
sufficient tine to increase the adsorbent properties of the alum num oxide

particle and 463 CoRPEysie bﬁg aﬁﬂdzeb%&%@.@tﬁammgfﬁsaﬁmtefm’gaw niAdty copper

.oxi de and sai manganese oxl ave not been acid enhanced ereinh the
concentration of tbempmsed aicyclopentadietie, byyd¢lohaptateiend, c)mooctaqhnmmW;aene

and/ or catal yst and bi nger g n‘ggsmlon conprising the particle nmade by the
process of O aim 1%% ther conprising a second type of adsorbent

and/or catalyst part | cle and a binder conprising colloidal netal oxide or

col l-oidal netalloid
263. The system of Claim 260, wherein the aromatic unsaturated organic moiety

compnses benzene, naphthalene, anthracene or mixtures thereof.

264. The method of Claim 225 wherein the removing is by heating or by ﬁsing a
o drying agent. '

. 265. The method of Clairh 225, wherein the removing is by heating.

266. The method of Clalm 225, wherein the binder comprises_ colloidal alumina,
colloidal silica, a colloidal metal oxide wherein the metal is iron, or a mixture

thereof.
_ 267. The method of Claim 225, wherein the binder is colloidal alumina.

Cj . . 268. The method of Claim 225, wherein the binder is from 1% to 99.9% by weight of
- the mixture. - '

269 The method of Claim 225, wherein the binder is colloidal alumina and is from -
10% to 35% by weight of the mixture.

270. The method of Claim 225, whei‘ei_n component b comprises at least two

different types of oxide adsorbent and/or catalyst particles.

271. The method of Claﬁn 225, wherein component b comprises at least three

_différent types of oxide adsorbent and/or catalyst particles.

e — . —

[T —— i Ill /i



oxi de. 77. The conposition of Claim76, wherein the bir@ 97/09938
- cross-linked to at Ieasj___o.n.e.d—b—he—*emicle types or to QJUN 1998
: adsorbent and/or catal yNISasﬂfEESiﬂk%rB [posi tion conprising the part icle

‘made by the process of] CI ai 'm@DA@ErD 43 and further conprising a second type

of adsorbent and/or cavedyst—particle and a bi conpri sing coll oi dal
met al oxide or colloidal- netalloid oxide. e conposition of Claim
78, wherei n-t hepbi ”ﬂ%méﬁo& 6?@%&'22%6%&91@60::}&%& Pinptiset Bendiokidel ©
types or to itself. . A met hod of encapsul'ating a contam nant w thin an

adsor bent particle llamqjcl sing heating the particle of Caim44 or 46 that
- has adsorbed a contamnant to a tenperature sufficient to close the pores
- of the particle to thereby encapsul ate the contam nant Wlthi;] the particle.

98 273. The method of Claim 225, wherein component b comprises a non-ceramic;

porous metal oxide particle.

274. The method of Claim 225, wherein component b comprises a particle of an
oxide of aluminum, titanium, copper, vanadium, silicon, manganese, iron, zinc,
zirconium, magnesium, calcium, strontium, barium, boron, gallium, ipdium,
thallium, germanium, tin, lead, arsenic, antimony, or bismuth or zeolite or a

mixture thereof.

275. The method of Claim 225, wherein comporient b comprises a mixture of at least
two ...l oxide particles having the same metal with varying Stoichiometry and

oxidation states.

276. The method of Claim 225, wherein component b comprises aluminum oxide,
titanium d10x1de, copper oxide, vanadium pentoxlde, silicon dloxxde,

manganese dioxide, iron oxide, zmc ox1de, zirconium oxide or zeohte particle.

o B
N

277. The method of Claim 276, wherein compoﬁent b further comprises a second
type of adsorbent and/or catalyst particle of aluminum oxide, titanium dioxide,
"+ copper oxide, vanadium pentoxide, silicon dioxide, manganese dioxide, iron

oxide, zinc oxide, zeolite, activated carbon, peat, zinc or tin particle.

278. The method of Claim 225, wherein component b comprises a n_on-amdrphous,
non-ceramic, érys_talli_ne, porous, calcined aluminum oxide particle that was
- produced by calcining the precursor to the calcfned aluminum oxide at a particle
 temperature of from 300°C to 700°C.

~279. The method of Claim 278, wherein the calcined aluminum oxide particle is in

the gamma, chi-rho, or eta form. ' T
e ——— - . 'This Sheet Has B
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REPLACEMENT SHEET 81. A nethod for regenerating the sys‘%sgg%{ﬂ% 0
» 46 that has adsorbed a contami nant, corrpri sing thermally N fé98

'to cause a pH swing; (B) or K&
. regenerating the systemof Caim47.or 49 that adsor bed a contam nant,

ammoni a, a phosphine,- g i xture thereof; (2) an acid or. base

system or contacting SpLg=S %) a reagent wash conpri si ng aqueous
TS, %‘?%Eg M\% éﬁ f
LAGEDs acid or bagde) B2. . A nethod for

conprising theygonl | Pheaneéitlod bNQlabai2I9syhérein the cﬂexmeaehhﬁgur&aaixdi i t h
(1) a reagent wash corrprl sin aqugous anmoni a, a phosphi ne, etergent or
a nixture thereof; Rreiycagd wikh an agid ggivation tieaimaenta pH swi ng: (3) or a Lewis

. acid or base. 83. A et hod of encapsul ating a contam nant within an
. adsorbent particle conprising heating the particle of Claim47 or 49 that

' has adsorbed &8 ontHieimethod pHChim@2pewhereinehe aéiflicomprisestan adipbatic ortrarylpor es
. of the particle to t%ereﬁ%/ eHcapsuI ate the contam nant within the particle.
I 84. The net hod of®

. 2,000 [err]C. 85. A method for produci ng an adsorbent and/or catal yst and
* bi nder system conprising (i) m Xi ng conponents conprising (a) a bi nder
- conprising a &82} oi The method bf Claim@26y whereindhe atid wemprises nitrindcith sulfuric acid,

wherein the tenperature is from450 [err]C to

hydrochloric acid, boric acid, acetic acid, formic acid, phosphoric acid or

mixtures thereof.
283. The method of CIaim 225, wherein the acid is acetic acid or nitric acid,

284.  The method of Claim 225, wherein the concentration of the acid is from 0.15N
to 8.5N. | |

| 285.  The method of Claim 225, wherein the cross-hnkmg temperature is from 25°C
.to 400°C.

286. ' The method of Claim 225, wherein the cross-linking temperature is from 70°C

to 150°C and the binder is colloidal alumina or colloidal silica.

287. The method of Claim 232 wherein the removmg is by heatmg orbyusing a -
- drying agent. '

288. The method of Claim 232, wherein the fen_loving is by heating.

289. The method of Claim 232, wherein the binder comprises colloidal alumina, |
colloidal silica, a 'celloidal metal oxide wherein the metal is iron, or a mixture
thereof.

1290, The method of Claim 232, wherein the binder is colloidal alumina.

This Sheet Has B
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| (b) an oxi de adsorbent and/or catal yst particle, and (éwgé (}M{
BicJ 998

removi ng a sufficient anount of water fromthe m xture t

| Binder with itself and/qg

i orm an adsor bent and/or cat al yst:

- and binder system with |t %E ﬁ%ﬂsﬂi\& BEEN { he binder is not coll oi dal
- alum num oxi de or coll oi daI SRERIAGED 99 REPL NT SHEET di oxi de. 86.
- The nethod of C aim 85, Wherern tne Temoving i heating or by using a

' drying agent.
. heating. 88.

287  ThéhGthdd SCiafh 282 3 kEré&h thebiadeiin frohel %ea09.9%gby welght of

The nethod of C aim 85, wherein the binder conprises a

. col | oi dal netal
85, wherein the binder is from1%to 99. 9% by wei ght” of the

292.
293.
294,
295.
296.

297.

298,

299.

oxithiemistenieei n the netal is iron. 89. The nethod of Caim

The niethod of Claim 232, wherein the binder is colloidal élﬁﬂrrirfna and is Ifnom
10% to 35% by weight of the mixture.

The method of Claim 232, wherein component b comprises at least two

different types of oxide adsorbent and/or catalyst particles.

The method of Claim 232, wherein component b comprises at least three

different types of oxide adsorbent and/or catalyst particles.

The method of Claim 232, wherein component b comprises a metal oxide

particle.

The method of Claim 232, wherein component b comprises a non-cér'amic,

porous metal oxide particle.

The method of Claim 232, wherein component b comprises a particle of an
oxide of aluminum, titanium, copper, vanadium, silicon, 'manganese, iron, zinc,

zirconium, magnesium, calcium, strontium, barium, boron, g_allium, indium,

 thallium, germanium, tin, lead, arsenic, antimony, or bismuth or zeolitc ora

-+~ mixture thereof.

The method of Claim 232, wherein component b comprises a mixture of at least
two metal okide_ particles having the same metal with varying stoichiometry and

oxidation states.

The method of Claim 232, wherein coinpohent b con’_lprises aluminum oxide,

" titanium d_ioxide, copper oxide, vanadium pentoxide, silicon dioxide,

‘manganese dioxide, iron oxide, zinc oxide, zirconium oxide or zeolite particle.
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n;_xt ure. 90. The net hod of C aim85, wherein the binder. ﬁm&ﬁu ?0¢ 09 9 3 8

. 35% by wei ght of the mixture. 91. The method of Caim8

. conmponent b conprises at _ ' t types of oxi b%ra JUN 1998
"and/ or catal yst particles} THS. SHEEThHASTtBEEm of C ai m 85, wherein conponent

‘b conprises at least threge dlfmpmuggtypes of «le adsorbent and/ or

. cat al yst particles. 93. —ThEe-Tethod—of wher ei n conmponent b
“conprises-a I m n

. component b ggtr)rg ris q’geﬂﬁ%dn&céélr gnngél wherJH%ofé@wﬁxq q{“&ﬁ%r yar méFs X@géﬁ The
- method of O aim 85 typd”tﬂTadSOTbﬁmmd’beaita]l?smmMe sLalumiman bxmb;em@ﬁmﬁndxextdde of
100 alum num titanium, c vanadi um_ sil icon, nmang ane ron,
~zinc, zirconium mSEPREECEIAS x%a&we%w%ﬂlm dipxidey mansmeaiﬁ, wgeder 170

fndium thal l'ium Qﬁfd@aﬂh&'ahde zeolite, activated carbon, peat, zinc or tiri particle. -

-

301. The method of Claim 232, wherein component b comprises a non-amorphous,
non-ceramic, crystalliné, porous, calcined aluminum oxide particle that was
produced by calcining the precursor to the calcined aluminum oxide at a particie
temperature of from 300°C to 700°C. — h

e 302. The method of Claim 301, wherein the calcined aluminum oxide particle is in

the gamma, chi-rho, or eta form.

3 : 303. The method of Clalm 302, wherein the calcined aluminum oxide particle was

pretreated with an acid activation treatment.

304. The method of Claim 232, Qherein the acid comprises an aliphatic or aryl

carboxylic acid.

305. The method of Claim 232, wherein the acid comprises nitric acid, sulfuric acid,
- - hydrochloric acid, boric acid, acetic acid, formic acid, phosphoric acid or

mixtures thereof.
306 The method of Claim 232, wherein the acid is acetic acid or nitric acid.

307. The method of Claim 232, wherein the concentration of the acid is from 0.15N
to85N. |

308. The method of Claim 232, wherein the cross—lmkmg temperature is from 25°C
to 400°C.

309. The method of Cléim 232, wherein the cross-lir_ﬂci_ng temperature is from 70°C
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~tin, lead, arsenic, antinony, or bisnuth or zeolite or amtzélrQQQBB
. 96. .The nethod of O aim 85, wherein conponent b eonpri & eJUIN 4998
| east two netal oxide part gl ' gtgpgNslame nmetal with varying -

stoi chionmetry and oxi dati oh EFSZF g Thie met hod of C aim 85, wherein

- conponent b conprises aluminumg (II-A 2 ta..:ﬂm/ﬂjzﬁi de, copper oxide,

vanadi um pent oxi de, silicon dioxide, manganese dr'éxi de, iron oxide, zinc

oxi de; zirconi um oxpod80YT andtheitirdep iscolloidal alggina ormgdlordal sibida.of C ai m 85,

wher ei n ‘conponent b further conprises a second type of adsorbent and/or

catal yst particle of alum num oxide, titanium dioxide, copper oxide,

: vanadi um pent @ipde, Thel dybteprofullain 9B, whereig alnesindel io voltidalialudhingxdndehe Zi nc

oxi de, zeolite, activated carbon, peat, zinc or tin particlea, 99. The
method of O ai m 85 Paftffde ePRPESHBBHERM SXidsRYXedkaxides o mangpRishReRPern RYide,

. ceramc, crystallingy BRogus. calcined al um num oxide particle that was

- produced by cal cining the precursor to the cal cined alum num Oxide at a

: particle tenperature of from300 [err]Cto 700 [err]C ~100. The nethod of

- Claim99, wherein the calcined al ymi num oxi de partjcle is in.,the ganmm,

. chi-rho, or et33lfor esyetfmor}ﬁﬂ@wéfa‘gmﬁﬂmp Sé’(ﬁ‘,‘lw&‘?ﬁd?'he cal ci ned

~alum num oxi de particle was pretreated

312. The process of claim 39, wherein the contaminant comprises an anion, an

‘oxoanion, a cation, or a poly-oxoanion.

313. The method of claim 148, wherein the contaminant comprises an anion, an

oxoanion, a cation, or a poly-oxoanion.

’ 314. The method of Claim 63, wherein the heating step is from 25°C to 400°C. "
31 5._ -The method of Claim 63, wherein the heating step is from 70°C to 150°C.
316. The method of Clalm 94, wherein the binder is colloidal alumina.
(:3 317. The system of Claim 97, wherein the bhl;ier is not colloidal alumma or colloidal |

silica.

31&; The system of Claim 97, wherein the oxide adsorbent aﬁd/or catalyst particle
has not been acid enhanced treated. '

319. The system of Claim 97, wherein the binder is colloidal alumina and the particle

comprises aluminum oxide, zinc oxide and copper oxide.

 320. The system of Claim 97, wherein the binder is cblloidal alumina and the par_ticle

comprises aluminum oxide and copper oxide.
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--acid,
.-acid, propionic acid,

~Wwith an acid activation treatnent.
. wherein the acid conprises an aliphatic or aryl
i nethod of O aim85, whereim
citric acid,

- butyric acid,
oxal i ¢ acid,

101

102. Igcrabgg;lr\:%rﬂl@ 3 % é509 9 3 8

salr cyI

Iﬂ'ﬁ# t gpg\l $es acetic acid, ben20| C aC|
E%gg fic cgd malelc acid, malonic
i Cc ac ancw'iﬂ? uccinic acid, tartaric

-valeric acid, hexanoic acTd, heptanoic acid,

acid, pel argont. acdie,systemrdf€lain 87, wirerein dheodysteacisaot & aatalyst sipport.
trideconoic acid, nyristic acid, pentadecanoic acid, palmtic acid,

hept adecanoi ¢ acid,

~ behenic acid, 3bbi OW%Wteﬁicdﬂtlaﬂrﬁ gﬂp(éﬂfekéinﬁfe'ﬁm
. acid. heptasan0|c aci d, nontanic acid,

- phthalic acid, glutZ0f €. acid, adi pi ¢ acid, azelaic acid,
. Ci-nnam ¢ acid, acrylic acid,

t her eof
acid,

nonadecan0|c acid, arachidic aC|d
15
nonacosanoi ¢ aci d, ,ngkj ssic acid,
Sebaci ¢ aci &,
i noleic aC|d or a m xture

heneicosanoic aci d,

crotonic aC|d

104. The nethod of C aim 85, V\/nereln the acid conprises nitric

sul furi gaci da mekbdost ene4pstlatifi @ com@minan@dittlin Acaisbibeapaiticle or mi c
--acid, phosphoric acid or

m Xt ur es

comprising heating the particle of Claim 35 that has adsorbed a contaminant to a

324,
325,
¥
| 326.
: .f“‘"-.
o,
327.

temperature sufficient to close the pores of the particle to thereby encapsulate
the contaminant within the particle.

The method of Claim 323, wherein the temperature is from 450°C to 2000°C.

The system of claim 97, wherein the particle () .comprises AlLQ,, TiO,, Cub,
Cu,0, V,0;, SlO,, MnO,, Mn,0,, Mn,0,, ZnO, WO,, WO,, Re,0,, As,0,,
As,0,, MgO, ThO,, AgzO AgO0, CdO, SnOz, PbO, FeO, FezOs, Fe;0,, Ru,0,,
RuO, OsO,, Sb203, Co0, Co,0,, NiO or zeolite.

The system of claim 3'25, wherein the particle (b) further comprises a second
type of adsorbent and/or catalyst particles of an oxide of aluminum, titanjum,
copper, vanadium, silicon, manganese, iron, zinc, zirconium, tungsten, rhenium,
arsenic, magnesium, thorium, silver, cadmium, tin, lead, antimony, ruthenium,
osmium, c‘obalt or nickel 6r zeolite, activated .t_:arbon, including coal and

coconut carbon, ﬁeat, zinc or tin.

- The system of claim 97, wherein particle (b) comprises aluminum oxide, silicon

* dioxide and activated carbon.
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: thereof

nI/tI’I ¢ aC| d.

106 REPLH@MN%&HEETSQ 86m 83
aci'dis from|OQ1lPeddription : papéd TP, pagah

r enoval

wherein the K

. O ai'm 85, whgr ng .

~ heated above tﬁe@uﬁw}{clt

., col | oi dal

1durrng or aft -

t he =cal ci ni ng tenperat ure of the coll oi dal

netal | oj d oW pecestTar proEﬂIth%l'ﬁM ad estlan€édadivdent paftietompisinggortictiafitaer step
is not heated to or above the cal cining

(i),

the m xture of step (i

105. > The. nethod.of

5 T1loff Ehihe) ] C ugeaiDiolmeed &

met]al I"

108.
et Difwih (s ©: PapedD=[ o papéd P

Yag&f L0 ful€P 7L |
Ccross- I|nk| ng tenpi@&\tur

----------------------

rein the acid

qRpLsae™
is acetic o< or

wherein the ngp%‘erm nﬁ SHEEET

thod of Caim

i S not
nmet al

_The nethod of C aim87,
150 [err]C. 1009.

- of IHEEEHIRE |

The &t hod 'of "d &i nt 85, wherein
step (i)

The net hod of
ep (i) is not
tal oxide or

heated to or above

oxi de or col | oi dal

_ terrper at ur ep@qﬁtxc{q@rwmngﬁ pon-amorphous, non-ceramic, crystalline, porous, calcined.

9

(9% )

aluminum oxide particle that was produced by calcining at a particle temperature of from

300 °C to 700 °C, with a dilute acid for a sufficient time to increase the adsorbent

propetties of the particle, wherein the resultant acid treated aluminum oxide is not

subse.qnently calcined, wherein the acid contacting is more than a surface wash but less

than an etching, wherein the concentration of the acid is less than or equal to 0.01 N.

The method of Claim 1, wherein the particle temperature is from 400 °C to 700 °C.

The method of Claim 1, wherein the acid comprises an aliphatic or aryl carboxylic acid.

The process of Claim 1, wherein the acid comprises acetic, nitric, sulfuric, hydrochloric,

boric, formic, or phosphoric acid, or mixtures thereof.

The process of Claim 1, wherein the acid comprises acetic acid.

The process of Claim 1, wherem the contacting is by dipping or submerging the particle

in acid.

The process of Claim 6, wherein the contacting is for at least 15 minutes.

The process of Claim 1, further comprising the step of rinsing the particle to remove

excess actd.

The process of Claim 1, further comprising the step of drying the particle.
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112., The nethod of C aim 85, wherein during or after Ste&d@% e
of step (i) is not heated-above 400 [err] C. 113. tR MEMIWEW
catal yst and bi nder s h@T\a\ de by the process of Claim85. 114. An

adsor bent anﬂmmm bi nder system conprising a binder that has
been cross

east one type of oxide adsorbent and/or
cat.al yst parti i*cl &, V\/nerel n the binder is not colloidal alum num oxide or

col:l oi dal silicon dioxide. 115. The systemof C aim 114, wherein the

bi nder conprises a colloidal netal oxide or colloidal netalloid oxide. 116.
The sve! emraé pdealsBridim MAELIA iGN Q42 | | ron
oxide. }I)' he sbyst emmo d al‘m - gﬁggﬁ%kg@ﬁ%ﬁn% ah?&r om 1% t o
99.:9% by mmql;ﬂatacmt‘soﬂdtnnmt tssithan oité@al tofhe0xsdist em of C ai m 115, wherein the

binder is from10%to 35% by weight of the mixture. 103

11. The process of Claim 1, wherein the dilute acid strength is equivalent to an aqueous |

acetic acid solution at less than or equal to 0.001 N.

12.  The process of Claim 1, wherein the dilute acid strength is equivalent to an aqueous
acetic acid solution of from 0.0005 to 0.01 N.
13.  The process of Claim 1, wherein the dilute acid strength is equiiralent to an aqueous

acetic acid solution of from 0.001 to 0.01 N.

lfL The process of Claim 1, wherein the dilute acid strength is equivalent to an aqueous
acetic acid solution of from 0.005 to 0.01 N.

15.  The process of Claim 1, wherein the calcined aluminum oxide is in the gamma, chi-rho,
or eta form.

16.  The process of Claim 1, wherein the aluminum oxide prior to or after acid treatment is
not sintered.

17.  The process-of Claim 1, wherein the particle consists essentially of aluminum oxide.
18. The process of Claim 1, wherein the particle consists of aluminum oxide.

19.  The process of Claim 1, wherein the resultant acid treated aluminum oxide is

substantially microporous.
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1 19. The systemof Caim 115, wherein the oxide aqgarhe
*particle conprises—at Teast " two different types of %&EM@TﬁﬁﬁE?

catalyst particle sygigiem of Cl ai m 115, wherein the oxide
adsor bent and/ or §H|| -‘ “I mﬂm conprises at |east three different types
of ~'oxi de adsor bent vand/ ot catal yst particles. 121. The systemof Caim

115, wherein the oxi de adsorbent and/or catalyst particle conprises a netal
oxi-de particle. 122. The systemof Caim 115, wherein the oxide adsorbent
and/ or catal yst particle conprises a non-ceram c, porous netal oxide
particl?®. 12Zhe prddess 6YSlagi 10{vhedeai it Allninii Skl s fdt@nQMistBed@s QatRIgHt and/ or
. catal yst particle conprises particles of an oxide of alum num tifanium
copper, vand¥PPBeff- silicon, nmanganese, iron, zinc, zirconium nagnesium
calcium strontium barium boron, gallium indium thallium gernmanium
“tin, lead, arsenic, antinony, or bisnuth, or zeolite, or a mxture thereof.
124.  The SyRieometdbd 6F Eldinlil WhetieRipartiche pRdl RoALSHORIh tR UMD FurdiRt al yst
particle conprises a mxture of at least two nmetal oxide particles having

t he sane nete@mpriseha senopd typesf aidsombentond/gr catadytisgpaticle ond Sutheecomprd®sa The

system of Ol gl Rl toliP i 80BN RO oL 2! S particle

22. The method of Claim 21, wherein the binder is cross-linked to at least one of the particle

types or to itself. .

o
I

The method of Claim 1, further comprising,

(i) mixing the resultant particle of Claim 1 with at least one other type of adsorbent
and/or caialyst particle, a binder comprising colloidal metal oxide or colloidal

metalloid oxide, and an acid; and

(2)  heating the mixture to a sufficient temperature for a sufficient time to cross-link
the binder to at least one type of particle or to itself.

24. . The method of Claim 23, wherein the heating step is from 25 °C to 400 °C.

25.  The method of Claim 23, wherein the heating step is from 70 °C to 150 °C.

26. A process for producing an acid enhanced adsorbent particle comprising contacting a
particle comprising a non-amorphous, non-ceramic, crystalline, porous, calcined,

aluminum oxide particle that was prodixced by calcining at a particle temperature of from

300 °C to 700 °C, with a dilute acid for a sufficient time to increase the adsorbent
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aI um num oxi de, _titap-um-di-oxXT d’”, copper oxi de, vana&Eum pent oxi de, silicon
*di oxi de, nmanganese di oxi oxi de, zinc oxide EM@E‘MEA@? SHEET
zeolite parti Co\ﬁ‘mu“gl ﬁ\m em of O aim 115, wherein the oxi
adsor bent and/ 4cle further 104 conprises a second type
of adsorbent andlor cat al yst part I cl es of al um num oxi de, titanium dioxide,
copper oxi de, vanadi um pentoxi de, silicon dioxide, manganese di oxide, iron
oxi de, zinc oxide. zeolite. activated carbon, peat, zinc or tin particle.
127. The system of C aim 115, wherein the oxide adsorbent and/or catalyst
particl e qoogeriiseasdt the paticle wigeiaulse readant srid reated slmtﬁmﬁh bkide is peir ous,

cal ci ned al gm num oxi de particle that was_ produced by cal cini ngimtt he
precur sor SUBSEAHentlygalqingsky WRELSH] 1hE ACIS,EPBacting ig "ﬁﬁ?ﬂaélaéuf faspouasaut kespf from

300 th

part |[ glr (r:)] t(Egﬁergr?@a}th%ger&?mjt&?%J.{]&n%?(??[{P Qg@dgf@m iﬁfzwfﬁlhg sygt em of
C aim 127, wherein the calcined al um num oxide particle is in the gamm,
chi -rqh70, or eta form

A process for producing an acid enhanced adsorbent particle consisting essentially of

contacting a particle comprising a non-amorphous, non-ceramic, crystalline, porous.
calcined, aluminum oxide partiéle that was produced by calcining at a particle
temperature of from 300 °C to 700 °C, with a dilute acid for a sufficient time to increase
the adsorbent properties of the particle, wherein the acid contacting is more than a surface

wash but less than an etching of the particle, wherein the concentration of the acid is less
than or equal to 0.01 N.

28. A process for producing an acid enhanced adsorbent particle consisting essentially of
| contacting a particle comprising a non-amorphous, non-ceramic, crystalline, porous,
‘calcined, aluminum oxide particle that was pfdduced by calcining at a particle
tempefature of from 300 °C to 700 °C, with a dilute acid for a sufficient time to increase
the adsorbent properties of the parficle, wherein the acid contacting is more than a surface

wash but less than an etching of the particle, wherein the concentration of the acid is from
0.1 Nto 0.25N.

29.  The method of Claim 27, wherein the particle temperature is from 400 °C to 700 °C.

30. A process for producing an acid enhanced adsorbent particle comprising contacting a
particle comprising a non-ceramic_:, porous, oxide adsorbent particle with a dilute acid for
a sufficient time to increase the adsorbent properties of the particle, wherein the acid
contacting is more than a surface wash but less than an etching of the particle, wherein

the oxide adsorbent particle is not aluminum oxide and wherein the resultant acid treated
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130. The system of Cl aim 129, wherein the calcined al um num oxide particle
was pretreated w.th -an-aetrd-activation treatnent

T t i m
115, wherein the particle conprises al um num oxi deR%PLAé%@@ﬁS%ETB
acti vat ed r‘mlmu ﬂ ystem of O aim 115, wherein the oxi de adsorbent
and/ or catg

not been acid enhanced treated. 133. The
system of C i 115, V\/nerel n the systemis not a catal yst support. 105

134. An adsorbent and/or catal yst and bi nder system conprising a binder
that has been cross- linked with at | east one type of oxide adsorbent

and/ or cat akidetadpubéritphRiclens abesubsdquenth cili@hed, wheedin tedahcentrdtiomas aad t he
particle conprises alum num oxi de, copper oxi de and manganese di oxi de.

135. An ad8eidtelmss thaaosequabia®-OEN. and bi nder system comprising a bi nder

that has been cross- linked with at |east one type of oxide adsorbent
and/or catalyst particle, wherein the

31.  The process of Claim 30, wherein the resultant acid treated oxide is microporous.

I
18]

The process of Claim 30, wherein the dilute acid strength is equivalent to an aqueous

acetic acid solution at less than or equal to 0.005 N.

[V}
[P ]

The process of Claim 30, wherein the dilute acid strength is equivalent to an aqueous

acetic acid solution at less than or equal to 0.00! N.

34.  The process of Claim 30, wherein the dilute acid strength is equivalent to an aqueous
acetic acid solution of from 0.0005 to 0.01 N.

35.  The process of Claim 30, wherein the dilute acid strength is equivalent to an aqueous
acetic acid solution of from 0.001 to 0.01 N.

36.  The process of Claim 30, wherein the dilute acid sﬁ‘ength is equivalent to an aqueous
acetic acid solution of from 0.005 to 0.01 N.

37.  The process of Claim 30, wherein the oxide prior to or after acid treatment is not sintered.

38.  The process of Claim 30, wherein the oxide adsorbent particle is silicon dioxide,

manganese oXide, copper oxide, vanadium pentoxide, zirconium oxide, iron oxide, or
titanium dioxide.

39.  The process of Claim 30, wherein the adsorbent particle is zeolite.
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bi nder is coll oi dal- atumiha and t he particle conprises al um num oxi de and
car bon. 136.77An adsor(b\ig\;“ r catal yst and bi nder system conprising a.

binder < WWiced vach ot T east ety BN SHERT, v o

adsor bent and/-

and the partrc e cbrrprl ses copper oxide and manganese di oxide. .137. An
adsorbent and/or catal yst and binder system conprising a binder that has
been cross- linked with at | east one type of oxide adsorbent and/or

catal yst particle, wherein the binder is colloidal. alumna and the particle
conpr #8es dhamathod abGldim 3Q.oppeein the mﬁclﬂmnigatwamzdttngmm thenacid afiuhher. 138.
An adsorbent and/ or cat al yst d, bind system co ris a bi nder that has
been crossSOMPHRSE SRFYTH Bype P%?ig?beWél éatﬁty%)??“a cﬁ“‘g’éﬁ{t‘:"m&i‘ﬁ%ﬁa

catalyst paddeflém n?OXI%Edlfbtéd“?ne?dl%QH o Solfy htr%&&tto.&bgtdga and the particle

conprises alumnu er oxr anese di oxide. 139. An
adsor bent and/or cat al yst and bi nder system conprising a binder that has
been cross-_linked with at |east one type of oxide adsorbent and/or

catal ydt paheinestaod gHeloim A0; weerginbrbinfler it eroswlinkad tarbiersiong Réthermattisle ticl e
conpri ses %ﬁ@o@mt%tde gal I i um oxi de and 106

42.  The method of Claim 30, further comprising,

(1) mixing the resultant particle of Claim 1 with at least one other type of adsorbent
and/or catalyst particle, a binder comprising colloidal metal oxide or colloidal

metalloid oxide, and an acid; and

(2)  heating the mixture to a sufficient temperature for a sufficient time to cross-link
the binder to at least one type of particle or to itself.

43. A process for producing an acid enhanced adsorbent particle comprising contacting a
| particle comprising a non-ceramic, porous, oxide adsorbent particle with a dilute acid for
a sufficient tlme to increase the adsorbent properties of the partlcle, wherein the acid
contacting is more than a surface wash but less than an etching of the particle, wherein
the oxide adsorbent particle is not aluminum oxide and wherein the resultant acid treated

oxide adsorbent particle is not subsequently calcined, wherein the concentration of the
acid is from 0.1 N to 0.25 N.

44.  The particle made by the process of Claim 1.

45.  The particle made by the process of Claim 5.  |REPLACEMENT SHEET
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¥ _
REPLACEMENT SHEET copper oxide. 140. The systemof C aim 139, wherein the
g¢ol | oidal alummna is -from-1-t6-97% by wei ght, the alum numoxide is fromis

froml to 97% by wei ght, the i;lu*/iumoxide is froml to 97% by wei ght, and
|

the copper oxi deulmnnmr“ m 6 by wei ght. 141. The system of C ai m 139,
wher ei n t he col T:QRoE IHBY from5 to 40% by wei ght, the al um num

oxide is fromis from4o to 97% by weight, the galliumoxide is froml to
10% by wei ght, and the copper oxide is from!|l to 10% by wei ght. 142. An
adsor bent and/or catal yst and bi-nder system conprising a binder that has
been46r 0sThe bamikkonade by the pteeastof@isint Yhe of oxi de adsor bent and/ or

catal yst particle, wherein the binder is colloidal alumna and the particle
conpri ses al um num oxi de, and a mi xed oxi de conpri si ng manganese di oxi de,

al umgaum gxi ?IW ' Jhe system of Claim 142, wherein the
col | 3?dal q*gkg%nﬁgbdtpgg ro{tﬁe%ﬁcggﬁ%fg(/j\%/n i’/\éej'i ght, the alum numoxide is fromis
froml to 98% by weight, and the m xed oxide is from1l to :

48.  The particle made by the process of Claim 38.
49.  The particle made by the process of Claim 43.

50.  The particle of Claim 44 or 46, wherein said particle passes the EPA TCLP test for a
particular contaminant. |

. 51.  The particle of Claim 50, wherein said-contaminant is lead. |
52. A process for reducing or eliminating the amount of contaminénts in a liquid or gas
stream comprising contacting the particle of Claim 44 or 46 with the liquid or gas stream
for a sufficient time to reduce the amount of or eliminate the _c___t;ntamination from the
liquid or gas stream.
53.  The process of Claim 52, wherein the stream is liquid.
54.  The process of Claim 52, wherein the stream is gas.

55. The proceSs of Claim 52, wherein the contaminant is lead, phbsphate, selenium, or zinc.

56.  The process of claim 52, wherein the contaminant comprises an anion, an oxoanion, a

cation, or a poly-oxoanion.

[REPLACEMENT SHEET
% 02 DEC 1999




"? .

98% by weight. 144. The system of C aim 142, wherein the coll oi dal ﬁ%&a‘_
i's from10 to 40% by weight, the-alurminum oxide is fRErPl_j\@ FAEN T t5
by wei ght, and the mi-xed 6xi de |m§ 20 to 70% by werght. 145. An

adsor bent and/or cat al w; stem conprising a binder that has
been cross- |inked w tm type of oxide adsorbent and/or

catal yst particle, V\/nerel e t e binder is colloidal alumina and the particle
conpri ses al um num oxi de and copper oxide. 107 146. The system of Caim
145, wherein the colloidal alumna is from1l to 98% by weight, the al um num

oxi dé7i s fPrmmptmtimmmiprtsmgQB%lhmlm gkide panﬁlet:h@deolgpmeprmssdﬂf Glainf rom1 to
98% by wei 9 . 147. The system of Caim 145, wherein the colloidal alum na
is from 16T ed 40% by weight, the alumi numoxide is fromis from30 to 70%
by wei ght, and the copper oxide is from1l to 20% by wei ght.

58.  The composition of Claim 57, further comprising a second oxide adsorbent particle. *

59.  The composition of Claim 58, further comprising a cross-linked colloidal aluminum
oxide binder.

60.  The composition of Claim 57, further comprising silicon dioxide, manganese oxide.

copper oxide, vanadium pentoxide, zirconium oxide, iron oxide or titanium dioxide.

61.  The composition of Claim 57, further comprising a zeolite.

62.  The composition of Claim 57, further comprising copper oxide and manganese oxide,

wherein said copper oxide and said manganese oxide have not been acid-enhanced.
63.  The composition of Claim 62, wherein t_hg compoéition comprises 50-98 parts by weight
of said acid enhanced aluminum oxide, 1-49 parts by weight of said copper oxide, and 1-
49 parts by weight of said manganese oxide.

" 64. The composifion of Claim 63, wherein said copper oxide is CuO and said manganese
oxide is MnO,. |

65.  The composition of Claim 62, wherem said composition passes the EPA TCLP test for

trichloroethylene.

66.  The composition of Claim 57, further comprising a noble metal.
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148 An adsorbent and/or catalyst and binder system conprising a binder
tthat has been cross-Jl-inked —wth at”r east one type of oxide adsorbent

and/or catalyst parti cm‘km bl nder is colloidal alumna and the
particle conprises al (ti! per oxi de and W .
The systemof Caim1 he*col | oi dal al umﬁ i '’ wg%ﬁ}%};

wei ght, the alum num oxide is fromls from1l to 97% by weight, and the
copper oxide is from1l to 97% by weight, and the zirconiumoxide is from1
to 97% by weight. 150. The system of O aim 148, wherein the coll oidal

al um 6& i sThe compgsitian Af0kniny SThefugher, cotripeisim urdanlyst paticle. i s fromis from 30
to 70% by wei ght, and the copper oxide is from 10 to 20% by wei ght, and the
zirconiumoxide is from1l to 20% by wei ght. 151. An adsor bent and/ or

cat al gg;t afde Qbrﬂgggm&yglt lﬁggpﬁlgg‘é@gg’n@@q’g/ r{@ Peen cross- linked

with at |east one type o oxi de particle, wherein
the binder is colloidal alumna and the particle corrprl ses al um num oxi de
and si éver nitrate. 152. The system of Cl aim 151, wherein the coll oi dal

al umi A% i s 4 ProRess feredunipggr elisigating the amapniafian ereseickontaminansin adiqeidon | t o

98% by wei %t.ig stre%ﬂfjcénﬂﬁjs?ﬂé é’o%(acﬂhé E@tc%rdp%sxtxoﬁ) A tl iR 650»§’1th the liquid or gas

stream for a sufficient time to reduce the amount of or eliminate the organic contaminant

from the liquid or gas stream.

70.  The process of Claim 69, wherein the drganic contaminant is a chlorinated organic.
71.  The process of Claim 69, wherein the organic contaminant is trichloroethylene.

72.  The process of Claim 69, wherein said reduction or elimination is by a catalytic
degradation process. |

73. A composition comprising (1) a particle made by the process comprising contacting a.
particle comprising a non-amorphoq's,iflon-ceramic, crystalline, porous, calcined,
aluminum oxide particle that was produced by calcining at a particle temperature of from
300 °_C to 700 °C, with a dilute acid for a sufficient time to increase the adsorbent
properties of the aluminum oxide péfticle and (2) copper oxide and (3) manganese oxide,
wherein said copper oxide and said ';;iiapganese oxide have not been acid enhanced,

wherein the concentration of the acid is less than or equal to 0.01 N.

74.  The composition of Claim 73, wherein the particle temperaﬁne is from 400 °C to 700 °C.

75. A composition comprising (1) a partlcle made by the process comprising contz;cting a
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98% by wei ght. 153. The system of Caim 151, wherein the colloidal alum na
I's from10 to 40% by weight, the alumnumoxide is fromis from30 to 70%

adsor bent " and) or hgaﬁlﬁéﬂﬁi”ﬁjﬁﬁl yst em conRLACEMENTSHEET .
(L]

been cross- |inked type of oxide adsorbent and/or

catal yst particle, whereantt snder is colloidal alumna and the particle
conpri ses al um num oxi de, magnesi um oxi de, nanganese di oxi de and copper

oxi de. 155. The system of Claim 154, wherein the colloidal alumna is
from1 to 96% by VRSTHE COMPESIAG &APTAMCEBIOHE NPB-CETaBNS. icaystallinn, potoys.Sarinsy.

wei ght, the nagnesj | ' . . o L ght he nanganese
dioxide is from 1%'[1%% %d%/\g?%ﬁllt%%&aﬁdglp Ecgid%g%%?al%%ngé&?garflffg%q‘p?rgtu%%fmm
by wei ght. 156. TH300s¥GteeTOTC,Ghiet andilitd acidhier £iulifidibg timed dodhétodse Ahd dlsBbehtS

from10 to 40% by weight, the alumnumoxide is fromis from30 to 70% by
wei ght, the nagnesRTaRsTHSS efthe slumingm pxids pauiddannd (@) eppper exide and(ghmapganese oxide,

di O?(i de is from1l &/Rer%&%aWco\%jﬂ%}gide é”}\'adsaf r%ar?g%&%% rdx_P eih%\e/e not been acid enhanced.

wherein the concentration of the acid is from 0.1 N to 0.25 N.

76.  An adsorbent and/or catalyst and binder composition comprising the particle made by- the
process of Claim | or 26 and further comprising a second type of adsorbent and/or

catalyst particle and a binder comprising colloidal metal oxide or colloidal metalloid

oxide.

77.  The composition of Claim 76, wherein the binder is cross-linked to at least one of the

particle types or to itself.

78.  Anadsorbent and/or catalyst and binder composition comprising the particle mﬁe by the
- process of Claim 30 or 43 and further comprising a second type of adsorbent and/or

catalyst particle and a binder comprising colloidal metal oxide or colloidal metalloid
oxide. |

79. The composiﬁon of Claim 78, wherein the binder is cross-linked to at least one of the

particle types or to itself.

80. A method of encapsulating a contaminant within an adsorbent particle comprising heating
the particle of Claim 44 or 46 that has adsorbed a contaminant to a temperature sufficient

to close the pores of the particle to thereby encaf_:_jsulate the contaminant within the
particle. - '
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S from 1 to 20% by WEI_g_ht 157. _An adsorbent and/or catal yst and bi nder

system conprising a binder that has been cross- | e
type of oxide adso lyst parti cl eRmr%ﬁEM@\{)Tﬁs{EEg

col l oi dal al unina: ulﬁmmnmullﬂm conprises al um num oxi de, copper oxide,
and a m xed oxi de cdénpfistnd cdppér oxide, manganese dioxide, and lithium
hydr oxi de. 158. The system of C aim 157, wherein the colloidal alumna is
from1l to 97% by wei ght, the 109 alum numoxide is fromis froml to 97%

by weight. the copper oxide is froml to 97% by weight, and the m xed oxide
is fgom lAtmetE&!l/ctd?)teMl:@hhﬁ (t)likt5.>9steﬂihﬂ Clied £ode @a%@aaﬂbed/@%rﬁégﬂmaﬂﬁ
0 e

colloidal alumna is from 40% by wei ght, the al um num oxi I's from
is from SGJW‘B“SFMWSIHM @ﬂdlZI%MId@dptpmror@nnmaanssaid systein wch 2004 keygemei ght |

and the is froml ta.20% 160. An adsor bent and/or
cat al yst rrwggg% nﬁ%‘éﬁm%wgﬁ‘ﬁ TYRpPAs PI%) éh‘B? r?o‘gr‘erg?fﬁto‘ AJuxWERthersobd2) an § nked
}[Mht h at | géldlor 8AR tb xmsequmgwﬂg @9era beris R Yassat al yst par ticle, wherein
e
82. A method for regenerating the system of Claim 47 or 49 that has adsorbed a contaminant,
comprising thermally oxidizing said system or contacting said system with (1) a reagent
wash comprising aqueous ammonia, a phosphine, a detergent or a mixture thereof: (2) an

acid or base to cause a pH swing; (3) or a Lewis acid or base.

83. A method of encapsulating a contaminant within an adsorbent particle comprising heating
the particle of Claim 47 or 49 that has adsorbed a contaminant to a temperature sufficient

to close the pores of the particle to thereby encapsulate the contaminant thhm the
particle.

84.  The method of Claim 83, wherein the temperature is from 450 °C to l2,000 °C.

85. A method for producing an adsorbent and/or catalyst and binder system comprising
)] mixing components compnsmg
(3  abinder comprising a colloidal metal oxide 6r colloidal metalloid oxide,
b) an oxide adsorbent a_pd/or catalyst particle, and
(c) - anacid,
(i)  removing a sufficient amount of water from the mixture to cross-link the binder

with itself and/or component b to form an adsorbent and/or catalyst and binder
system,

with the proviso that the binder is not colloidal aluminum oxide or colloidal si'licon
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bi nder is colloidal alumina and the particle conpri SEE? unnum oxi de and
copper oxide. 161. An adsorbent—and/or catal yst and by M@@VENT SHEET
0

conprising a binder that hagy: - “‘\I nked with at |east one type
ﬁ\g\mm wherein the binder is colloidal
wl km fum oxi de and silver oxide. 162. An

oxi de adsorbent and/or caL_u
alumna and the particle ¢#

adsor bent and/or catal yst and bi nder system conprising a binder that has
been cross- linked with at | east one type of oxide adsorbent and/or

catal yst particle, wherein the catal yst and bi nder system conpri ses

col | oi dal dioidena, al.um num oxi de, and one or nore of the oxide particles
of Verr](err], WJerr], WJerr], Tierr], Re[err]Jerr], As[err]Jerr],
As[err]Jerr], G(err], Sb[err]derr] or mxtures thereof. 163. An

adsor hent / st ,and, bi nder system conprising a binder, that has
been -gg'oss?ﬂgflﬁﬁ@gaévﬁl m};@?’I \gg%rfmgﬁ%re[r%gw | er%gﬁfé“ga‘ﬁg’éfr‘ﬁ&gta fegeent.
catal yst particle, wherein the catal yst and bi nder system conpri ses

col | oi_ dal al um na, al um num oxi de, and one or nore of the oxide particles

of V[ 87r] OThemethodatlain 83, Whetfie the remblidg iShyhenting, | ant hani de oxi des or

m xtures thereof. 110

88.  The method of Claim 85, wherein the binder comprises a colloidal metal oxide wherein

the metal is iron.

89.  The method of Claim 85, wherein the binder is from 1% to 99.9% by weight of the
mixture. '

9Q. The method of Claim 85, wherein the binder is from 10% to 35% by weight of the
mixture.

91.  The method of Claim 85, wherein component b comprises at least two different types of
oxide adsorbent and/or catalyst particles.

92. The method_qf_ Claim 85, wherein component b comprises at least three different types of
oxide adsorbent and/or catalyst particles.

93.  The method.of Claim 85, wherein component b comprises a metal oxide particle.

94.  The method of Claim 85, wherein component b comprises a non-ceramic, porous metal

oxide particle.

The method of Claim 85, wherein component b comprises a particle of an oxide of
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164. An adsorbent and/or catalyst and binder system conprising a binder

3 ) . _ . . T
that has peen oross. e NAMNLIN,  20s o xsspBReRPEHEET,

col I'oi dal al um na, al um num bxide," afld 6ne or' nore 'of the oxi de particles
of CuQ, ZnO Agl[err] O AgO CdO Sngerr], PbO Vierr]derr], Zrgerr],

MO, Thd err], | anthanide oxides, or m xtures thereof. 165. An adsorbent
and/ or catal yst and binder system conprising a binder that has been cross-
linked with at | east one type of oxide adsorbent and/or catal yst particle,

wher ei n t henlomirainy.sitardel, dppeke vardidaing HIROADMh SRR rbRi AR, zRbdhiiMAa
al um num oxi de, and one or nore of the oxide particles of MO,

Fe[ er r] O er PREMSERIM Clckyma sprpativy kariuroperan gallieraf isdivn. tediymGejreaniual.err] ,
RuQ, Ni O orgm ‘ eof 166, An sor bent and/ or. catal yst and

bi nder systtéﬁmnlé(%dtjﬁ%%?ré‘fg‘n%gﬁlglowho g#sr?‘htgtor %@H%gre%m&’ftﬁr§§-e¢?fnked with at |east
one type of oxide adsorbent and/or catalyst particle, wherein the catalyst
and bi nder s%gs(t em conpri ses colloidal alumna, alum num oxide, and one or

mor e 0%6-t heTesmgthogaf Glaime’S, whereé] compadket b tomprides a mjicfues of|at l@sQwo metal
bi nder | syot SHEE BaE S e MEHEE medl it sl siroBen FIdRUIRIRCS | cast
one type of oxide adsorbent and/or catalyst particle, wherein the
97.  The method of Claim 85, wherein component b comprises aluminum oxide, titanium
dioxide, copper oxide, vanadium pentoxide, silicon dioxide, manganese dioxide, iron |

oxide, zinc oxide, zirconium oxide or zeolite particle.

98.  The method of Claim 85, wherein component b further comprises a second type of
adsorbent and/or catalyst particle of aluminum oxide, titanium dioxide, copper oxide,
vanadium pentoxide, silicon dioxide, manganese dioxide, iron oxide, zinc oxide, zeolite,

‘ activated_carbon, peat, zinc or tin particle.

99.  The method of Claim 85, wherein component b cofnprises a non-amorphous, non-
ceramic, crystalline, porous, calcined aluminum oxide particle that was produced by

calcining the precursor to the calcined aluminum oxide at a particlé temperature of from
300 °C to 700 °C.

100. The method of Claim 99, wherein the calcined aluminum dx_ide particle is in the gamma,

chi-rho, or eta form.

101, The method of Claim 100, wherein the calcined aluminum oxide particle was pretreated

with an acid activation treatment.
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catal yst and bi nder system conprises colloidal alumna, alum num oxide, and

one or nore of the particles of zeol+te, MJO Th 0, 1.xJ.yres. thereof.
168. An adsorbent and/ or catal yst and bi nder sy%gﬁ;&éé&dm?a@b{ﬁﬁ

that has been cross-—tinke east one type of oxide adsorbent
and/or catalyst partj W cat al yst -and bi nder system conpri ses
col | oi dal al um na, a deé, and one or nore of the oxide particles
of MgO ThJ err] or «xtl&res t her eof . 169. An adsorbent and/or catal yst
and bi nder system conprising a binder that has been cross- linked with at

| east 10he {Thpenatiodod Cleinn8S.ortieein thendideommises ysaliphati¢ dcirgl canbetydicacidhe

bi nder is colloidal alumna, and the particle conprises al um num oxi de,

m xed oxi des of manganese, copper oxide, and carbon. 170. The system of

d ai r ' A ..and/ or
 catalydt angtnea GECRIRES Ghcrkih e Viih R et i, bR RIRRY ek o
- with at | easid, oitde hoipefany acids, @t&txadsxdrﬂneietc alﬁikmlorﬁtaiéidi mh@acnﬂ,l salieylionher ei n
- the particle, corrprlses Al [err]Jerr] derr], CQuO Cuy[err

V[ err] q er rFid, sfeafieacid, sugginicaridy tartgm gqlqi]m@pm}: ac\%[’@?ﬁ“] ﬁ“%rhe]‘an%ﬁld

heptanoic acid, caprylic acid, pelargonic acid, capric acid, undecanoic acid, lauric acid,

trideconoic acid, myristic acid. pentadecanoic acid, palmitic acid, heptadecanoic acid,
nonadecanoic acid, arachidic acid, heneicosanoic acid, behenic acid,_ triosanoic acid,
lignoceric acid, pentacosanoic acid. cerotic acid. heptasanoic acid, montanic acid,
nenacosanoic acid, melissic acid , phthalic acid, glutaric acid, adipic acid, azelaic acid,

sebacic acid, cinnamic acid, acrylic acid, crotonic acid, linoleic acid or a mixture thereof.

104.  The method of Claim 85, wherein the acid comprises nitric acid, sulfuric acid,

hydrochloric acid, boric acid, acetic acid, formic acid, phosphoric acid or mixtures
-thereof,

105. The method of Claim 85, wherein thgacid is acetic acid or n_itﬁc acid.

106. The method of Claim 85, wherein thet concentration of the abid is from 0.15 N to 8.5 N.
107. The method of Claim 85, wherein the removal is from 25 c 10400 °C.

108. The methoc; of Claim 87, wh:eré.in tk%_e _heating is from 70 °jC to 150 °C.

109. The method of Claim 85, wherein durfng or after step (i), t_he mixture of step (i) is not

heated above the cross-linking témp_je'_r;'_a'ture of the colloida__l'_metal oxide or colloidal
metalloid oxide. o |
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WJerr], WYerr], Re[err](err], As[err](Jerr], As[err](Jerr], MO ThQ
Aglerr]O AgO CdO sSngerr], PbO—Fe0 Fel[err](e E r r
Ru[err]Jerr], RuO, GJerri;.Sh err], CoQ BLA%E&AE%TI‘éBEET
zeolite. 172. The sy m“\h !ﬁggﬁ‘%ﬁ ., Wherein the particle further
conprises a second tyzu ' N1t *and/ or catal yst particles of an oxide
of alum num titani um *topper, vanadium silicon, manganese, iron, zinc,

zi rconium tungsten, rhenium arsenic, magnesium ‘thorium silver, cadm um
tin, lead, antinony, ruthenium osmum cobalt or nickel or zeolite,

act ilVet edheamdsbod off Glalnu 85 nyharaialdusing ocafterstep (Datheamixtupeaf stefinis ot ti n.
173. An adsorbent .and/or ¢at.al yst and bi.nder system conpri si .a bi nder

t hat has%@%ﬁ?%?b%bé’-ve Fl}erﬂi‘g;bmw qmpgfgtyrggé{t}\eoqpélot@i)@e@fog FBéc‘gg%%’rlbent
and/ or cahahisili oRffel i Cl €, Wherein the binder is colloidal alumna and the

particle conprises alum num oxi de, zinc oxide and copper oxide. 174. An
adsor bent and/or catal yst and bi nder system conprising a binder that has

been cross- lipnked.with at | east, one type of oxide adsorhent and/or
cat alll)c;st S@&r‘f‘?@f’g,"fmfé?@%nw ‘Ffé‘“b:‘“ﬁ‘&gro‘%{ eIHR @»éfkﬂmﬁ‘lt‘ﬁﬁf’géfe&ﬁ‘éﬂsﬂ% particle
conpri sesldth BHIBRAHEAIng WMSratlie Gthe farfcle.

112.  The method of Claim 85, wherein during or after step (i), the mikture of step (i) is not
heated above 400 °C.

[13. The adsorbent and/or catalyst and binder system made by the process of Claim 85.
114.  An adsorbent and/or catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the

‘binder is not colloidal aluminum oxide or colloidal silicon dioxide.

115.  The system of Claim 114, wherein the binder comprises a colioidal metal oxide or
colloidal metalloid oxide.

116. The system of Claim 114, wherein the binder comprises a colloidal iron oxide.

117.  The system of Claim 115, wherein the binder is from 1% to 99.9% by weight of the
mixture.

118. The system of Claim 115, wherein the binder is from 10% to 35% by weight of the
mixXture. L
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175. A method for reducing or elimnating the anount of a contam nant

a liquid or gas stream conprising tontaeting the syst em oﬁ&é@w%ﬂ
the contam nant in the st,ﬂﬂ ficient t| nat e
t he anount of contam nant mrm' Iﬁ@ﬁa’ 176. A rret hod for reducing or
elimnating the amount of & conttams om a liquid or gas stream

conprising contacting the systemof Claim 115 with the contam nant in the
streamfor a sufficient tinme to reduce or elimnate the anmbunt of
contam nant fromthe stream 177. The nethod of Claim 176, wherein the

streamifs dhkeisfstest-of Tl@m 1156 wielelP@le @kideladidibenl Gnd/Wh @ity phARISdIni Ees
conprises water. 179. The nethod of Claim 176, wherein the streamis a gas.

180.  The atrinapidwostifferent trpesad oxideadsarhent and/er sasaliistporisidsses .ai r or natural
gas. 181. The nethod of C aim 176, wherein the contam nant fromthe |iquid
or gas streamis reduced or elimnated by a catalytic reaction. 182. The

met hod 20f Ot systkbof QbR €19 wHafeis el TdeABdrbért QRoR athlly Stpattiché ccﬁﬂ§r1§=§ ream
is reduced or elimnated by an adsorption reaction. 183. The nethod of
Clai m 176, aweastihreerdifiersatiypesiaianideiadsarbent and/or eavatpstipatticlesnzene, car bon

nonoxi de, chlorine, hydrogen sulfide, trichloroethylene, 1,4-dioxane,
et hanol , :

121, The system of Claim 115, wherein the oxide adsorbent arid/or catalyst particle comprises

a metal oxide particle.

The system of Claim 115, wherein the oxide adsorbent and/or catalyst particle comprises

a non-ceramic, porous metal oxide particle.

123. The system of Claim 115, wherein the oxide adsorbent and/or catalyst particle comprises
particles of an oxide of aluminum, titanium, copper, vanadium, silicon, manganese, iron,
'zing, zirconium, magnesium, calcium, strontium, barium, _boron, gallium, indium,
thalliuin, germanium, tin, lead, arsenic, antimony, or bismuth, or zeolite, or a mixture
thereof,

124.  The system of Claim 115, wherein the oxide adsorbent andlqr catalyst particle comprises -
a mixture of at least two metal oxide particles having the same metal with varying

stoichiometry and oxidation states.
125. The system of Claim 115, wherein the oxide adsorbent and/or catalyst particle comprises
aluminum oxide, titanium dioxide, copper oxide, vanadium pentoxide, silicon dioxide,

manganese dioxide, iron oxide, zinc oxide, zirconium oxide or zeolite particle.

126.  The system of Claim 115, wherein. the oxide adsorbent and/or catalyst particle ﬁ.lrthér
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ethylene, f ormal dehyde, hydrogen cyanide, hydrogen sul fide, nethanol,

met hyl ethyl ketone, nethylene chloride, nit rogen@mﬂaﬁwwgi !EET

styrene, sulfur dioxi de—t-ol vepe—~vt ﬂyf— ch1 oride, arsenic, cadm um

chlorine, 1,2- dibronoch | ead, phosphate radon.

-sel enium or uranium 15“‘“%1&% CI aim 176, wherein the

contam nant i s hydrogen . et hod of claim 176, wherein the
cont am nant conprises an ani on, an oxoanion, a cation, or a poly-oxoanion.
186. A nethod for catal yzing the deconposition of an organi c conpound
conprising contacting the organic conpound with the systemof Caim114 for

a sufficient time to catalyze the degradation of the organic conpound. 187.
The nethod of Claim 186, wherein the catalytic reaction is at room

ak d
TR Sy SR B o R R Syl UGB o 1

189. e net ho erein the

or gani ¢ comipmiu dicxide, cofpeooxide.yhadiem pkfdxidedsitiedhdidxide marerhneserdjoiide,

elimnating a ccptam nant frqoma gas stream b%/ catal ysi s
rron oxide, zinc oxide. zeolite, activated carbon. peat. zinc or tm particle:

127.  The system of Claim 113, wherein the oxide adsorbent and/or catalyst particle comprises
a non-amorphous. non-ceramic. crystalline, porous, calcined aluminum oxide particle that

was produced by calcining the precursor to the calcined aluminum oxide at a particle
temperature of from 300 °C to 700 °C.

128.  The system of Claim 127, wherein the particle temperature is from 400 °C to 700 °C.

129. The system of Claim 127, wherein the calcined aluminum oxide particle is in the gamma,

-chi-rho, or eta form.

130.  The system of Claim 129, wherein the calcined aluminum oxide particle was pretreated
with an acid activation treatment. '

131. The system of Claim 115, wherein the particle comprises alﬁminum oxide, silicon

dioxide and activated carbon.

132. The system of Claim 115, wherein the oxide adsorbent and/or catalyst particle has not
been acid enhanced treated.

133. The system of Claim 115, whertein the system is nota catalyst support.
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corfpri sing contacting the systemof Caim1l1l5 with a gas stream conég{é'ggg
a contam nant conpfri-stag-an--ext-de-of---pi trogen, an O@ﬂ@?mm-r
nonoxi de, hydrogen res thereof for S YCi e

i de . ] [ nt tine to
reduce or elim nat em . ﬁ&'ﬂm'mgﬂarmunt. 191. The method of O aim 190,
wherein the catal yti p roomtenperature. 192. A et hod for

adsorbing an ion froma liquid or gas stream conprising contacting an
adsor bent and/or catal yst and bi nder system conprising a binder that has
been cross- 114 linked with at | east one type of oxide adsorbent and/or

cat ajMst Arpddsbfet Md/dt catalysblatidobiRder dpsterd icbRPRLInG AlbAtdet Nt hddebebRBrosd-93. The
nmet hod of Claim 192, wherein the ion conprisSes an anion, a cation, an

oxo- ani orinkgd pithyat énastaone dypeaaf oxideiadsarbentahdfoe oftaly starticle, whetedal thicor
regener ati.ng _an sprbent and/por catal yst .and, bi nder system conprisi,ng a
bi nder ¢ ity SRR AR RE pR B b BorPE A BHE i cSrPE ARHE: oo bent
and/ or cahalgahése dioxide. _ ‘

135. An adsorbent and/or catalyst and binder system éomprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the

binder is colloidal alumina and the particle comprises aluminum oxide and carbon.

136. An adsorbent and/or catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the

binder is colloidal alumina and the particle comprises copper oxide and manganese
dioxide.

137. An adsorbent and/or catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the
binder is colloidal alumina and the particle comprises aluminum oxide, copper oxide,
manganese dioxide and carbon. |

138. An adsorbent and/or catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the

binder is colloidal silica and the particle comprises aluminum oxide, copper oxide and
manganese dioxide. '

139. An adsorbent and/or catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the

binder is colloidal alumina and the particlef_comprises aluminum oxide, gallium oxide and
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aqueous amoni a, a Sﬁéﬁ“gﬁl'\duﬁ il wni or & m S EAGE Dby (SHEE B o

part icle that has adsorbed_a _contam-nant-, conprising thermally oxidizing

or base to cause a pH ew s acid or base. 195. A nethod for
produci ng an adsorbent &and/ or catal yst and binder system conprising (i)

‘m Xi ng conponents conpri.sing (a) a bi nder conprising a colloidal netal

oxi de or colloidal netalloid oxide, (b) a first adsorbent and/or catalyst
particle that does not cross-1link with the bi nder, and (c) an acid, (ii)
renovi ng ¢PPAFPYids.ent -ampunt of water fromthe mxture to cross-link

conponent a to itself, thereby entrappi ng and hol di ng conponent b within
the cross-1|inked bi nder to form an adsorbent and/or catal yst and bi nder

syst g@p. 19Re sysien BECHRE 105, \%&blﬂ‘tﬂ@éolldmﬁﬁlhﬂnﬁ lg%rﬁrma g, tysweighfIgRt i ng or
by using a drying agent. 197. The net hod Claim 196, wheréin the renovi ng
i s by heaglungnum d8ide is from is from 1 to 97% by wexght the gallium oxide is from 1 to 97%

by weight, and the copper oxide is from 1 to 97% by weight.

141. The system of Claim 139, wherein the colloidal alumina is from 5 to 40% by weight, the
aluminum oxide is from is from 40 to 97% by weight, the gallium oxide is from | to 10%

by weight, and the copper oxide is from 1 to 10% by weight.

142. An adsorbent and/or catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the
binder is colloidal alumina and the particle comprises aluminum oxide, and a mixed

oxide comprising manganese dioxide, aluminum oxide and copper oxide.

143. The system of Claim 142, wherein the colloidal alumina is from 1 to 98% by weight, the

aluminum oxide is from is from 1 to 98% by weight, and the mixed oxide is from 1 to
98% by weight.

144. The system of Claim 142, wherein the colloidal alumina is ﬁ'om 10 to 40% by weight, the

aluminum oxide is from is from 10 to 40% by weight, and the mixed oxide is from 20 to
70% by weight.

145. An adsorbent and/or catalyst and binder system comprising a binder that has been cross-
' linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the

binder is colloidal alumina and the particle comprises aluminum oxide and copper oxide.
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198. The net hod of | further conprising a second adsorbent and/or
catal yst particle thglmﬁﬂl ’”Mﬁ” th the binder, thereby cross- Héé,fn
the binder and the s d t hereby erw;p%}xgm&mms he
first particle within the cross-finked binder and In -t he
cross-linked binder and second particle. 199. The nethod of C aim 196,
wherei n conponent b conprises an activated carbon particle. 200. The

met hod of C aim 196, wherein conponent b does not contain an oxide
particle. 201. The nethod of C aim 196, wherein the binder conprises

col | oi dab. alhersyséem obCl:mnddI-‘) whireiaahe ailobdatraitrifieistiived €6 98982 weidhktethget hod

of daim 19 wher ei n, nder is colloidal alum na. 203. A conposition
for bindi ng? HEB‘I“B@M eé?lHPB‘r‘S &amal et 98¢o Bth&bF Sadthe qopperxédedn feagy | dmrer at ed
particle co \,Og éla) a colloidal netal oxide or colloidal netalloid
oxide and (b ¢Pd; wherein the binder is not colloi dal al um num oxi de

or colloidal si I | con di oxi de. 204 . The conposition of C aim 203, wherein
the acid is_acetic acid or_nitric acid. 205. The conposition of C aim 203,
wher ei H4me TAE SYptera Oﬁpthrlmcl‘&cwberem the colloidal alumina is from 10 to 40% by weight, the -

aluminum oxide is from is from 30 to 70% by weight, and the copper oxide is from 1 to
20% by weight.

148. An adsorbent and/or catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the

binder is colloidal alumina and the particle comprises aluminum oxide, copper oxide and

zirconium oxide.

149. The system of Claim 148 wherein the colloidal alumina is from 1 to 97% by weight, the
‘aluminum oxide is from is from 1 to 97% by weight, and the copper oxide is from 1 to

97% by weight, and the zirconium oxide is from 1 to 97% by weight.

£50. The system of Claim 148, wherein the colloidal alumina is from 10 to 40% by weight, the
aluminum oxide is from is from 30 to 70% by weight, and the copper oxide is from 10 to

20% by weight, and the zirconium oxide is from 1 to 20% by weight.

151. An adsorbent and/or catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxid§ adsorbent and/or catalyst particle, wherein the

binder is colloidal alumina and the particle comprises aluminum oxide and silver nitrate.

152. The system of Claim 151, wherein the colloidal alﬁmina is from 1 to 98% by weight, the

aluminum oxide is from is from 1 to 98% by weight, and the silver nitrate is fr'om 1to
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206. A kit for-binding—adsSorbent and/or catalytic particles to produce an

I ted t | | oi dal
ﬁg?aﬂ*ﬁfa ' é‘” '@Um(igﬁrgilﬁg wher oi n the. bi nder RERBAGENIENIL SHEET
al

al um num silicon dioxide. 116  207. The adsor bent
and/ or b| nler® system made by the process of C aim 19§ +he
and/ or binder system nmade by the process of Caim- 195%@3@(3?&5‘1@ ﬁﬁgj
encapsul ating a contami nant within an adsorbent partifclle ConprTsimg~hepti ng
an adsorbent and/or catalyst and binder system conprjsi n@gnby\nﬁ?g th

been cross3g% bpkedsiM th at | east one type of oxide aglsprbent and/or
catal yst particle, that has adsorbed a contam nant tp
sufficient to close the pores of the systemto t herepy encapsul ate th

t . . 210 T . th d f CI 1€ €1 ||"Th
Cenpersttar thd YRl af i HSkpherdip e i iREA eSS o A0 Ied oY MERENROBE yi ng
the physi Cﬁhmﬂf@@@ﬁw 1§3froﬁrls P:Qﬁﬁo%"rbvmd(v? h? aha (e MIREmSYRE €M

conprising a binder that has been cross- I|n Pﬁ%lvq}gast one type of
oxi de 20% by weight.

154. An adsorbent and/or catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst 'particle, wherein the
binder is colloidal alumina and the particle comprises aluminum oxide, magnesium

oxide, manganese dioxide and copper oxide.

155. The system of Claim154 , wherein the colloidal alumina is from 1 to 96% by weight, the
aluminum oxide is from is from 1 to 96% by weight, the magnesium oxide is from 1 to

96% by weight, the manganese dioxide is from 1 to 96% by weight, and the copper oxide
is from 1 to 96% by weight. '

156. The system of Claim154 , wherein the colloidal alumina is from 10 to 40% by weight, the
aluminum oxide is from is from 30 to 70% by weight, the magnesium oxide is from 1 to

30% by weight, the manganese dioxide is from 1 to 20% by weight, and the copper oxide
is from 1 to 20% by weight.

157. An adsorbent and/or catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the
binder is colloidal alumina and the particle comprises aluminum oxide, copper oxide, and

a mv{ed oxide comprising copper ox1de manganese dlonde and lithium hydroxide.

158. The system of Claim 157, wherein the colloidal alumina is fr_bin 1 to 97% by »-veight, the
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adsorbent and/or catalyst particle, wherein the binder conprises a

col | oi dal .et-al--oxi @& or col l.oi dal netalloid oxi de (wmpy .
systemfor a \iﬁl\m’ ‘ﬁm\‘“ =t o thereby nodify the %m% /T

The net hod rein the heating is performed to increase the
surface ar e Byst et 213. The nethod of O aim 212, wherein the

physi cal property conprises surface area, pore area, bul k density, skeletal
density or porosity. 214. An adsorbent and/or catal yst and bi nder system
conprising: (a) a pendant |igand substituted or unsubstituted binder, and

(b) & peaafhu cdelstishpsiciodt b 079 B3l b B kidE ieflsard %%Ka“dg or

oxi de 117 catal yst particle. wherein eas of conmponent's
(b) is pendarweightganithe olistd dxideis froanﬁtw@@ra(byrw&ﬂrtponent (a) is
cross-linked with conmponent (b).

159. The system of Claim 157, wherein the colloidal alumina is from 10 to 40% by weight, the

aluminum oxide is from is from 30 to 70% by weight, the copper oxide is from 1 to 20%

.by weight, and the mixed oxide is from 1 to 20% by weight.

160. An adsorbent and/or catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the
binder is colloidal alumina and the particle comprises aluminum oxide and coppex; oxide.

161. An adsorbent and/or catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the

binder is colloidal alumina and the particle comprises aluminum oxide and silver oxide.

162. An adsorbent and/or catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the
catalyst and binder system comprises colloidal alumina, aluminum oxide, and one or

more of the oxide particles of V,05, WO,, WO,, TiO,, Re,0,, As,0;, As,0;, 0s0,, Sb,0,
or mixtures thereof. "

163. An adsorbent and/or catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the
catalyst and binder system comprises colloidal alumina, aluminum oxide, and one or

more of the oxide particles of V,0;, Zr0O,, TiO,, MgO, ThO,, lanthanide oxides or
mixtures thereof.
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215. The system mﬂﬁlmmﬂﬂmm"rel n the binder conprises a coll oi dal
netal oxide or af oid oxide. 216. T SViS i
wherei n the bi nder conptl ses scokl oi dal al um na, co[ﬁ%&&ﬁ%ﬁfgﬁgﬁq‘

coll oidal netal oxide wherein the netal is iron, or-.a mxture thereof. 217.
The system of O aim 215, wherein the binder conprises colloidal alumna,
colloidal silica, or a mxture thereof. 218. The system of C ai m 215,
wherein the binder is colloidal alumna. 219. The system of O aim 215,
wherei n the oxi de adsorbent and/or oxide catalyst particle is pendant

| i gandiédubsAn adsoguent aRMor ity ss yisd Enﬂafsyﬁbmicﬂm%‘)l@ing\&ftﬂﬁ&ir fhat s BeAdRyssd S
pendant i gand su@%{ ltuted. 221, The systemof Caim 215, wherein the oxide
adsor bent AWEFD Vit at lrastonedyReset gxideadsprbentmadion eatalysicharticle. eviserin thgendant

| i gand subsd,j : VSt f iym 215, , ‘wherein. {he pendant
11 gand subaPis s bidér gyaf SRR Anoldo T s BT Sndie o o
particle i ndeeafdenstige patitles sECu@IZA® 6,00 AG0P €AABHOL. IFBE) &,0DiZbY, havi ng
a conpl exi rl\g[ 8”?‘1%8 end, 118 . ) C )

g0, »» lanthanide oxides, or mixtures thereof.

165. An adsorbent and/or catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the
catalyst and binder system comprises colloidal alumina, alumihum oxide, and one or

more of the oxide particles of MnO,, Fe,0;, Fe,0,, Ru,0;, 0s0,, CoO, Co0.0;. RuO, NiO
or mixtures thereof. _ '

1_66 + An adsorbent and/or_ catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the
catalyst and binder system comprises colloidal alumina, alummum oxide, and one or

more of the oxide particles of Fe,0,, Fe;0,, CoO, Co,0, or_giixtures thereof.

167. Anadsorbent and/or catalyst and binder system comprising;é. binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the
catalyst and binder system comprises colloidal alumina, alutmnum oxide, and one or

more of the particles of zeolite, MgO, ThO, or mixtures théiféof.

168.  An adsorbent and/or catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the
catalyst and binder system comprises colloidal alumina, ali_iminum oxide, and one or

more of the oxide particles of MgO, Tl"xO2 or mixtures the_ré.i_jﬁ
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223. The systemof O.aim-222;--wherein the pendant |igand moiety further

conprises a tether end. 22 he system of O aim 223, wherein, méqtf
end conpri ses ﬁmmﬂmm L‘NAHHM an aromatic gr OUpy = ‘;S\K:?/\—'_E i =
siloxy group o her eof or an oli gorré?* mer thereof.
225. The system of d a| m 224 wherein the tether end conprises an
aliphatic or aromatic group that is from1l to 20 carbons, branched or
unbranched, substituted or unsubstituted. 226. The system of C aim 222,
wherein the conpl exi ng group conprises a group with a | one- pair of

el ecti68ns. Apadsorbenband/er catnlyst a6l binderagFemwdoerpeisingtaisindsnipit €2 BEnaresp

mono or ARl tsadf Gities St oxrdsmibre andloksaaly SpartR o U dRRd
phosphi ne WAl igkattidR afuhehs afid tléjﬁmclét‘godﬁ%&s%?muﬂtm&%kmezéggdmﬁc[ g the

conpl exi ng group conprises an uns rganic roi et System
of C ai nR2B8angankse; edppet teddeinadcabed.ed organic noiety is cyclic, acyclic, or

170.  The system of Claim169 , further comprising lithium hydroxide.

171. An adsorbent and/or catalyst and binder syétem comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the
particle comprises Al,O,, TiO,, CuO, Cu,0, V,0;, Si0,, MnO,, Mn,0,, Mn,0,, ZnO,
WO,, WO,, Re,0;, As,0;, As,05, MgO, ThO,, Ag,0, AgO, CdO, Sn0,, PbO, FeO,
Fe,O,, Fe;0,, Ru,0,, Ru0, 0s0,, Sb,0,, CoO, Co,0,, NiO or zeolite.

172. The system of Claim 171, wherein the particle further comprisés a séconc_i type of
‘adsorbent and/or catalyst particles of an oxide of aluminmxt, titanium, copper, vanadium,
silicon, manganese, iron, zinc, zirconium, tungsten, rhenium, arsenic, magnesium,
thorium, silver, cadmium, tin, lead, antimony, ruthenium, osmium, cobalt or nickel or

zeolite, activated carbon, including coal and coconut carbon, peat, zinc or tin..

173. An adsorbent and/or catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the

binder is colloidal alumina and the particle comprises aluminum oxide, zinc oxide and

copper oxide.

174. An adsorbent and/or catalyst and binder system comprising.a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, wherein the

binder is colloidal alumina and the fmrticle comprises aluminum oxide and co;.)per oxide.
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aromatic. 230. The system.of--daim 229, wherein the acyclic unsatura_%ed

organi ¢ noi ety-conpri ses an olefin, an allyl,
m xture there ‘“M‘E ‘Lem of Cdaim 229 &%ﬁ&@ﬁ| I C
unsat urated o M\‘ mw rises a 119 cycl opent adi ene,

cycl ohept atr| ‘ecy el obctadi ene, cycl ooctetraene or a m xture thereof 232.
The system of O aim229, wherein the aromatic unsaturated organic noiety
conpri ses benzene, napht hal ene, anthracene or mxtures thereof. 233. A

met hod of usi ngothe system of Claim 215 as a catal yst support system

conpr 195 ngAbmet d@rtrmcmsxrshnmatl@gahammmmahoraammamrﬁbmatlulu orgaarticle.
234. The nethod of Cla

d. | |
honogeneou¥reaat AR Sing %ac}ihé Eﬁéﬁ%?‘g‘d}tgg%‘%’? lg‘n‘f”déﬂﬂ%Bﬁ it ;‘/rléf e%ﬁlaasrﬁl nder

system Cofﬂ?h's‘ﬁfﬁtﬂent tie to r@dlﬁeeﬂanhmhteg&@ﬂnéﬁm%ff b&M&xﬂﬂ\aH{ fré&ﬂih@&%éahﬂt ed
bi nder, and (b) a pendant ligand substituted or unsusbtituted oxi de
adsor bent and/ or oxi de

176. A method for reducing or eliminating the amount of a contaminant from a liquid or gas
stream comprising contacting the system of Claim 115 with the contaminant in the stream

for a sufficient time to reduce or eliminate the amount of contaminant from the stream.

177. The method of Claim 176, wherein the stream is a liquid.

178. The mefhod of Claim 176, wherein tbe stream comprises watef.

;.179 . The method c;f Claim 176, wherein the stream is a gas.

"180. -Tﬁe method of Claim 176, wherein the stream compriseé air or naturgl gas.

181. The method of Claim 176, wherein the contaminant from th_g liquid or gas stream is - )

- reduced or eliminated by a catalytic reaction.

"182. The method of Claim 176, wherein the contaminant from the liquid or gas stream is

reduced or eliminated by an adsorption reaction.

183. The method of Claim 176, wherein the contaminant is acetone, ammonia, benzene,
carbon monoxide, chlorine, hydrogen sulfide, trichloroethylene, 1,4-dioxane, ethanol,
ethylene, formaldehyde, hydrogen cyanide, hydrogen sulfide, methanol, methyl ethyl
ketone, methylene chloride, nitrogen oxide, propylene, styr;ile, sulfur dioxide, toluene,

vinyl chloride, arsenic, cadmium, chlorine, 1,2- dibromochqufopropane, iron, lead,
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catal yst particle, and (c) a netal conplex, wherein at.|east one of

conponents (a and (B)~is— pendant |igand substitute i n corrponent (a)
IS cross- Ilnk%m ent (b) and wherein theﬁgpﬁl/&éﬁﬁﬂ

bound to conp ’Ire 236. The system of C ai n235, wher ei ﬁ‘E-ﬁe
bi nder conpri ses ‘a é taI oxide or a colloidal netalloid oxide.
237. The system of d al m 236 wherei n the binder conprises coI I 0| dal
alum na, colloidal silica, a colloidal netal oxide wherein t

iron, or a mxture thereof. 238. The systemof C aim 236 , mﬁg} G‘EM @TSHEET
bi nder C phpsphaes reioh] iddalm rwnian. col | oidal silica, or a mxfure thereof.
120 239. The system of Cl ai nm 236 wherein the binder isjcélirg® dak 1999
al um na. 240. The system of C aim 236, wherein the oxide ad$ofbent and/or

oxl O{%z;?“ﬂeyrﬁéml?%{‘ L& 1i7%, wherein the contaminant is hydrogen sulfide.

185. The method of claim176, wherein the contaminant comprises an anion, an oxoanion. a

cation, or a poly-oxoanion.

186. A method for catalyzing the decomposition of an organic compound comprising
contacting the organic compound with the system of Claim 114 for a sufficient time to
catalyze the degradation of the organic compound.

187. The method of Claim 186, wherein the catalytic reaction is at room temperature.

188. The method of Claim 186, wherein the organic compound is a chlorinated hydrocarbon.

189. The method of Claim 186, wherein the organic compound is trichloroethylene.

190. A method for reducing or eliminating a contaminant from a gas stream by catalysis
comprising contacting the system of Claim 115 with a gas stream containing a

contaminant comprising an oxide of nitrogen, an oxide of sulfur, carbon monoxide,

hydrogen sulfide, or mixtures thereof for a sufficient time to reduce or eliminate the
contaminant amount.

191. The method of Claim 190, wherein the catalytic reaction is at room temperature.

192. A method for adsorbing an ion from a liquid or gas stream comprising contacting an

adsorbent and/or catalyst and binder system comprising a binder that has been cross-
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pendant |igand subatituLed 241 ____The systemof Caim 236 wherein the

bi nder is pendant |igand substituted. 242. The syste

wherei n the oxi de ﬁ mgu H Hmom de catalys E%A&@ggﬁm ﬁgg nder
are both pendant * 243. The system of Claim 237, wherein
t he pendant Ilgand substltutlon on the binder and oxide adsorbent and/ or
catal yst particle independently conprises at |east one pendant |igand

noi ety having a conpl exing group end. 244. The system of C ai m 243,
wherein the pendant |igand noiety further conprises a tether end. 245. The

syst em of ligked mitR48 leavdiRe &ype dthride@iifRbert add/epémﬂyﬁq)anm wlth RMRAkLidorgr oup,

an aromatic group, a sjlyl group, a siloxy group or conbi nation thereof

or an oI|gﬂhﬁ?a%ﬁcﬂﬁmyﬁﬁﬁhQﬁ@reof 246. The systen1of Cl ai m 245, wherein
the tether end conprises an aliphatic or aromatic group that is froml to

20 carbons, branched or unbranched, 'substituted or unsubstituted. 247.

The syst, efTﬂQfm@héd 8T Cthdn19h leﬁﬂrﬂnttl’l\'teloﬁQHﬁbﬂé,@s%ﬁ 2BTRAUR cARIDEA SeSafoll/OUP
with a lone- pair of electrons. 121 °
poly-oxoanion or a mixture thereof.

194. A method for regenerating an adsorbent and/or catalyst and binder system comprising a
binder that has been cross-linked with at least one type of oxide adsorbent and/or catalyst
particle that has adsorbed a contaminant, comprising thermally oxidizing said system or
contacting said system with (1) a reagent wash comprising aqueous ammonia, a
phosphine, a detergent or a mixture thereof; (2) an acid or base to cause a pH swing;

(3) or a Lewis acid or base.

195. A method for producing an adsorbent and/or catalyst and binder system comprising
() | mixing components comprising
- (a)  abinder comprising a colloidal metal oxide or colloidal metalloid oxide,
()  afirst adsorbent and/or catalyst particle that does not cross-link with the -
binder, and |
(c) an acid,
(ii) removing a sufficient amount of water from the mixﬁn_'e to cross-link component a

to itsélf, thereby entrapping and holding component b within the cross-linked

binder, to form an adsorbent and/or catalyst and binder system.
196. The method of Claim 195 wherein the removing is by heating or by using a drying agent.

197. The method of Claim 196, wherein the removing is by heating.
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248. The system of Cl aim243-—wherein the conpl exi ng group conprises a

hydr oxyl group, an ether, ' a thioether, an ire T
di substituted am m H\mm&‘gm a nono- or di subﬁﬁﬂ-@\ggmgﬁﬁgﬁga
m xture thereof. EAR A of Cl aim 243, wherein the conpl exing
group conprises an unsaturated organic noiety. 250. The systemof Caim
249 , wherein the unsaturated organic noiety is cyclic, acyclic, or
aromatic. 251. The systemof Caim?249 , wherein the acyclic unsaturated
organi c noiety conprises an olefin, an allyl. a diene, a triene or a

m xigg.e fThe neiiod @&5ainT bes, fyrslied Go@bristh@aRechh adsobb&it ahdrot EikalgytGaitizle
unsaturated organic noiety corrgri ses a cycl opent adi ene, cycl oheptatriene,
n

cycl ooct dt srpss-liake wish dheipdsnidersby grogs-kinking thenkindesfand fgzsecamsbpastile em of

d ai m 24 in the.. i G. _ur at edr. or-gan i at '
benzona. S Ereh LaddSpiRE ARG E RIS BAARle SRR e PO Ginked BREL &R0 .
Ol ai m 235vithinkterbsk-lirked BRIde! ardRPdRIpaeaiter | Ses a netal salt, netal

199. The method of Claim 196, wherein component b comprises an activated carbon particle.
200. The method of Claim 196, wherein component b does not contain an oxide particle.

201. The method of Claim 196, wherein the binder comprises colloidal alumina, colloidal

silica, or a mixture thereof.
202. The method of Claim 19¢ wherein thg binder is colloidal alumina.

203. A con@p&sitien for binding adsorbent and/or catalytic particles to produce an
agglomerated particle comprising (a) a colloidal metal oxide or colloidal metalloid oxide

and (b) an acid, wherein the binder is not colloidal aluminum oxide or colloidal silicon
dioxide.

204.. The composition of Claim 203, wherein the acid is acetic acid or nitric acid.
205. The composition of Claim 203, wherein the acid is nitric acid.

206. A kit for binding adsorbent and/or catalytic particles to produce an agglomerated particle
comprising (a) a colloidal metal oxide or colloidal metalloid oxide and (b) an acid,

wherein the binder is not colloidal alurhinum oxide or colloidal silicon dioxide.
) .
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carbonyl conplex, metal phosphine conplex, metal am ne conplex, netal

ol efin conpl ex, awetal acetyl ene conpl ex, a netal e . a. et al
hydri de conpl ex, . Lmu nmpl ex or a mxtu%M&g%WS}HEET
systemof Caim ZE“M\NI““M “ tal salt conprises a halide, a
carbonate, an oxal ate¢ a- bi%carfbofiate, or a carboxylate as the counterion of
lithium sodium potassium rubidium cesium francium nmagnesium calcium
strontium barium radon, the 122 transition netals, the |anthanide
metals or_the actinide netals as the netal noiety. 256. The system of

d ai 0254 Thoadsoehant anddomnddr spset annde by dwpprosess ohClmimd2Rucl ear or pol y-

nucl ear binary carbonyl of a transition netal. 257. The systemof Caim
256 , wherein the netal carbonyl conprises a nono-nuclear or poly- nuclear

M Xecogar TaeYlsoPbe RRA/BELinG@ sPREA mARURBIRIE hiBcess JE LM 198l ef i n, . carbonyl -
acetyl ene, carbonyl -cycl opent adi enyl conpl exes, carbonyl -hydride, or
carbonyl -halide of a transition netal. ‘

'209. A method of encapsulating a contaminant within an adsorbent particle comprising heating
an adsorbent and/or catalyst and binder system comprising a binder that has been cross-
linked with at least one type of oxide adsorbent and/or catalyst particle, that has adsorbed

a contaminant to a temperature sufficient to close the pores of the system to thereby

encapsulate the contaminant within the system.

210. The method of Claim209 , wherein the temperature is from 450 °C to 2,000 °C.

211. A method for modifying the physical property of an adsorbent and/or catalyst and binder
system comprising a binder that has been cross-linked with at least one type of oxide

-adsorbent and/or catalyst particle, wherein the binder comprises a colloidal metal oxide or

. colloidal metalloid oxide comprising heating the system for a sufﬁciént time to thereby
modify the physical property. '

212. The method of Claim211 , wherein the heating is performed to increase the surface area
of the system.

213. The method of Claim212:, wherein the physical property comprises surface area, pore
area, bulk density, skeletal density or porosity.

~ 214. An adsorbent and/or catalyst and binder system, comprising:
(@)  apendant ligand substituted or unsubstituted binder, and

(b) a pendant ligand substituted or unsusbtituted oxide adsorbent and/or oxide
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258. The system of C aim 254, wherein the netal conplex con‘gﬁ.ml
| yst,
o .

hydrogenation catal yst, an oxidation catalyst, EREP‘%{\@EME
pol y

a reduction catal yst,"an-i-soneri zation catal yst, nmeri zati on,

car bonyl ati on cat_:glr/’ ref orm ng~catal yst, an olefin netathesis

catal yst, a Fisch Mf@ﬂ mﬂl t, a gasification catalyst or a m xture
t hereof 259. A netho ' mg a pendant |igand substituted adsorbent
and/ or catal yst system conprising: (1) m Xi ng conponents, conpri sing:
(a) a pendant |igand substituted or unsubstituted binder conprising a

col | oi dal net alcalyd@adicles col | oi dal netalloid oxide, (b) a pendant

| i gand subst | tut or unsubstit ut ed, oxj de.adsqr hent and/ o | de cat al yst
partcl o St a8l o AT eRRbiopatt o0, B8 CF P Bint e BBl ey B R )
i s pendantcdnmgtes @Y R<rddsinked withichmpbfé@Ybyng a suf ficient amount of water
fromthe mxture to cross-1link conponents (a) and (b) to form a pendant
| i gand substituted adsorbent and/or catalyst and 123 ‘

215. The system of Claim 214, wherein the binder comprises a colloidal metal oxide or a

colloidal metalloid oxide.

216. The system of Claim 215, wherein the binder comprises colloidal alumina, colloidal

silica, a colloidal metal oxide wherein the metal is iron, or a mixture thereof.

217. The system of Claim 215, wherein the binder comprises colloidal alumina, colloidal

silica, or a mixture thereof.
218. The system of Claim 215, wherein the binder is colloidal alumina.

219. The syétem of Claim 215, wherein the oxide adsorbent and/or oxide 6ata1yst particle is
pendant ligand substituted. '

220. The system of Claim 215, wherein the binder is péendant ligand substituted.

221. The system of Claim 215, wherein the Qxide adsorbent and/or oxide catalyst particle and
the binder are both pendant ligand sub'_st_ituted.

222. The system of Claim 215, wherein thellp:endant ligand substitution on the binder and
oxide adsorbent and/or catalyst particle independently comprises at least one pendant

ligand moiety having a complexing group end.
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bi nder system and 260. ﬁmmw of Claim 259 further conprising (iii)
‘bi ndi ng a netal resulting syste t )\ A : he -
anchored cat al y\;mm\n 261. The net hod of C amﬂﬁﬁww&ﬁma ng
step (iii) conpri*ses vapor deposition. incipient wetness, aqueous

| mpregnati on or non-aqueous inpregnation. 262. The nethod of C aim 260,
further conprising prior to step (i), reacting an unsubstituted binder with
- a hydroxyl -reactive conpound to produce a pendant 1igand substituted :

bi nder. 263. The nethod of O aim 260, further conprising prior to step (i),
r eaz23.ngThasysoswubECidimP22l, wherdia tadpmdmetriigaad eodety dutiote compabagattether ti cl e
wth a hg%{ oxyl -reactive conpound to produce a pendant |igand substituted
oxi de adSOrbent and/or oxide catalyst particle. 264. The nethod of C aim
260, further conprising prior to step (i), reacting an unsubstituted binder
and an unsubstituted oxi de adsorbent and/or oxide catalyst particle wth a

hydpaxy| Theagsten of QaimoR2Blwherelir theltetiter and eorelpeides lah gHplshtie Whsig, bt €d bi nder
and a substituted oxide adsorbent and/or oxide catalyst particle.
aromatic group, a silyl group. a siloxy group or a combination thereof or an oligomer or

polymer thereof.

225. The system of Claim224 ;, wherein the tether end comprises an aliphatic or aromatic

group that is from_1 to 20 carbons, branched or unbranched, substituted or unsubstituted.

226. The system of Claim 222, wherein the complexing group comprises a group with a lone-

pair of electrons.
227. The system of Claim 223, wherein the complexing group comprises a hydroxy! group, an
‘ether, a thiol, a thicether, an amine, a mono- or disubstituted amine, a phosphine, a mono-

or disubstituted phosphine or a mixture thereof.

228. The system of Claim 222, wherein the complexing group comprises an unsaturated
organic moiety.

229. The system of Claim228 . wherein the unsaturated organic moiety is cyclic, acyclic, or
aromatic.

230. The system of Claim329 , wherein the acyclic unsaturated organic moiety comprises an

olefin, an allyl, a diene, a triene or a mixture thereof. >

231. The system of Claim 229, wherein the cyclic unsaturated organic moiety comprises a
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265. The anchor.ed-adsoerbent™ a“ﬁ'd'/"d? catal yst and bi nder system nade by the

process of Cla|m2 t-hod of Cla|m260 ' ving is
by heating or ‘ﬁ“@gﬂ gmggent. 267. The net ﬁtgmﬂm&ﬁt
wherein the rerm eattng. 124 268. The nethod of Caim 259
wherein the binder conprises colloidal alumna, colloidal silica, a

col | oidal netal oxide wherein the netal is iron, or a mxture thereof 269.
The met hod of C aim 259, wherein the binder is col | oi dal al umina. 270. The
met hod of Cl aim 259, wherein the binder is from1%to 99.9% by wei ght of

h ' 3 ) | oi dal
2l i na. argelBeRgist e SBbR s, b e, MRSt R ertt 0oy
G ai m 259, wherein conmponent b conpri ses at least two different types of

oxi de adsorbent and/or catalyst particles.
232. The system of Claim 229, wherein the aromatic unsaturated organic moiety comprises

benzene, naphthalene, anthracene or mixtures thereof.

233. A method of using the system of Claim 215 as a catalyst support system comprising

binding the system of Claim 215 with a second catalyst particle.
234. The method of Claim 233, wherein the second catalyst particle is a homogeneous catalyst.

235. An anchored adsorbent and/or catalyst and binder system, comprising:
(a) a pendant ligand substituted or unsubstituted binder, and
(b)  apendant ligand substituted or unsusbtituted oxide adsorbent and/or oxide
catalyst particle, and '
(c) a metal complex, ,
wherein at least one of components (a) and (b) is pendant ligand substituted, wherein

component (a) is cross-linked with component (b), and wherein the metal complex (c) is
bound to component (a) and/or (b). '

236. The system of Claim235", wherein the binder comprises a colloidal metal oxideora’
colloidal metalloid oxide.

237. The system of Claim236 ', wherein the binder comprises colloidal alumina, colloidal

silica, a colloidal metal oxide wherein the metal is iron, or a mixture thereof.

238. The system of Claim236 , wherein the binder comprises colloidal alumina, colloidal

silica, or a mixture thereof.
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273 The nmethod of Claim 259, wherein conponent b corrprl ses at least three

‘di fferent types—of~©Xide adsorbent and/or catalyst particles. 274. The

gl;ého_(?_hgfngﬁl mm‘mﬁ“mmlmonponent b conpmseREpEA@EMEWT@HEET[‘e
e

wher ei n conponent b cOGNprises a non-ceran c
porous metal -0 part¥ cl®e. *276. The nethod of C ai m 259, wherein

conponent” b conprises a particle of an oxide of alum num titanium copper,
vanadi um silicon, nanganese, iron, zinc, zirconium nagnesium calcium
strontium barium boron, gallium indium thallium germanium tin, |ead,
ar 229i c, Thawysteongt Cloimosb s mitekein thezhinder isscobloidal afuming: e t her eof 125 277.
The nmet hod of C aim 259, wherein conponent b conprises a mxture of at

| east two nmetal oxide particles having the sanme netal with varying

St olyghi opRd fﬁteﬁpgf @P&irﬂ%‘jb,%e?éxﬂhf‘es%xéd"e7z§tso%@ﬁt dRRIdr Odide calalyRt B&rﬁ?l%ns wherein

conmponent b “conprises al um num oxi
pendant ligand substituted.

241. The system of Claim 236, wherein the binder is pendant ligand substituted.

i~
=
[\

The system of Claim 237, wherein the oxide adsorbent and/or oxide catalyst particle and

the binder are both pendant ligand substituted.

243. The system of Claim 237, wherein the pendant ligand substitution on the binder and
oxide adsorbent and/or catalyst particle independently comprises at least one pendant

ligand moiety having a complexing group end.

244.  The system of Claim 243, wherein the pendant ligand moiety further comprises a tether
end.

245. The system of Claim 243, wherein the tether end comprises an aliphatic group, an

aromatic group, a silyl group, a siloxy group or a combination thereof or an oligomer or
polymer thereof.

246. The system of Claim 245, wherein the tether end comprises an aliphatic or aromatic

group that is from 1 to 20 carbons, branched or unbranched, substituted or unsubstituted.

247. The system of Claim243., wherein the complexing group comprises a group with a lone-
pair of electrons. '
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di oxi de, copper oxi de;--vanadi-um-pent oxi de, silicon dioxide, nanganese

“di oxi de, iron ox zirconiumoxide or zeolite particle. 279.
The net hod of d HEﬁIE Eﬂ!ﬂm lﬂonponent b furtherREDPHSES AENMTCORTTMDe
of adsorbent and i cle of alum num oxide, titanium di oxide,
copper oxide, vanadi um pentoxide, silicon dioxide, nmanganese di oxide, iron
oxi de, zinc oxide, zeolite, activated carbon, peat, zinc or tin particle.
280. The nmethod of C aim 259, wherein conponent b conprises a

non- anor phous, non- ceram c, crystalline, porous, calcined alum num oxide
partizdse ﬂ'h«aﬁyatm opﬂbdm@ezi wtlereml the mmyexllng gpmmcmrrmmusest ohytdrexyd gravipnea

al um num g |de i cle tenperature t.o 700 [err]C
281 The RUEhadAH3 {‘PFEQB“ AERqRor HE&E%PSEM fa‘l“Ewﬂ P}{H%P%‘R? FPNt i cl e
IS in theopaRiBstingbd pﬁ hin€'or me%\fgﬂﬂkmggz The method of G aim 280

wherein the cal cined . al um num oxide particle was pretreated with an acid
activation treatnent. 283. The nethod of C aim 259, wherein the acid

conpri ses.an ali tjc or_ar box c.acid. 126
er249 e systerg o?‘ dlmm243 vX\erem tExe co%plexmg group comprises an unsaturated

organic moiety.

250. The system of Claim249 , wherein the unsaturated organic moiety is cyclic. acyclic. or

aromatic.

251. The system of Claim249 , wherein the acyclic unsaturated organic moiety comprises an

olefin, an allyl. a diene, a triene or a mixture thereof.

252. The system of Claim249 , wherein the cyclic unsaturated organic moiety comprises a

- cyclopentadiene, cycloheptatriene, cyclooctadiene, cyclooctetraene or a mixture thereof.

253, The system of Claim 249 wherein the aromatic unsaturated organic moiety comprises
benzene, naphthalene, anthracene or mixtures thereof,

254. The system of Claim235 ., wherein the metal complex compfises a metal salt, metal
carbony! complex, metal phosphine complex, metal amine complex, metal olefin

- complex, a metal acetylene complex, a metal polyene complex, a metal hydride complex,

a metal halide complex or a mixture thereof.

255. The system of Claim 254, wherein the metal salt comprises a halide, a carbonate, an
oxalate, a bicarbonate, or a carboxylate as the counterion of lithium, sodium, potassium,

rubidium, cesium, francium, magnesium, calcium, strontium, barium, radon, the
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284

The method of d aim 259 wherein the acid co

sul furi c acid, hydrochiorie--aci-d; --bori c acid, aceti W%W%WS%ET

phosphoric acid or 285. The nmethod of O aim 259, wherein
the acid is aceticmmm nﬁm @i}? CI d. 286. The nmethod of O aim 259,
wherein the concentratton.

dlsfromO 15 Nto 8.5 N 287.

nmet hod of O aim 259, wherein the cross-linking tenperature is from 25
[err]C to 400 [err]C. 288. The nmethod of O aim 259, wherein the
cross-linking tenperature is from70 [err]C to 150 [err]C and the binder

col | oi datrarsitioni metals the dintahitielmeaals bethe a2@8de mbtaieishhe nfeil npi@iduci ng an
adsor bent and/or catal yst and bi nder system conprising (i) m Xi ng

conponents conprising (a) a binder conprising a colloidal netal oxide or

par

I'ele

257.

col 59' da thé%?el(rl ?f 81&%'2@2 vgll(el?gm the%etgf(éagl?onﬁgg gr?seg %‘?dr{o Huctedt 8t ¥&§l

nuclear binary carbonyl of a transition metal.

The system of Claim256 ', wherein the metal carbonyl comprises 2 mono-nuclear or poly-

nuclear mixed carbonyl-phosphine. carbonyl-phosphite, carbonyl-olefin, carbonyl-

. acetylene, carbonyl-cyclopentadienyl complexes, carbonyl-hydride, or carbonyl-halide of

258.

a transition metal._

The system of Claim 254, wherein the metal complex comprises a hydrogenation catalyst,

an oxidation catalyst, a hydroformylation catalyst, a reduction catalyst, an isomerization

catalyst, a polymerization, a carbonylation catalyst, a reforming catalyst, an olefin

metathesis catalyst, a Fischer-Tropsch catalyst, a gasification catalyst or a mixture

“thereof.

259.

A method for producing a pendant ligand substituted adsorbent and/or catalyst system,
comprising:
(i) mixing components, comprising: :
(@  apendant ligand substituted or unsubstituted- binder comprising a colloidal
' meta] oxide or a colloidal metalloid oxide,
(b) . ' apendant ligand substituted or unsubstituted oxide adsorbent and/or oxide
catalyst particle, and
(©) an acid,
wherein at least one of components (a) and (b) is pendant ligand substituted,
(i)  removing a sufficient amount of water from the mixture to cross-link components

(a) and (b) to form a pendant ligand substituted adsorbent and/or catalfst and

123
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(i)

the binder with itself and/or-—eeonponent b to form aRIE'én P[@Erﬁg;
catal yst and bi nder system and g‘“l) reacting the sulta

adsor bent and/ or
wi th a hydroxyl -re
oxi de adsorbent and/®

of Cl ai m 289,
conpl ex 127

catal yst sysSt@fer

renoving a sufficient anount of water fromthe m xture to cro

pendant

oxi de adsorbent and/or catalyst particle i's pendant

293.

26l.
262.

263.

264.

265.

266.

267.

T

nt OXIde
icle and the binder system of st

E{één'k

ep (ii)

o forma pendant |igand substituted
r COXILde cat al yst and bi nder system 290. The nethod
further conprising (iv) after step (iii) binding a netal
onto the resulting systemof step (iii) to forman anchored
gidem, ahde met hod of C aim 290, wherein the binder is

| i gand substituted. 292. The nethod of O aim 289, wherein the

resulting system of step (ii) to form the anchored catalyst system.

The method of Claim 260, wherein the binding step (iii) comprises vapor deposition.

incipient wetness, aqueous impregnation or non-aqueous impregnation.

The method of Claim 269, further comprising prior to step (i), reacting an unsubstituted

binder with a hydroxyl-reactive compound to produce a pendant ligand substituted binder.

The method of Claim 260, further comprising prior to step (i), reacting an unsubstituted

oxide adsorbent and/or oxide catalyst particle with a hydroxyl-reactive compound to

produce a pendant ligand substituted oxide adsorbent and/or oxide catalyst particle.

The method of Claim'zso, further comprising prior to step (i), reacting an unsubstituted
binder and an unsubstituted oxide adsorbent and/or oxide catalyst particle witha
hydroxyl-reactive compound to produce a pendant ligand substituted binder and a
substituted oxide adsorbent and/or oxide catalyst particle.

The anchored adsorbent and/or catalyst and binder system made by the process of Claim
260,

The method of Claim 260 wherein the removing is by heating or by using a drying agent.

The method of Claim 260/, wherein the removing is by heating.
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294. The net hod of d ai m 290, WRer&i'n the binding SR?E&}X@ TS&“EET

" vapor deposi tion. r'mu" ml aqueous i npregn non- agueous
i mpregnation. 295. a lm 'ﬂ! m‘;d substituted adsorbent and/or
~catal yst and bi nder Systentnatie *t he process of C aim290. 296. The

met hod of C aim 290 wherein the rermvi ng i s by heating or by using a drying
agent 297. The nmethod of O aim 290, wherein the renoving is by heating.
298. The nethod of C aim 290, wherein the binder conprises coll oidal

alum na, colloidal silica, a colloidal netal oxide wherein the netal is

iro r ' n the
b oS PG intb SrChRRCS, whidin nd BindEFCainshsd cotlaidThionne WRGRAE ¢ o
bi nder i Ss:hézﬂmcb%tdal DGtaPORidY whereithe ffetall Reirdd, $F bhfixture théRdf, The nmet hod of

Claim 289, wherein the binder is colloidal alumna and is from10%to 35%
by wei ght of the m xture. 302. The nmethod of O aim 289, wherein conponent b

co rrpﬁégs_es Tﬁé nle‘tah%%ito C%) bg& § rh%xneﬁn Ehg I%mder is colloidal alumina.

270. The method of Claim 259, wherein the binder is from 1% to 99.9% by weight of the

mixture.

271. The method of Claim 259, wherein the binder is colloidal alumina and is from 10% to

35% by weight of the mixture.

272. The method of Claim 259, wherein component b comprises at least two different types of
oxide adsorbent and/or catalyst particles.

573. The method of Claim 259, wherein component b comprises at least three different types
of oxide adsorbent and/or catalyst particles.

274, The method of Claim 259, wherein component b comprises a metal oxide particle.

275. The method of Claim 259, wherein component b comprises a non-ceramic, porous metal
oxide particle.

-276. The method of Claim 259, wherein component b comprises a particle of an oxide of
aluminum, titanium, copper, vanadium, silicon, manganese, iron, zinc, zirconium,
magnesium, calcium, strontium, barium, boron, gallium, indium, thallium, germanium,

tin, lead, arsenic, antimony, or bismuth or zeolite or a mixture thereof.
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oxi de adsorbent and/or catalyst particles. 303. he 289,
- wherein conponent b conprises-at—|east three d %ﬁmﬁgﬁﬁgﬁ

adsor bent and/.or—eatalyst part icles. 304. The method of O aim 289, wherein
conmponent b conp |de particle. 305. The nethod of Caim '
289, wherein c M\;&l‘! es a non-ceramc, porous netal oxide
particle. 306. dd Of CI ai m 289, wherein conponent b conprises a
particle of an oxide of alum num titanium copper, vanadium silicon,
nmanganese, iron, zinc, zirconium magnesium calcium strontium barium
bor o al t,hal nti nony,
or blag?ngjlt Jﬂgﬁﬂétg%{'lg%gﬂ%w 2§§m¢v§%{gﬂrné:3§{ger eo?5 %g%&}\ges Arxﬁgqunrg?) ﬁﬁ@ﬁ “&@ai m 28%,
wher ei n cangahedide particlephavingtha some et with airyihg asichiometryedndl oxidatide
particles having the sanme nmetal with varying stoichionetry and oxi dation
states. 30¥MeS-The nethod of O aim 289, wherein conmponent b conpri ses
al um num oxi de, titani um di oxi de, copper oxide, vanadi um pentoxide, silicon
di oxi de, manganese di oxi de, iron oxide, zinc oxide, zirconium oxide or
zeol i 7. paTlid @ktod of Claim259 ., wherein component b comprises aluminum oxide, titanium

dioxide, copper oxide, vanadium pentoxide, silicon dioxide, manganese dioxide. iron

oxide, zinc oxide, zirconium oxide or zeolite particle.

279. The method of Claim 278, wherein component b further comprises a second type of
adsorbent and/or catalyst particle of aluminum oxide, titanium dioxide, copper oxide,

vanadium pentoxide, silicon dioxide, manganese dioxide, iron oxide, zinc oxide, zeolite,

activated carbon, peat, zinc or tin particle.

.2.80 . The method of Claim 259, wherein component b comprises a non-amorphous, non-
‘ceramic, crystalline, porous, calcined aluminum oxide particle that was produced by
calcinihg the precursor to the calcined aluminum oxide at a particle temperature of from
300 °Cto 700 °C.

281. The method of Claim 280, wherein the calcined aluminum oxide particle is in the gamma,
' chi-rho, or eta form.

282. The method.of Claimi 280, wherein the calcined aluminum oxide particle was pretreated

with an acid activation treatment.

283. The method of Claim 259, wherein the acid comprises an aliphatic or aryl carboxylic
acid.
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309. The nethod of gbai m 308, wherein conmponent b further conprises a
. second type of adsorbént—andlor catalyst particle Rl KRNI
titani um di oxide, co xi de, varadi-um pent oxi de’}p S'Fiﬂl P(I?:ﬁ;n df’%ﬂﬁupET
manganese di oxi de, |ﬁ@!ﬁﬁﬂm ' xi de, zeolite, activated carbon, peat,
zinc or tin particle.» . M of Cl ai 289, wherein conponent b
conpri ses a non-anor phous, nofi- Terdfhic, crystalline, porous, calcined

al um num oxi de particle that was produced by calcining the precursor to the
cal cined al um num oxide at a particle tenperature of from300 [err]C to 700

[err] C. 3 d. L3 reln.khe.. | 3l um num oxi de
par'%%"cl (fhlje ;m ?tﬁg‘fﬁg@%ggmrﬁg\g%rab%&gdr c%élsggpﬁlpg%g’%gg%@ hod of Claim
311, whefydidthidiR R, bbriestidladetidaeid, Funtle asid! phosporiaRidsehieated Wi th an

acid activation treatnent. 313. The net hod of aim 289, wherein the acid
conpri sdbegpf.al i phatic or aryl carboxylic acid. 314. The nethod of daim
289, wherein the acid conprises nitric acid, sulfuric acid, '

285. The method of Claim 259, wherein the acid is acetic acid or nitric acid.
286. The method of Claim 259, wherein the concentration of the acid is from 0.15 N to 8.5 N.

287. The method of Claim 259, wherein the cross-linking temperature is from 25 °C to
400 °C.

288. The method of Claim 259, wherein the cross-linking temperature is from 70 °C to 150 °C

and the binder is colloidal alumina or colloidal silica.

289. A method for producing an adsorbent and/or catalyst and binder system '{:omprising

@) mixing components comprising |
(@)  abinder comprising a colloidal metal oxide or colloidal metalloid oxide,
(b)  an oxide adsorbent and/or catalyst particle, and
(c) anacid, .

(i) removing a sufficient amount of water from the mixture to cross-link the binder
with itself and/or component b to fomi'a_tij. adsorbent and/or catalyst and binder
system, and

(iii)  reacting the resultant oxide adsorbent and/or oxide catalyst particle and the binder
system of step (ii) with a hydroxyl-reacti#e compound to form a pendant ligand

substituted oxide adsorbent and/or oxide catalyst and binder system.

290. The method of Claim289, further comprising (iv) after step (iii) binding a metal complex
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hydrochl oric acid, boric acid, acetic acid, formg i d, ; ?Fd or
- m xtures thereof. -315-—The-nethod-of-C ai n289, M@hﬂ&gmmgﬁgt i C

acid or nitric aci The net hod of C aim 289, wherein the
concentrationoftheTMﬁﬁmlg!im.ﬂ m“E Nto 85N  .317. The nethod of
Cl ai m 289, wher ei n'tREY u | 139 tenmperature is from25 [err]C to 400
[err]C. 318. The nethod of O aim 289, wherein the cross-I|inking

tenperature is from70 [err]Cto 150 [err]C and the binder is colloidal
alum na or colloidal silica. 319. The anchored adsorbent and/or catal yst

and bi ndentosths r&ltiHRAg s JREpRIDES ftmOin dnkRorY €8RlystdyStem, AN anchor ed
adsor bent and/or catalyst and binder system conprising: (a) a bi nder,

and (b) an oxi de adsorbent and/or oxide catalyst particle, and (c) a
met al corﬁl ex,. . . . . .
201. e méthod of Claim 29Q wherein the binder is pendant ligand substituted.

292. The method of Claim 289, wherein the oxide adsorbent and/or catalyst particle is pendant
 ligand substituted.

293. The method of Claim290, wherein the oxide adsorbent and/or oxide catalyst particle and
the binder are both pendant ligand substituted.

294. The method of Claim 290, wherein the binding step (iv) comprises vapor deposition.
incipient wetness, aqueous impregnation ar non-aqueous impregnation.

\

2§5 . The pendant ligand substituted adsorbent and/or catalyst and binder system made by the
process of Claim 290, )

296. The method of Claim290 wherein the removing is by heating or by using a drying agent.
297. The method of Claim290, wherein the removing is by heating.

20g8. The method of Claim 290, wherein the binder comprises colloidal alumina, colloidal

silica, a colloidal metal oxide wherein the metal is iron, or a mixture thereof.
299, The method of Claim290, wherein the binder is colloidal alumina.

300. The method of Claim290, wherein the binder is from 1% to 99.9% by weight of the
mixture.

LA
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_Wherein conponent (a) is cross-linked with conponent (b), and whergHEE?

“metal conplex (c) is bound directly to conponent (%ﬁ%@
met hod for produci ng an adsorbent and/or catal yst er system

conprising (i) mxi rising (a) a binder conprising a
col l oi dal netal oxi aalmﬂm'mtﬂluﬂmt all oid oxide, (b) an oxi de
adsorbent and/or catafy$t particté* and (c) an acid, (ii) renoving a
sufficient anount of water fromthe m xture to cross-link the binder with
itself and/or conponent b to form an adsorbent and/or catal yst and bi nder
SYSHEM Bednéthbd bi-OialtH e, iheiih Me ﬁﬁwlxﬁ&lwxdﬁﬁmwn@m%stfhﬁn [ §SUbt I N9

system of step (ii) to forman anchored catal yst system REPLACEI\/EI\FI'
SHEET 35% by weight of the mixture.

302. The method of Claim 289, wherein component b comprises at least two different typés of

oxide adsorbent and/or catalyst particles.

303. The method of Claim 289, wherein component b comprises at least three different types

of oxide adsorbent and/or catalyst particles.
304. The method of Claim 289, wherein component b comprises a metal oxide particle.

305. The method of Claim 289, wherein component b comprises a non-ceramic, porous metal
oxide particle.

306. The ni_ethod of Claim 289;, wherein component b comprises a particle of an oxide of
aluminum, titanium, copper, vanadium, silicon, manganese, iron, zinc, zirconium,
magnesium, calcium, strontium, barium, boron, gallium, indium, thallium, germanium,
tin, lead, arsenic, antimony, or bismuth or zeolite or a mixture thereof.

307. The method of Claim289, wherein component b comprises a mixture of at least two

metal oxide particles having the same metal with varying stoichiometry and oxidation
states.

308. The method of Claim289, wherein component b comprises aluminum oxide, titanium
dioxide, copper oxide, vanadium pentoxide, silicon dioxide, manganese dioxide, iron

oxide, zinc oxide, zirconium oxide or zeolite particle.
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322. The particle made by the process of Caim321. 132
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309. The method of Claim 308 wherein component b further comprises a second type of
adsorbent and/or catalyst particle of aluminum oxide, titanium dioxide, copper oxide,

vanadium pentoxide, silicon dioxide, manganese dioxide, iron oxide, zinc oxide, zeolite,

activated carbon. peat, zinc or tin particle.

310. The method of Claim289, wherein component b comprises a non-amorphous, non-
ceramic, crystalline, porous, calcined aluminum oxide particle that was produced by

calcining the precursor to the calcined aluminum oxide at a particle temperature of from
300 °C to 700 °C,

311. The method of Claim310, wherein the calcined aluminum oxide particle is in the gamma,
chi-rho, or eta form.

3;12_ The method of Claim311 , wherein the calcined aluminum oxide particle was pretreé.ted
-with an acid activation treatment.

313. The method of Claim289:, wherein the acid comprises an aliphatic or aryl carboxylic
acid.

314, The method of Claim 289, wherein the acid comprises nitric acid, sulfuric acid,

hydrochloric écid; boric acid, acetic acid, formic acid, phosphoric acid or mixtures
thereof.

315. The method of Claim289, wherein the acid is acetic acid or nitric acid.

316. The method of Claim289, wherein the concentration of the acid is from 0.15 N_ to 8.5 N.
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317.

318.

319.

320.

321.
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The method of Claim 289, wherein the cross-linking temperature is from 25 °C to
400 °C. | |

The method of Claim289 , wherein the cross-linking temperature is from 70 °C to 150 °C

and the binder is colloidal alumina or colloidal silica.

The anchored adsorbent and/or catalyst and binder system made by the process of Claim
290.

An anchored adsorbent and/or catalyst and binder system, comprising:
(@) abinder, and

(b) an oxide adsorbent and/or oxide catalysf particle, and
(©) a metal complex,

wherein component (a) is cross-linked with component (b), and wherem the metal

'complex (¢) is bound directly to component (a) and/or (b).

A method for producmg an adsorbent and/cr catalyst and binder system comprising
()  mixing components compnsmg _
(@  abinder comprising a colloidal metal oxide or colloidal metalloid oxide,

(b) _an oxide adsorbent and/or catalyst particle, and
(©) an acid,

(i)  removing a sufficient amount of water from the mixture to cross-link the binder

with itself and/or component b to form an adsorbent and/or catalyst and binder
system, and

(iif)  binding a metal complex directly onto the resulting system of step (ii) to form an
anchored catalyst system.

131
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322. The particle made-by the process of Claim 321.
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