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COVPCSI TE PARTI CULATE MATERI AL AND PROCESS FOR PREPARI NG SAME

BACKGROUND OF THE | NVENTI ON The invention relates to a process
for preparing a conposite particulate material, especially a
conposite  Swparmoreul ate material for use in treating aquestTsusY&hosss ONS
and vapor phase systens, wherein the conposite particulate materi al

has increased effectiveness and resistance to attrition. Vari ous
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suscepti bl e agneous, Syaltlemsti@rﬂlscsp@eﬂf ivaVUl §, Pategpt Nooubie5df1ithe and @ary
mat eri al , compdﬂl't@h 1b§-é¥&‘1 a't'&ﬁ'lﬁ'@sfofwsi'nvﬁuﬁﬁ”ﬁiﬂ@é@s ide -
final qﬁ’ are uring pa gLn and shi ppihg of the product.
It is appare s zftedt A8 Hégd had ""r’ng"f‘oﬁ7 g ite particul ate
mat eri al3and a prb&ssPatentpiiep&, 277, samedmhelm'ses thg0preparabimoof &
particul ate é&iﬂéi&]e ionLeRbNdrfd na®e@liblii th€Fein porous partidids dferefore
the primary P bés%:c ayegewg{:,he Saennta&uré\é%rs]t L:as:.c material and subsegquently
sprayed with a concentrated aqueous acidic solution of a source |
of suitable metallic ions. This process for preparation is saiad
20 to provide a composite material without significant deposit
within pores of the support material and without encapsulating
the particles of porous material. In practice, composite
materials formed in accordance with the teachings of the 7931
patent have been found to be undesirably susceptible to
25 attrition. Specifically, large amounts of the primary material,
which is typically the most expensive component of the final
product, are lost during packaging and shipping of the product.
It is apparent that the need remains for a composite
particulate material and a process for preparing same wherein
30 the composite particulate material is resistant to attrition.
It is therefore the primary object of the present invention
to provide a composite particulate material and a process for
preparing same wherein the primary particles are substantially

. permanently bonded to the support material, thereby
" 35 significantly reducing or eliminating the effects of attrition.
- It is a further object of the present invention to provide

a process for preparing a composite particulate material wh_ich



to provide a conposite particulate material and a process for

preparing same wherein the primary particles are substantially

per manent .y bonded to the support material, thereby 35 significantly
reducing or elimnating the effects of attrition. It is a
further obj ecwoohmoite present invention to provide apOT/0Sy8A 6668 OF
preparing a conposite particulate material which . WO 97/ 00770
PCT/ US96/ 10668 is useful in treating aqueous solutions for the
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advant ages ate aqROusy sgplugiond, According to the invention,
process is provi dhdOlobjectBl &R ddirtatREPBF {:ﬁepﬁfééeqﬁl %@e{@igﬁ'v?in
whi ch process Al ﬁz the steps of "providing ‘a particulate pri

mat eri al ?Rﬁﬁﬁa‘e?eﬁf‘; P softenl ng tenperature; providing a

particul ate support material havi ng a support softening tenperature;
providing a particul ate binder @Qgg Qﬁ?ﬂﬁ&}ﬁ,ﬁq&bﬁnl ng ; thterrper at;Jre
which ig, ess th the mary. saft erature an e suppor
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According to the invention, process is provided for
preparing a composite particulate material, which process
comprises the steps of providing a particulate primary material

15 having a primary softening temperature; providing a particulate
support material having a support softening temperature;
providing a particulate binder material having a softening
temperature which is less than the primary softening temperature
and the support softening temperature; mixing the primary _

20 material, the support material and the binder material so as to
provide a substantially uniform mixture; and heating the mixture
to a temperature greater than or equal to the softening
temperature of the binder material and less than the primary
softening temperature and the support softening temperature,

25 whereby the binder material binds the primary material to the
support material so as to provide a composite particulate
material.

According to a preferred embodiment of the invention, the
particulate primary material has particle diameters of between

30 about 1 to about 200 micrometers, the particulate support
material has particle diameters of between about 1 to about
2,500 micrometers and the binder material has particle diameters
of between about 1 to about 150 micrometers.

In accordance with another preferred embodiment of the

35 invention,_the process further includes the step of agitating
the mixture during the heating step whereby the composite
particulate material remains in a loose, non-continuous form.

2



provi de a substantially uniform m xture; and heating the m xture to a
tenperature greater than or equal to the softening tenperature of the
bi nder material and | ess than the primary softening tenperature and the
support -softening tenperature, 25 whereby the binder material binds the
primary mnat erwelerm7d he support material so as to provime/gsseuseosi t e
particul ate mat eri al . According to a preferred enbodi nent of
the invention, the particulate primary material has particle diameters

of. between 30 ahuhodolSuRloWs ROBEELST 25 prPErPd | iR ppor
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the prior art; and
Fig. 2 is a drawing of a composite particulate material
according to the invention.

DETAILED DESCRIPTION OF THE PREFERRED ODIMENTS
15 The invention relates to a process for preparing a
composite particulate material, especially a composite
particulate material for use in treating agueous solutions and’
vapor phase systems for removal of heavy metal contaminants
found therein.

20 In accordance with the invention, a process is provided for
preparing composite particulate materials having enhanced
resistance to attrition. According to the invention, a process
is provided wherein a particulate primary material is
substantially permanently bonded to a particulate support

25 material in a manner which significantly reduces or eliminates
loss of the primary material due to attrition. A binder
material having a softening temperature lower than the primary
and support materials is used in a heat process t6 provide the
desired bonding as will be described in detail below.

30 A particular advantage of the present invention is that the
desired composite particulate material is provided having
K increased resistance to attrition without substantial deposit
within pores of the primary and support materials and without
® encapsulating the particles of primary material and support

35 material, thereby providing a composite material having



i nvention follows with reference to the attached drawings, - wherein: 10
Fig. 1 is a drawing of a conposite material according to the prior art;
and .. Fig. 2 is adrawing of a conmposite particulate materi al
according to the invention. DETAI LED DESCRI PTI ON OP THE
PREFERRED ENB@DIokiddies 15 The invention relates to a prCRUYSYE/10668
preparing a conposite particulate nmaterial, especially a conposite
particulate material for use in treating aqueous sol utions and vapor
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havi ng been found to possess an unsatls actory re51stance to attrition
and, specifically, such composite materials experience a large
loss of primary material to attrition during shipping, handling
15 and use. This loss of primary material adds to the cost of
using such conventional materials. '
Referring now to Fig. 2, the composite particulate material
according to the invention is illustrated generally at 14.
According to the invention, material 14 comprises a particulate
20 primary material 16, a particulate support material 18 and a
’ binder material 20 bonding particles of primary material 16 to
particles of support material 18.
Binder material 20 is preferably substantially permanently
bonded or adhered to support material 18 and primary material 16
25 so as to cover a relatively small portion of the surface area of
support material 18 so that support material 18 is not masked by
binder material 20.

_ P Y MATERT
According to the invention, primary material 16 may
30 preferably be selected from the group consisting of inorganic
hydrated metal oxides, amorphous metal silicates, zeolite and
mixtures thereof, more preferably inorganic hydrated titanium
oxides or silicates, inorganic hydrated tin oxides or silicates
and mixtures thereof, and most preferably titanium silicate, tin
35 silicate and mixtures thereof.
The pfimary material of the present invention is preferably
a material having a property desired in the final composite
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desirable properties, for exanple for treating agueous sol utions for
renoval of:1ead and ot her undesirable heavy netals. Wth reference
nowto Figs. 1 and 2, a conposite particul ate material according to the
present inveigwpomb! | be 5 further illustrated and conpar pdrisp6acess
conventional conposite material. Fig. 1 shows a prior art conposite

mat eri al having a primary material 10 directly applied to a support
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particul ate panrpﬂ)oulahatmha’rlm fandremoval dfi Agad.naofrecalrs] hondroys
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Bi nder mater, al r ef er.apl ubst ant | er mane onded or
adhered to s‘ﬁ‘b’ﬁBFi‘ ?ra‘f’gr?%ﬁv% gnaeﬁﬁ"h‘g §PWTBS2§‘¥’“°V% 8% fo cover
a rel ati vel yagtébulaorunwantsid coastitdente. ar ea of support material 18

so that support Eﬁt ﬂéb&d%é iu'%ﬂt tﬁésﬁ%ﬁﬁon thl Bﬁlﬁﬁaﬂﬁtﬁﬂe@iaaoma

PRI MARY MATERI A b 28 “b‘*‘l vention, l:y mat erial 16
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Slllcates IfLssg%nan o¥déé%a to abou£d§§ ﬁgcfgdéfg%ggs Within the stated
range, the primary material is preferably provided having a
substantially uniform particle diameter. '

20 . SUPPORT MATERTAL
The support material may suitably be any of a wide variety

of porous or non-porous materials and may also be selected to
provide additional activity toward removal of unwanted
constituents in a medium to be treated. Examples of suitable

25 support materials include carbon, especially granular activated
carbon; glass beads or bubbles; porous or non-porous volcanic
media; plastic beads or pellets; plastic fibers; wood fibers;
carbon fibers; ceramic media; fired or unfired clay;
diatomaceous earth; metal particles; ferro magnetic material;

30 silica gel; magnetic stainless steel; organic fiber; cellulose
fiber; acrylic fiber; silicon carbide and the like. A
particularly preferred support material is activated carbon,

. especially granular activated carbon.
The support material is preferably provided having particle
v 35 dQiameters of about 1 to about 2500 micrometers. Within the’
stated range, the support material is preferably provided having
substantially uniform particle diameters which are substantially
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and m xtures thereof, and nost preferably titaniumsilicate, tin 35

silicate and m xtures thereof. The primary material of the
present invention is preferably a material - having a property desired
in the final conposite .4
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product such as ion exchange capacity with a particul ar . undesirabl e
conponent or constituent of a nmediumto be treated with the
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in-.accordance with the present invention 5 for treating aqueous “sol utions
to renove umﬁﬁﬁ%ﬁ? eavy netals such as |ead, cadmum zinc,
chromium arsenic, nercury and the like. Particularly preferred
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t he stated nge, the primary material is préferably provide vVl ng
a H@ubs?%ﬁﬁ?éﬁay uni form particle dianeter. 20
SUPPORT NATERI AL The binder material may be provided in particulate form

having particle diameters of between about 1 to about 150
micrometers. Preferably, the binder particles are provided
having particle diameters of less than or equal to about 30

15 micrometers. Within the stated range, the binder material is
preferably provided having a substantially uniform particle
size.

The relative softening temperature or vicat softening point

of the binder material with respect to the primary and support

20 materials is preferably provided according to the invention so
that the softening temperature of the binder material is
significantly lower than the primary and support materials as
will be discussed below. Typical binder materials have a
softening temperature in the range of between about 250°F to

25 about 400°F. For low temperature applications, the binder
material is preferably provided having a vicat softening point
of between about 150°F to about 275°F, more preferably between
about 170°F to about 265°F.

PROCESS
- 30 The process for preparing the composite particulate
material according to the invention will now be described. The
composite particulate material is provided according to the
~ invention by mixing the primary material, support material and

binder material in selected amounts so as to prbvide a

35 substantially uniform mixture, heating the mixture to a
temperature sufficient to soften the binder material so that the
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The support material may suitably be any of a wide variety of porous
or non-porous materials and nay al so be selected to provi de

addi tional -activity toward renoval of unwanted constituents in a
medi um tq be treated. Exanples of suitable 25 support materials include
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provided having softening temperatures such that the softening
temperature of the binder material is significantly lower than
the softening temperature of the primary and support materials.

15 The softening temperature of the binder material is preferably
sufficiently lower than the primary material softening
temperature and the support material softening temperature that
‘the mixture can be heated to a temperature in the range of the
binder material softening temperature without adversely

20 affecting the primary and support materials. For low
temperature applications, the softening temperature or vicat
softening point of the binder material may suitable be between
about 150°F to about 275°F, preferabiy between about 170°F to
about 265°F. By providing a binder material having the

25 specified softening temperature characteristics, the heating
step can be carried out to the point where the binder material
softens and begins to adhere to the primary and support
materials as desired without adverse effect on the-primary and
support materials themselves.

- 30 In accordance with the invention, the primary, support and
binder materials are preferably mixed in sufficient amounts such
that the binder material is present in the mixture in an amount
of at least about 5% by weight of the mixture, and preferably

. between about 5% to about 25% by weight of the mixture.
35 In further accordance with the invention, the mixture of
N primary, support and binder materials is preferably agitated or

otherwise kept in motion during the heating step so as to
provide a constant media motion state during the mixing and
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Speci fic exanples of preferred binder materials include pol yet hyl ene,
pol ypropyl ene, ethylene vinyl acetate and m xtures 10 thereof.

The bi nder. material may be provided in particulate form havi ng
particcle dianeters of between about 1 to about 150 m croneters.
Preferably, tiodmader particles are provided havi ng paeinusdsaoses
di'aneters of less than or equal to about 30 15 mcroneters. Wthin the
stated range, the binder material is preferably provi ded having a

substanti al | o4y A Pr, gg{t | fibfierous ta%ipé?atg? pay be r}l}éﬁirz@tdauovﬁrﬂieem ng

tenperature or vicat s eni ng pol n mater|a
regBect to tﬁ‘é"‘br‘?‘?ﬁtﬁ“‘&nﬂ°§ﬁ%ﬁboﬂctﬂ?s Rabepted Qxumprdbboappixe¥ ovi ded
accordi ng tobklémdemwenexbouder apparadtais.t hThisfcamstant agtdoat herpoftd he
bi nder nat er | Wala TR YA DAl ' a t
materi al s asb@é‘réﬁtwﬁrﬂe ggkglg?é&ggi% %"é‘%ﬁa‘%{;pl ca"ﬁgslh%ygﬁ %ﬁ e??%%slqﬂ%\r?e a
sof teni ng t ekPesatRptveen iRdiy danfdches nof RiAnanyy @ BRPPEYP5  about
400[ err}F. hatexrind,! enpeebyuprovidina al sopstahtialliydn-contifGdesi al i s
referably p ' Vi ' e o] t ut
I350[ err]F tof’gﬁ%ut 53% g??fi,ﬂ#r%@ec%r es% grggg%&)be?fv\%eer?git%&iggoﬁ?e'{iﬁ%g’rr] F
t o about 265Pgr$?¢;m1xture is preferably continued beyond thgobegating step
The process for #t deasitng pbetiomosithe pinki fednpied formher hahtégcor di ng

to the higvenhidball o BANCRE1 085G [PAbuel"Eo ret b3 RAEL | cul ate
material is provided according to the I nvention by mxing the primry
material, supBBPErHYE i al and bi nder material in selected amunts so

as to provide a 3 fuxtheraatcatdanamividhmthexinventimat ithe hliging xdna e to
a t enPen@htify StebbChed! piee SR, e 10E NEIR JPLRNRLheR: L eddife
6 so as to reduce the éntry or deposition of materials such as the
15 binder material in the pore spaces of the priﬁary and support
materials, especially the support material, which pore spaces
are believed to be particularly useful in providing the desired
selectivity and activity of the final product for example in
treating aqueous solutions for the removal of heavy metals. The
20 mixing and heating steps according to the invention are
therefore preferably carried out as close as possible to
atmospheric pressure, i.e. in the absence of increased pressure,
so as to reduce or avoid such deposition.
In accordance with the invention, the particles of primary
25 material, support material and binder may be provided in various
different sizes within the above-mentioned ranges. It is
preferable that the primary, support and binder particles each
be provided having a substantially uniform particle size within
the respective range, and the support particles are preferably
30 larger than the primary particles. The appropriate sizing of
the particulate materials can be accomplished by milling,
sieving, grinding or any other method.
A quantity of each of the primary, support and binder
particles are thoroughly mixed so as to provide a substantially
35 homogenous and uniform mixture of the particles. As set forth
above, the binder particles are preferably provided so as to be
present in the mixture as at least about 5% by weight of the
mixture, preferably between about 5-25% by weight of the
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particles of binder material begin to |ose shape and becone o
sufficientiy viscous to adhere substantially all adjacent particles of
pri mary. and support materials, and either cooling - the mxture or

all owi ng the wdowtoure to return to anbient 5 tenperature wharoanysos/ingss
adhesi on of the binder material between the primary material and the
support material becones subst ant ially pernmanent, thereby providing a
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attrition a S°0 prfinmary materia I.ch occur
10 with corﬂ%rﬁW%H“él’q rﬁreﬁlé}‘gﬁ «;ﬁ Qified in a°°y°f “ﬁ?l‘ﬁ%\‘%pport
and bi nder nidsireri characpeeistixsd yof thepeodi lieddtkm| ng softening

tenperatures suc ﬁé@tthtehﬁaﬂiéfég e thoE%HBﬁifi‘tM:FedOf nkhe Dingss: {@d &d al

is significantly

tenin er atur
ind” sappbr ¢ g kT 58" agyko Aiam Wiy CERHEFATUE A LAAGRBITAES Yhter i al
i s preferablyevel whsidhf iisi bagher |then theasofhenjing nemperratyreabt stie eni ng

tenperature ﬁmdéﬁema%&%&t ahdt fdiedt, wéﬁhngytsmﬁwhelyhﬂwer, eddie
m xture can e ed fo %FHP% erature |

mat eri al- sof tani ?1 Fr4Ee fE eP§é1“§rg0anJ fPPBSFF nﬂag?@lﬁﬁ mary
and support Fatis mafrqterrlédr thaty the minthwrer euheatgsplticcat temperatire

sof t eni ?gblt e@igfélgt%’é Gheldir ‘th@aﬁeltmg i icR0 the) lginiﬁrzgwgénbt?lé:%im%xer | g:

may suitable e er Q0 abou err ef erably

bet ween about® %T rjﬁ:ﬂ 5’°1Y°Pe€% %1951[ F“li? FO\?F% Rg a %%}der

mat eri al havPreferrbls thecbeptiny sﬁﬁ%rﬂsngam?hﬁérm%rs@ @satackeep sthe s,

the h_ealtl ng tempeﬁia&é:asf ltﬁeCﬁiitLﬁ.Eb QHitHig hbeﬁﬁozsrt ofhehe EBet&hiwer

mat eri a 0 i ar s
e;g&%g&ﬁﬁl fn&& ﬂl{éx%latl sb ﬁn&’é £ 361%825 HQQé’Hal

materials as Ire verse

mat eri all$ t hR8S| HRS . S‘?ﬁ)‘e“ to th? PN hexee 1% Fﬂa‘gﬂé’ |fﬂﬂ9é'ﬁt aBd, m?ﬂés
prinary, supphetintérnal pdriesder ﬂaéepriaﬁa&-yalaadpgeﬁpdsﬁ&)mtﬁrxaMsL n

suf ficient amounts, such theothetg?f{‘%t& i nger g@?&ﬁféais IS s 5§%§Lrgﬂl t‘g

m xture in an anount asf about e m xt

and pr ef er abpgitated jin pagerdppge whkh (fl%?o&ﬁ't"eﬂﬁiﬁ’ﬁysmsgﬁf’ BFeVERE B2 ur e,
35 | nfbumatibon ot & dmmténuptd sttmagtmrent | 88, sethaxitht abevef the

20 heating and agitating steps are preferably carried out in
accordance with the present invention at atmospheric pressure so
as to avoid significant deposition of materials within the pore
spaces of the primary and support materials.

After the mixture has been sufficiently heated as to

25 provide the binder material in a substantially viscous state and
in contact with adjacent particles of primary and support
material, the mixture is allowed to return to ambient
temperature, preferably while continuing agitation or mixing so
as to further preclude the formation of continuous structures.

30 During the cooling and/or returning to ambient temperature of
the mixture, the binder material solidifies and thereby
substantially permanently bonds the primary particles of
material to the support particles as desired.

O

por.t

- . In accordance with the invention, it has been found that
35 the composite particulate material formed in accordance with the
. process of the present invention has greatly improved resistance

to attrition as compared to the material formulated in
accordance with the spray process of U.S. Patent No. 5,277,931.
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primary, support and binder materials is preferably agitated or

otherwi se kept in notion during the heating step so as to provi de a
constant media notion state during the m xing and

7 WO 97/ 00770 - '

PCT/ U896/ 1066®@0 9700770 heati ng steps. Nunerous apparatus nay peEraudesnoessd to
provi de such constant notion such as a heated drum ribbon m xer,

bl ender or extruder apparatus. This constant notion hel ps to pr event

the formation of Aaebkdlﬁenta %&?lé%b%hfiﬂﬁkﬂféﬁ awqwe%aon fetgpeen

di vi dual cl T ort e rovi di ng
:ans:J\tglst ;ﬁt | a‘?a"ir f&ﬁ?oﬁgt’:ﬁﬁfg n%%’ylaal 3[5‘37 E RRPLY é“?"ﬁ"f'aﬁalp F’ﬁdﬁﬁ?g 5% ed.
The agit ati creramigotippnexchange tnesiiai having s qussinptdilonypovet voluee lwfyond

the heating sdtkizen abb@t atoie@étab%ure%twwié %ﬁu&&&ﬁg%&f%ﬂ gohe.

heated 1 mxtur to be cooled or gllo fjo return to.a
t enper at t the reg TE'?J??I‘Fe‘?m FdH?l’E‘é"WJcarFec materiaht PRFECSSRS ni xi ng
and heatdesg.mbéps aatevptxefmdalﬁegenaratmh aharstcteirisspibar i c pressure

matorial in the focoraind €6 gRAR: P?‘Eg?‘“%‘?,ﬁ e A AGHnelol [ P PO
i

especial ly t??elgsﬁ?ﬂﬁﬁrigna’fﬁ??’é?bl OPROFY %/% %ﬁﬁﬁ‘égﬁate QPE%} P b be

particul arl yprepaired hipisingli tirariendozides or siddicatesvwiyh gulyedietint y

of the fpnalepigdyahifiar bEXASHEL £ drid withtéﬂdﬂg pn%‘i’{‘iﬁﬂéss% 6%&?\ Jgor the

removal of hea rretal g to the

ccor
i nvention ar® afhgf:g?g?ge%r%ﬁ‘ré’r"é‘dl ?gﬁﬁ?’r?éﬁe %RB?S Sla¥fyssible to
at nospheri c presagcerding tostil another meﬁdmeeﬂs@a phesinvention, ®meas

to reduce oroP\H¥ith S¢CEnECPLEMdtPANd support materials as set forth above
may be a zeolite material, preferably an aluminosilicate such as
15 Class A zeolite and the like, which may be impregnated or
otherwise provided with active media or ions such as calcium,
potassium, sodium and the like, or any other specific material
having activity toward a desired contaminant to be treated with
the composite particulate material of the present invention. 2
20 wide range of zeolites are well known to those skilled in the
art. Various types of zeolite having specific compositions and
mole ratios may be useful in accordance with the invention to
provide a desired characteristic of the end product.
It is to be understood that the invention is not limited to
25 the illustrations described and shown hefein, which are deemed
to be merely illustrative of the best modes of carrying out the
invention, and which are susceptible of modification of form,
size, arrangement of parts and details of operatioﬁ. The
invention rather is intended to encompass all such modifications
30 which are within its spirit and scope as defined by the claims.
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In accordance with the invention, the particles of primary 25 materi al,
support material and binder nay be provided in various different sizes
within the above-nentioned ranges. It is preferable that the primry,
support and binder particles each be provided having a substantially
uni f or m par twebge®@veze W thin t he respective range, andediuesoe1g8asor t
particles are preferably 30 l'arger than the primary particles. The
aplplroprl ate sizing of the particulate materials can be acconplished by
mlling, [ Nng or any other method. A quantity of
each of th % fiag B and bi nder particles are {horqughly myxed
so as to providéd-a sﬁbEFﬁﬁ??%lq%F mepﬂ‘éh%%e‘hcﬁ%“p(ﬂ?d-t&nPFﬁFh?%%re of the
particl es. maA®rdal,f eoimprisingilxmee stepe df nder particles are pref erabl y

provi ded so as r h r t
wei ght of the bgoggd%n?egg eralbtE Eﬁﬁ\%{éyﬂ a%u%tﬁl %(é?/?{}?/ wel g t of the

8 sof tenjndo ¥LHDETY ‘n’-’er

PCT/ US96/ 10668 providingxa upa'tﬁ’iﬂa}tei sappoxit desheprialt hpaibg cd emppsird up
t he hal anceg 4 rtQﬁ & whi ch can be nodified in accordance with
t he de reé’ arac er| stlcs of the,end product Once t.he

particles are t rR?Pé’&&HF‘? #i Rartigulate bindermarenial haying 3 spiFening ¢,
rai se the teemmrmiture ghitheisildsy ¢htn the primunt sdftehing tenghsratiiren

t he SOfte”'%&%l owe%%k’%e ggf{:gﬁmg t ggg{:uggt erial and lower, preferably

significant

nL ng erature t he pr ry and
support materl amixing the P’s’”ﬂ?’é\fé?art@a' FFlatﬂP‘ﬁg’P %&rﬁ%ﬁt%ﬁi {%‘%
"t enper at ur ebifMlervmiatierialnear as hieo medoviidg poslmbstﬁnitlhé.lm pdéfoxwmen t he

bi nder B3 ang @ pol yolefin or pol yam de pol ymer group. Most
heating the mixture to a temperature greater than or equal
to the softening temperature of the binder material and less
than the primary softening temperature and the support softening
temperature, whereby the binder material binds the primary
material to the support material so as to provide a composite
particulate material.

2, A process according to claim 1, wherein the
particulate primary material has particle diameters of between
about 1 to about 200 micrometers, the particulate support
material has particle diameters of between about 1 to about
2,500 micrometers and the binder material has particle diameters
of between about 1 to about 150 micrometers.

3. A method according to claim 1, wherein the primary
material is provided having a substantially uniform primary
particle diameter, and wherein the support material is provided
having a substantially uniform support particle diameter which
is 1arger-than the primary particle diameter.

- 4. A method according to claim 1, further comprising the
step of agitating the mixture during the heating step whereby
. the composite particulate material remains non-continuous.
11
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preferably, the heating step is carried out so as to keep the

tenperature of the m xture within about 25[err] of the softening
tenperature of the binder material so that the binder material 15 does not
soften to the point where it readily flows and nasks the internal pores
of the pri mar wosngorapport materials. During the heet/usvgnedsgp, the
m*xture is also preferably agitated in accordance with the invention so
as to prevent the formati on of a continuous structure. As set forth

abovea the 2_0t hf-aﬁti NG aienedi aeéét,mﬁat ?Bstciﬁﬁmpi,efvﬁ{éi@i\b eREM 66D Wi int
accordance e present invention at atpospheric, pressure so as to
avoi d si gni %%%Fﬁ“gd&&?s H‘P‘%HrSf PETRES ﬁ?pﬁﬂfﬁgn%?ﬂ%ir&)?‘ e mlx‘é‘bﬁ%e%t of the
primary and atpgephenist priegsyre. After the m xture has been
sufficiently heated as to 25 provide the binder nmaterial in a

substantially visgcous sta nd I n,.contact wth adj,acent particles of
primary and suppoqit A me&?&f’ar pgpording ko, £hpim; & affr}f SbergF%P % o
anbient - previbng the ppiwaryabdteniall eovprisesithe atiepabfoproviding rg
SO as t grimdréy Hatihrdahude1e8ced ¥roh tAB GfohP EdiiidtIng! BHCiﬁsf%nf@
During the cg%a&g%dand/tor retyrning to.anbien ie e,ratture of _, the

m xture, the MITEY SF188F) MRRhORR MERR e%@lma e5g, 58P LNt S 1 3RA
per manent | y Bi¥enreshdherieefry particl es of material to the support
particles as desired. In accordance with the invention, it has

been found that the_c site ticulate,maferi.al f.ornoed i1n, accordance
with the gr-gé'es s.liofm et?%gapf"ég%ﬁ?{'}%&gnf 8h™h3s ‘8?‘?&’1”&/ %ﬁp?ﬁmy
resi stance materinlytis iselestad £oomdihed groupheconsisting ofoinargamici n

accordance Whidrdtwl HitaniknoeRsged] ioPgaRdbeRyaPkted tih/ oR3des ana
9 a9 GHAREED

PCT/ US96/ 1068

8. A method according to claim 6, wherein the primary
material is selected from the group consisting of titanium
silicate, tin silicate and mixtures thereof.

9. A method according to claim 1, wherein the step of
providing the support material comprises the step of providing a
support material selected from the group consisting of porous

support material, non-porous support material and mixtures
thereof.

10. A method according to claim 9, wherein the support
material is granular activated carbon.

11. A method according to claim 1, wherein at least one of
the prima;y material and the support material is selected from
the group consisting of titanium silicate, tin silicate and
mixtures thereof.

12. A method according to claim 1, wherein at least one of
the primary material and the support material is a ceramic ion
exchange media having a desorption pore volume of between about
0.03 to about 0.25 cubic centimeters per gram.

12 I
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According to an enbodi nent of the invention, at |east one . of the
primary material and support material is preferably a ceram c ion
exchange medi a having a desorption pore vol une of bet ween about 0.03 to
about" 0.25 cubic centimeters per gramso 5 that the resulting conposite

particul at e nfRb®sbdrve possesses desirable activity and regarsesadssson
characteristics. Accordi ng to anot her enbodi nent of the invention,
a particularly preferable conposite particulate material nay be

prepared utilizing ti haﬂéﬁ?;&i”gé&%d‘ﬁ tb! fﬂﬁ? 1y meggw%ﬁé nlﬁ

pol., yam de bi nders cglport t| cles co ose
acti vated caﬁmdlé'@r §HFCP% F‘ 8T Jpafarial °°mprls$§c§ﬂ%|§ﬁfpc 8
still anotkmnrdﬂﬁﬂjmgwanbindetinahenﬂaﬂtsemectmﬁafrom &hebgrbupfcdﬂuisnmngary

o S0 P etaghe St oyl D ntpi AL R 1

preferably an U ass A zeo |te an
whi ch may bec’i'Yﬁﬁaéd'r’rQFeB° Lymer ang LespHRAeRdd with active nedia or

i ons such as cal cium pot assi um sodium and the |like, or any other

specific materialys, aNQutRga 3£ééd£:‘cﬁ¥xgt RYREYa fin dl%s' %@r&&!ﬂtéﬂér@éﬁp tgx be

treated with fhe conposite part te nater,al resen

i nvention. APERViding thgnparie e'1 é? Sremql%é’mpﬁjs?go?ée Femef in
t he art . prévidivgy by péndef medmnited Iseleofed phxcinf thec grpopi ¢omsis taimy

ol e ratios gRYpdRdivafilk, gowwaﬁd%mtﬁws 'ﬂi‘x\é%@b'fon to provide a
desired characteri'stic of t end product I's to be understood

that the invention is not limted to 25 the il Iustratlons descri bed and
shown herein, whi¥h akemdthoddaccordimgpgoneilaiy i, wheredni the oftemeohest

nodes of car ngamgt thta,eparti¢ﬁm iKihde?Nfla¥dit ) @dtpiﬁ%égpéh@@téﬁ of

dif dd
operat | on. _TRECVAST, o kindef faa Sl 10U A T erB8 ofs irips
rodi fi cat i onef Jpolydiihoienre pPlyPrranliens;i ethylent sdnyd asetaternd by t he
cl ai ms. mixtures thereof.

16. A method according to claim 1, wherein the softening
temperature of the binder material is between about 150°F to
about 275°F.

17. 2 method according to claim 1, wherein the softening
temperature of the binder material is between about 250°F to
about 400°F.

18. A method according to claim 1, wherein the mixing step
further comprises the step of mixing the primary material, the
support material and the binder material so that the binder
material is present in the mixture in an amount of at least
about 5% by weight of the mixture.

19. A method according to claim 18, wherein the binder
material is present in the mixture in an amount of between about
. 5 to about 25% by weight of the mixture.

. 20. A method according to claim 1, wherein the step of
heating the mixture provides a heated mixture having a
substantially viscous binder material contacting the primary

13
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10 WD 97/ 00770 ' PCT/ US96/ 10668

WHAT | S CLAIMED | S: 1. A process for preparing a conposite .
particulate nmaterial, conpri sing the steps of: providing a particulate
primary material having a primary softening tenperature; provi ding a

particul ate swamomper7omt eri al having a support softening tenper/esssneses
providing a particul ate binder material having a softening tenperature
which is less than the primary softening tenperature and the support

material tdwh Bnaes toe f‘%"“& t“‘*i“*“*“?&%"%'e%sub “"“? RO o m
materi a an e

m xt ure; é én@iﬁ‘?ﬂé“?h tﬁ%r% RIEAYER fPeamkieRhan or
equal to thetemnennﬂun; wbﬁpehnithqawﬁSQdms binder nattegriiadl sedddifies tdreh t he
primary sof t gondi) £rTReL Rhky Smatkh{1€ tHRRR' kusie Hatedighper at ure,

whereby the binder material binds the primary naterial to the support
material so as to provide a conposite particulate materi al. 2.
process accordi n2X.0 & methdd adcomling fte paainmc2d atfantheracompaisingltheas

particle di agedprer @lgikat\R§Nthe heated mixture during the step of allowing
the heated mixture to return to ambient temperature, whereby the
heated mixture remains particulate as the binder material
solidifies. '

22. A process for preparing a composite particulate
material for treating aqueous solutions and vapor phase systems
for removal of heavy metals, the composite particulate material
comprising a particulate primary material active for removal of
heavy metals and a particulate support material for supporting
the primary material, and a binder material binding the primary
material to the support material, the process comprising the
steps of:

providing a particulate primary material having a primary
softening temperature and having particle diameters of between
about 1 to about 200 micrometers;

providing a particulate support material having a support
softening temperature and having particle diameters of between
about 1 to about 2,500 micrometers;

' providing a binder material having a softening temperature
which is less than the primary softening temperature and the
support softening temperature and having particle diameters of
between about 1 to about 150 micrometers; .

~ mixing the primary material, the support material and the
binder material so as to provide a substantially uniform
mixture; and

heating the mixture to a temperature greater than or equal
to the softening temperature of the binder material and less
than the primary softening temperature and the support softening
temperature, whereby the binder material binds the primary
material to the support material so as to provide a composite
particulate material.

14
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about 1 to about 200 m croneters,—the
parti cl e diameters of between abou

. Q0 mcroneters and the
bi nder material has particle diame about 1 to about 150
m cr onet ers. 3. A nmethod acc ‘lﬁ 1, wherein the prinmary
material is pwowrged havi ng a subst m pri mar yPEEOS%/18668

diranet er, and wherein the support material is provided having a
substantially uniform support particle dianeter which is larger than the

primary particle £ amgt %Bmposn:e é‘rticu&a@t Hﬂéefféfi)r Q'etmgvﬁhg lgé
f urt her corrprls%ggqthe steg g&;r ating {ture urlngt eat’l ng
step wher eby®etdts 08, 2APEOPS FP ¥HQ§'WEPEPF $#19%tai ns non- conti nuous.
WD-97/ 00770 a particulate primary materiaP(C5éelS96Ged (iisth the gr&up A
method accor dbpgidtiny %'f”hiaor&@ﬁié"ﬁydﬂﬁze&t ﬁQtQi 5284449 dulde pHbus Ulﬁ@l:al
further conpri ges heat i ng Qe mvﬁt uye at ag:go grl C pressure.

A nethod accBFFRFSy &R SPEFTILST. Fﬁg { providing the prlnary
material conprises Hdm:muéptef syppor tineexiplinamgd material selected from
the gyoup consi Sté %ﬂ:fidu'iali:ﬁaﬂiﬁd&y diztiead aTBh@hePEd &S +LHETRERRRYY et al

silicates, ZeOL f%l £e§u££§¥t material for bonding the primary

material and the support material whereby the composite
particulate material has enhanced resistance to attrition.

ar-t L,UI at e‘Upport mat eri al has

]

24. A composite particulate material according to claim
23, wherein the primary material is selected from the group
consisting of inorganic hydrated titanium oxides, inorganic
hydrated tin oxides and mixtures thereof.

25. A composite particulate material according to claim
23, wherein the primary material comprises titanium silicate.

26. A composite particulate material according to claim
23, wherein the support material comprises granular activated
carbon.

27. A composite particulate material according to claim
23, wherein at least one of the primary material and the support
material is a ceramic ion exchange media having a desorption
pore volume of between about 0.03 to about 0.25 cubic
centimeters per gram.

28. A composite particulate material according to claim
23, wherein the binder material is selected from the group
consisting of crystalline thermoplastic polymer, thermoplastic
polymer, crystalline polymer and mixtures thereof.

22. A composite particulate material according to claim
N 23, wherein the binder material is selected from the group
consisting of polyolefins, polyamides and mixtures thereof.

. [mis sheET Has peen }
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7. A net hod according to claim6,—wherermthe primary material is
sel ected fromthe group consisting of i or |64 hydrated titani um oxi des,
mreof 8. A nethod

i norgani c hydrated tin oxides.

according to claim6, wherein t rial is selected fromthe
group consi st waer@b77di t ani um si | i cat e and m XpUtesoerbéss cof .
9.+ A nethod according to claim1, wherein the step of providing the
support material conprises the step of providing a support materi al

selected fromt hes@r OUR Wﬁﬁéﬂ@&h@ﬁi&&@ Rkl HBESFAflg 10 1RROUS

support mat er. ur s t hod accordlng to
claimo, V\heréel n e%ﬂp%%?fb 35r ?"3 eFéabrh%lﬁ%“&EHEGﬁ?’éd%mp

11~ A net hod oenedstiing o6 pelvebhylenger polypropydase, oathplendierimyilmar y
materi al and ddetatePRAd nitWds eheFesgl ected from the group consisting of
titaniumsilicate, tin silicate and m xtures thereof. 12. A nethod
according to claiml1l, wherein at |east one of the primary material and the
support material is a ceram c ion exchange nedia having a desorption pore
vol une of between about 0.03 to about 0.25 cubic centineters per gram

12 .
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A net hod according to
parti cul ate bi nder ma
material selected fro
pol yner, thewmpl@astoi
14. A method accordin
particul ate bi nder ma
material selected fro
m xt'ures thereof.
step of providing the
previ ding a bi nder
pokyet hyl ene, polypro
16. A nmethod accordin
bi nder material is be
A et hod according to
bi nder material is be
met hod according to ¢
step of mxing the pr
material so that the

mag

S PCT/ US96/ 10668
claim1, wherei.n.t.he.step of providing the
terial conpri“ées the sté&p of providing a binder
m t he group consisting of crystalline thernoplastic
c polyner, crystalline polynmer and m yicusssiebe cof .
g to claim 13, whergyn the step of providing the.
terial conprises the step of providing a binder )
m t he group- consisting of polyol efins, polyam des and
15. A nmethod according to claim1, wherein the

13.
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s Beon Replacedh ¢ ot | east about 5% by
wei ght of the m xture. ccording to claim 18, wherein
t he binder material is present e in an anount of between about

5 to about 25% by wei ght of 'the m xture. '20. A method according to
clLaim1l, whewe&r/opt7@ step of heati ng%n&&#ge provi des @cihamsbeess xt ur e
havi ng a subs gg]_';i VESC RS-l D GET | QALABL ' Y .

13 V\Z) %&%ﬁ,ﬂ% - =1 ' 3b 20 1908 r@gg?/'@gw 10668

o riginal claim 23 amended; new claim 31 added;

mat er i al and the suppor t n@&ﬁshﬁ{g,cmﬂsfma@@acmgegmg the step of

al | owing the heaged i ddiipbdite’ phrtichlatbhgbér iLITMNA eV Bakvihe
Vi scous bi r]‘g%[_ #mtigrl al_solidifli ﬁi} and bonds tﬂe.‘?r.l mary material to fhe
support mat a3e rom.a us go FHSBSaCESPHF 3" % claim20, further
conprising the A qaxfiicwiate primany maserdahi selecteflfinoy the srempof

al | owi ng t heoREpdthdiod Wribriganie! HyBrheeaNhoal SLIRE 2 laticphdie Sletabhe

ggﬁt 2dprg1;))éteésj£f#%§?tn%?i'2;’ae? r ie;lél gﬁﬁaggp%g%a%gggégﬁt erial solidifies.

material is present in the mTJ%F1

a particulate support material; and
. a particulate binder material adhered to the primary
material and to the support material for bonding the primary
material to the support material whereby the composite
10 particulate material has resistance to attrition.

24. A composite particulate material according to claim
23, wherein the primary material is selected from the group
‘consisting of inorganic hydrated titanium oxides, inorganic
hydrated tin oxides and mixtures thereof.

15 25. A composite particulate material according to claim
23, wherein the primary material comprises titanium silicate.

26. A composite particulate material according to clainm

23, wherein the support material comprises granular activated
carbon.

20 27. A composite particulate material according to claim
23, wherein at least one of the primary material and the support
. material is a ceramic ion exchange media having a desorption
pore volume of between about 0.03 to about 0.25 cubic
centimeters per gram.

25 28. A composite particulate material according to claim
23, wherein the binder material is selected from the group
consisting of crystalline thermoplastic polymer, thermoplastic
polymer, crystalline polymer and mixtures thereof.

29. A composite particulate material according to claim
30 23, wherein the binder material is selected from the group
consisting of polyolefins, polyamides and mixtures thereof.
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material for treating agueous sol_ugig_rl]g_gﬂd,_v_a.;mr_—phase systens for renoval
of heavy netals, the conposite particulate material conprising a

particulate primary material acti \mnsfsmmt dheavy netals and a
particukate support material for su rimary material, and a
bi nder nat eri avobyswiong t he pr| mary e support p@,t,@ggh,@dsssthe

process conprising the steps of provi di ng a particulate primry
material having a primary sof t eni ng tenperature and having particle

di atmet elr st of betwesy a?@@om%ob&tébﬁﬂi'tf&ﬁiﬂ& rﬂa&q&;, accordi’ﬁ@t‘&cd'd’l&lail
particul ate syppor eria g g an
having partic (c)thaenget‘a1 §Ih§f bﬂ'gﬁﬁg ﬁg\%%%ﬁ&fﬁ Sseé.g%&gﬁ fgg’gpﬁlﬁ%r ers;
provi ding a mmsﬁmgeﬁfaPORX$thU1an§of!@W:aﬁﬁhklm¢cﬁlmsl | ess
than the pringsetestd apd md xteFRe’ ehef&ofNd t he support softening
tenperature and having particle dianeters of between about 1 to about 150
m croneters; m xing the primary material, the support material and the
bi nfcler maSeri al s@ilas iho composdteapanbitculdte natenialoascording cto aridim
heating the t i ng
O”??ft lr?éﬁb gath%”BSﬁ]BBFE gﬁ Eer a:h'ﬁ}: Qhnaftal LQsi%’?‘ar?éH b=k

~ tenperature mat er ry softening
t enperat ure oMEFXR %GﬁoFP‘“QBFFQn'Fﬂgat tl\mgrﬁﬂ di hinderer

material binds the primary material to the support material so as to

provi de a conposite particul ate materi al..

14 23. A conposite particulate material for renoving

heavy ' '
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metals from aqueous sol utions corrprl si ng : particul at ezg“ mary

‘material selected fromthe group . . gonsisti n@@T/Ub % /6 h

.met al oxi des, anorphous netal 5 S|I|cates 'zeo 1te and n1xtures t her eof

a particul ate support material; and gggﬁ/q,s ate binder materi al
adhered to the primary material and to the material for
bondlng the primary material to the support material whereby the
conposi te 183-paft FEEP@?%“%BR%‘F‘?H“% madiestiadc o orameVing cheavy

24. A @R¥R0SI reoﬁaaqwuh@t@omwns% ' "1@1&@ sto.cl al m 23, vvher ein
the primary mateé g sel ected fartom.g:i %1 UR 3 gﬁl stin

i norgani c h?d?gf a"H? i A 30 848 S 95, ng & ﬁ?ﬂ 8917 OXI des and
m xt ur eonslheténg. of 1Borganic Jydratesh medsilt @xidesi caharphaus enetial

acaor dighe jEatekal Qféohte 2§nd Viﬁ&?:ftﬁiz‘?eé hﬁ:diféo'fﬁfy material conprises titanium
silicate. osite partlclate material according to

claim 23paﬁﬁé?%}ﬂt?h%p Materialiis@n@npri ses granul ar acti vat ed
car bon. Oa parti@ulaté bimpasinatedal adheredmtbethel patmargi ng to claim
23 wh sf.0 0, I I tREeS

{1 BERR181 2R bo e RalplSd WdBR T ekl Bonifly BePpRERALY |
volunemétegéﬂﬁeﬁﬁ ﬁbeusunpqnﬁtmatﬁnmnl(wngye@wbtbe Compeéhtﬁneters per gr am

230 par£8culAtE0HRESH1 L1 Pdd I8 tarivd ¥d aet2deqbding to claim 23,
wherein the binder material is selected fromthe group consi sting of

crystalline thernopl astic polyner, thernoplastic pol ymer, crystalline
pol yrer andznixtareempheie@fparticulate maméria1canposdﬁagpaot¢luim1e

mat eri gh, agherdiA%the 5) Ahdly material is selected from the group
consisting of inorganic hydrated titanium oxides, inorganic

hydrated tin oxides and mixtures thereof.

15 25. A composite particulate material according to claim
23, wherein the primary material comprises titanium silicate.

26. A composite particulate material according to claim
23, wherein the support material comprises granular activated
carbon.

a0 27. A composite particulate material according to claim
23, wherein at least one of the primary material and the support
material is a ceramic ion exchange media having a desorption
- pore volume of between about 0.03 to about 0.25 cubic
centimeters per gram.

25 28. A composite particulate material according to claim
23, wherein the binder material is selected from the group
consisting of crystalline thermoplastic polymer, thermoplastic
polymer, crystalline polymer and mixtures thereof.

29. A composite particulate material according to claim
30 23, wherein the binder material is selected from the group
consisting of polyoclefins, polyamides and mixtures thereof.
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30 23, wherein the binder material is selected froth r '
consi st ng of polyolefins, polyam des and m xtures Pljié'r/y# 916 /1 0 66 8
5 - - : 30. A conposite particul ate na’PEgﬁiuﬁccording-to
Claim * 23, wherein the binder material is selected e group

consi sting of polyethyl ene, pol ypropyl ene, ethyl ene vinyl acetate and
m xtures thereof. 5 .. 31. A conposite particulate material according
to claim 39. wheremposhte chabeirulatmmateriiaiaacepndingdteesiaimnce to

attriti @a,ayhe@eRAr et BiAdERI RateFidi 1HD We1%ritddDiEREAr the group
consisting of polyethylene,. polypropylene, ethylene vinyl
acetate and mixtures thereof.
5 '31. A composite particulate material according to claim
23, wherein the composite material has enhanced resistance to
attrition as compared to a material without said binder.

U



16

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION |
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

oA |
\P0S

P b

FLE
PP

(51) Infernational Patent Classification 6 : (11) International Publication Number: WO 97/00770
: 29/00 Al .
B32B 5/16, BOID (43) International Publication Date: 9 January 1997 (09.01.97)
(21) International Application Number: PCT/US96/10668 | (81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY,
' CA, CH, CN, CZ, DE, DK, EE, ES, Fl, GB, GE, HU, IL,
(22) International Filing Date: 21 June 1996 (21.06.96) 1S, JP, KB, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV,
- MD, MGV, MN, MW, MX, NO, NZ, PL, PT, RO, RU,
SD, 1, SK, T, T™, TR, TT, UA, UG, UZ, VN,
(30) Priority Data; (KB, LS, MW, SD, SZ, UG), Eurasian patent
08/493,348 21 June 1995 (21.06.95) Us (AM, AZ;BY, KG, KZ, MD, RU, TJ, TM), Buropean patent
(AT, BE, CH, DE, DK, ES, Fl, FR, GB, GR, IE, IT, LU,
MC, NL, PT, SE), OAPI patent (BF, B, CF, CG, CI, CM,
(71X(72) Applicant and Inventor: LISENKO, Robert [US/US]; 151 GA, GN, ML, MR, NE, SN, TD, TG)
Sandquist Ciscle, Hamden, CT 06514 (US). _
(74) Agent: COURY, Gearge, A.; Bachman, Lapointe, P.C., Suite | Published ) :
1201, 900 Chapel Street, New Haven, CT 06510-2802 (US). With international search report.
With amended claims.

| Date of publication of the amended claims:

6 February 1997 (06.02.97)

(£2)] Tifle: COMPOSITE PARTICULATE MATERIAL AND PROCESS FOR PREPARING SAME

(57) Abstract

A process for prepating a composite particvlate material
includes the steps of providing a particulate primary material (1
havingapﬁm'ary soMnhg.anemm;prwidingaparﬁculate
support material (18) having a support softening temperature;
providing a particulate binder material (20) having a softening
temperature which is less than the primary softening temperature
and the support softening temperature; mixing the primary materiat
(16), the support material (18) and the binder material (20) so as to
provide a substantially oniform mixture; and heating the mixture to
a temperature greater than or equal to the softening temperature of
the binder material and less than the primary softening temperature
and the support softening temperature, whereby the binder material
binds the primary material to the support material so as to provide
a composite particulate material.




