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TO WHOMITTUARSONIFRN: t hat are used for detritus from
chem cal or electrical processes, for exanple, the

renmoval of radiumfrom quench ponds and the renoval of
mercury and other netals fromconditioned water fromO
manuf acturing sites. A major problem associated with
such "cleaning"” nmethods is the ultimte cost. That is
why many net hods have evol ved that use conpl exi ng

. agents and the like rather than fillers as filtration
medi a, as sone of these conpl exi ng agents are capabl e
of being reversed, that is, after the netal, for '
exanpl e, is sequestered, the process can be reversed 5
to collect the sequestered netal and either reuse it
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or concent r aB&GK \ 'Q%osal nmeans
%iﬁEe ﬂIeblatgal'm@eé kher Ba.@ﬁeéna'ﬁlnq?ﬁ'g%&ﬂta@f?%ggw?tg?eéag@ to

escribes a nodern naterl 'S us
providingunédnscaidi methodls teaciean aintamimahts droon watea) especialdys lakes, ground

st reans, and, f or e separatipon and i.dentification of,
water, s boTisp Bl HAALHOR DG PO ATEE Y Fband sipeims, there s a
great nef@ﬁf&rﬂa@ing the Rapatifity for¥RESHg WARTAND HEE Hetiskl Bridefritus

e layers are covalently bonded 't ogether and erein
from cherhizsahoneednvialprabessesa for axamples the semvyabiefttadions ibimdquench

ticul ate substrates. There js.also a.sysfemfor
ponds argfihe réofyl W ReR P st orheacalsdrfin shnftrtitvetr fomons
manufadtlidg sifesenbodi ed in two patents that issued to
Rosenber% and Rosenberg and Pang, respectively. The

A imajer problgnsasspgiatad with sod “‘wizanngzimethedsdg ﬂmetdﬁ'maccm.
. i 9
That is 0 aR) IndlSaERENolveg Hhab s BoriPlexing 38ned 484 Wk rather

than fillers as filtration media, as some of these complexing agents are capable of being

‘reversed, that is, after the metal, for example, is sequestered, the process can be reversed

to collect the sequestered metal and either reuse it or concentrate it to provide a proper
disposal means for it.

Campbell, et al in U.S. patent 6,803,106 describes a modern material that is used
for purification of waste chemical and metal process streams and for the separation and
identification of proteins, peptides, and oligionucleotides. This material is a multi-layered
macromolecule wherein the layers are covalently bonded together and wherein the

macromolecules are covalently bonded to solid particulate substrates.
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deal wth a process for renoving ions of dissolved
heavy netal s and conpl ex heavy netals fromvari ous
wae00at3me usi ng an activated surface that is BPEEUS2009/002784
reacti on product of a polyamne with a covalently
aHelho ' Wolal-1IgN j t viel ds ...
noncr gs,:égﬁ %i%(%% no 3 ?tgwt%ioq'tg%lé %%‘?h&l%(tlﬁ lnsci? e} rlfé}“d sofutions
that is ehbodied in vopyents st issuediceR esehbsrgahd Roketberd ind Bang,

st 0l 108 BB R S5y, g omt
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Figure 1 is a GPC analysis of a 25,000 nol ecul ar
deal wiffoa gracepofoy semgyiag éonsiafdisselveddeavyhmetalssandaomplexf heasty

R O T
polyamfnegwith alcoghlefitly adhorditrEundtivaahdsirbeny st eicht el et it

;ﬁgase together with the sel ected hydrol ysis catal yst
AMIRR EFouRs &0 thish fupgtiangbchglatpr groppyieangbesgavalently atteghed.

crosslin
: ' . ' . phase. W th
15 P ORISR S b RO oo o
forth bysthe\paeptédsehqreinymer is cross |inked by unreact ed

['inker in I NV ' cess _herein. Figure 3 is an

over | ay of#ﬂiﬁt ﬂ)e‘féj&ﬁﬁ'f%ﬁ’ﬁi THERRANNESs on

PHIROS imi

PHLROTFs oMy b 2 B0 Rl e B A Bjine
polymer Hut iseabt\grafted thenpenbitrate aid iaselublain thsreatti@cwater plmse.

2 B ol AR S

added t&waterpHaSdivigBlhe v the §IEHEEhRIrbS/sR cHRARIE hhPRniQk aAd then (b)
silica particle treated according to the process of

the silicatpilas graftedlinker han deen ren®ved ledvingsa tleardiquer phaseeyith a défined
t in f the .pol,ymer to .the silic

excess oo AERAER 1AREL Lferly 08B0 1N TRfwrhh i Bfosf iphefby
unreact@blinkes iaklgnigvemtreRbsgseheeitai ns, and Jj is the PEl

E_ol yner chains. Figure 7 is an illustration of the

1guTe A 13 eYeelay ahitignre Aeandifigyie 240t eqnparisan @uimesesPE

PRUATE ALUORAEY e i) W By REATH e

the PEI 33 teiacimdamith thk@ehdony sikmeythhi i attibhied td kidich.i near

osenper ol yner.Figure 8 is an illustration of the
g{%f‘%%l‘%/%ﬁ&‘eﬂ%f‘ﬁé g% theeeremisineot R oieaberind S Patent

5,695,887 Aeldin Gl a lg'mngg;&ghrrent to a siliceous substrate
Is not shown (see Figure 6). The intertw ned wavy

Fignes6 16 adepictinn ofcl silien paticlancstedricgurdngdoitke process of this
inventio&ﬁ&%%gﬁlg(t) % ﬁ%gil?ga p%rt?cqg,lf 93 t g%ttg(%lnlljerrrl? pg)lrn?sacgfl tﬂg p&%x%? {o the

silica surface by linker molecules,@is the cross link points along the polymer chains,

and ¥ is the PEI polymer chains.
Figure 7 is an illustration of the silica particle with the silane attached and the PEI

polymer attached to the silane linker as an example of the Rosenberg molecule wherein

the hyperbole S is the silica and the long wavy line W is the linear Rosenberg polymer.
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solution wherein there is used a 10 wei ght % pol yner

bound to 100 mcron silica. Figure 10 shows the
webkwvitgm4e©f 100 ppm of Cu as CuSO t hrough a coP@DER1000002784

of thi S i nventi on which is a silica substrate having

ht°/ 250 nm c silica wherein
tzll'cq)‘g fsrf’é‘(;‘ t’son ‘13 “\/’gﬁtﬂéy‘F‘Fh%‘%" Osthe éH%Pft Jnker and
crosshﬁ@&? 'ﬁé%ﬁh&)rﬁémo h iRy S fuBSRO % fdt 'Qrﬁowﬁ: 9:@ ?ns)]l‘l%

hi stogram of the test results from Exanp
lntert“mt’-d)wavy aniJY@relmelpgl)mldnssam am of the t est r esul ts

8ol B isrsainiPot Geached by b atine cdarer svigtite

solutioh4Avisdteinthére §s Gl ACRBRAIY% i)@@tnférr SboﬁﬁdStbCl OU Bitkrih Ellﬂci he

various netal s when usi a gra te po ynmer of this
i Figaret i Govhowssheekation of \M\%‘? 135 Qi thrangh o qorrmsmon of
. S ts f
s 0 ) AP o Sy R B

micronhsilbtta)g'hammnhe tobhdinite akisrig SWoiwsnd flaxrinxnéahe tﬂe4Absc1ssa is time
Reactive Black 5. Figure 17 is a histogram of the test
in days/ruapingdime.om Exanpl e 14, for Direct Red 81. Figure 18

35810 2045 1 KPR R PR o

diigaiedfad admsdogrami ofsbe test resultsi froro ixamphbo tl, semple K-0P2.

t. f tt wh it
ISR ode S oy Fomba dels THors EABTBl Lol s on the
FighrdA2; shawb Mhe/diBplaSchfe FRA0rs hEBClaRQl \Qﬁl‘i’tﬁé Va8 fletdMwhen
essentially of a water soluble polyne a_wat er

using aﬁafﬁ@ﬂ polyniso o thas invemfica, @@h@ly, é wigkghe ‘Vp@m ¢h@micran silica.
cohal 0 | na
EFI1$ q 5 1§' g.]nﬁs%%aﬁ% (Rrrgfr]é/ {.Tgt rgﬁuee} 1S Trom ? d K d esctllwgarange 16.

SHl;l_th@GGLi§ ahitsdramtof thytest resdlgTeorh IBstlﬂnlpga MRRRAE@Re Black 5.
havi ng _the general fornula that is derived from an

zfll%éﬁ Tiizpdisiemram ofitheieat resulis feom Sxramples] 4 fier Y Red 81.
lelg i§ m%o@tr%gﬁ el BRI f%lﬁé@ﬁﬁf)?erpﬁgoggﬂﬁve data.

|ngfrom on at ons I'n“eac
_hydrocar bon group ha\HEgNMENfTIDNo 6 carbon atons, X

functl onal oup .selected . fromt gr oup
s whatiy dsplosssbaast Caimedderein %9%@?@%@@ IS afpmposition

of matt%ﬁ@mnﬂh'e%bmp@ﬁﬁ%ﬂ Qgﬁﬁﬁf’@es ﬁlN&éoﬁ%ﬁ}%ﬁaérlﬁvgﬁg sflfagﬁs on the

I's a residue froma functional group ect ed
surfacef a pni}inlrmf sgkeotgp froom Siegrovy cafsistipg )cysenhdlwqunwater soluble
polymegfﬁqu»}élc b?%ﬁ(\&/ﬁoz%lp?r ?flrélnaq]gdho?sol},/l{)le p% ym r Ma cohol soluble -

copolymer, and combmations of such polymers.
The polymer is chemically bonded to the siliceous substrate by a silane linking
material having the general formula
03,S1QY
that is derived fmm an alkoxy-functional silane. The silane has the genc_;ral formula

(RO);SiQX
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The incipient anbunt of the silane is 0.1 to 25 wei ght
percent and the incipient anount of the polynmer is 0.1
w0 2009503weé ght percent, both based on the wei gheCDiS100002784
siliceous substrate. Any excess silane is reacted with
c on. t I r that are not
whereiptif § Bdnokfivfth SRR RDingforR 8 BiarSateno R i ash case isa
hydrocarbdrc@@up having!tffomh 0,to Gft@rtj@mal/dfﬁi X her Rhytidigil ?ﬁ)up selected
crosslinked_ on or near the surface of the ymer .
from thg, gronpcopsisiiRg Pleioxy+ dogen; @e@awé%e%nxlomweﬁém; ng a
phospfﬁ{ngfe::'1 cls:fg?llﬁpﬂ%éz 3 JBidE] hald ?s &&%mu‘é %?In)/ a mgl%galtg?oﬁp selected

sur |ceous su Sstrate.

from thn)gnqmupsceaswt&ig cbﬁﬁyoay,ptatkmhemmhnet@ImmuWI a)ﬁuwa:ilgn in a
acti on vessel stirring. Thereafter, adding a

phOSp%"é‘E?ets m%aaﬂﬁw}{’p “of a hydrolysis catalyst that is

an]eo.rngem&‘ affoufls oft 1AE sPARA0 0 t@eJ'S(ive'ilet' ep%gcefnf 2 thelifkifient

carbon atons. Thereafter there is a a
amounpoed@tmdymtrreld OalntoLtk weightgpes¢dnit, botlu bassd s ithatveightiof thg
siliceo '-]3’ trat R %noes nd .t hen dd'hnﬁlsa redet erm ned

Uiy Sheletsr Aoy Rt sl f Rged P g of (geolymer
that ard hétkitiizeddd Elidnaically’BéhdSthe dOB/niet wath Bk %mé}éo‘isusj%hké%@ ahe

silane having the general formula (RO 3Si QX wherein R
polymqrgherehy §eime cresshnkgdoupornear thg strfaen af thepelyswrbon

k rom O,to 6

I Bt el Boini S 05 R10E ok 81D R AT pfmer

that is ¢Henmichliyebgidedpo densirfate 0fa sific@RRXubstiatd. qhe hrocess comprises

mst,?%cryl at e Vi nij am ne, allyl, phosphonate,
hedtmgs%y siermmed ampustpf waler Ing rsaglipn %f'rsﬁﬁlh’@ s&mmm Thereafter,

g 0L SSROGHEGALT kAL LAY L AIOALL
orgamcsaméhaﬂdgffromrﬂtma cgrbon@t@onsi sti ng essenti aI ly of a

er .sol.ubl e a r sol ubl e ol yner,

A BiagRT Lisre 51 Bed  prrdelerifed oot Sbop o0 Suiisiaing
reactiv@SithrioM dHd akh addingh phéteberMPediicunt Ehﬁla%efcbﬁ;snﬁ ent to

conbination is stirred for a period of tinme of
providehsilanedinkingmateriah Thespancais an alkokysfonctmdabsilane bsvmg the
o n the incipient silane is present in the anount
eneralvi‘]arlau% to 25 weight percent based on the anmount of

si liceous substrat@pdiQgwerein the silane is present

in an excess with regard to the total amount of
whereipd st 3 drecarhem groyp hapmgdrons fhdo §jcarboaoeiemsuQgs p avérocarbon

group h-gt}ﬁ‘{%eﬂbrﬁ 0'%le %95*%%@259&9?@@@&@&?}54 gc'roﬁp Q 19GEF % {n Othe

a cross em ca
group cbﬁﬁd*&ﬁlg bbepdxg, Balogag memliacﬁylsuej Via gl Hsirsy bﬁylr plxc&;phcbr{aee

rocess conprisin
styrlamme an sul%dgp g

A predetermined amount of silanol condensation catalyst is added along with a
predetermined amount of polymer, the polymer being selected from the group consisting
essentially of a water soluble polymer, a water soluble copolymer, an alcohol soluble
polymer, an alcohol soluble copolymer, and combinations of such polymers.

Thereafter the combination is stirred for a period of time of 15 hours or less at a

temperature of 100 °C or less, wherein the incipient silane is present in the amount of 0.1
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heati ng a predeterm ned anount of alcohol in a
reaction vessel with stirring, wherein the al cohol has
w0 e@ai11708© 9 carbon atons. Thereafter, addi ng BCT/US2009/002784
predet erm ned anount of a hydrolysis catal yst sel ected
. r ' Cj [ £ 1 7_carhon at.o and .
to 25 gkt ik S bSecnhe UELAELS R bt Ag R PR e e i
presenCianaen@ass wih egdand ysthe tditabamon OF featGvesi@el @oups of the
. redet erm ned anount of siliceous substrate containing
siliceoppshsirgle- si | anol s and a predet erni ned amount of silane

; . . . : on
B R e L
that is éhdnsicallhpolndedap blenswyfaoe pf hailicagusfsubstrate, tthe proceysomprising
. atons, is ,a hydrocarbon .group having fromO to 6 .
heating2% PIRCRteE IR STUiR: 4 RGOBPLADA AR GOBIIh Slings wherein the

alcohof A&Mréha @rPURb&PRSINS! | Ng of epoxy, hal ogen,
nmet hacryl ate, vinyl, amne, allyl, phosphonate,

Theeglit¢randding a pretletarminedeamatng p€ahydno)ysiscutalygst aelected from
.predet erm ned anount ,of pol r,,,the polyner. being 0O
organi AEAEDFAR RS FHSY Brobtih Rl addip b P hing S st of 2

silanol WBA@InsedEdtAypol ynmer, a water sol ubl e copol yner, an
al cohol solub?e ol ymer, an al cohol sol uble copolyner,

Theyn gheze iddlad iagredeggring Qi 9k pidiceomissubwra erntaiomgi s
. . i f . i i . .or., | .
escivd BB LAL £kl RS Gln a8 Sl BB R iR Rine

an alkoak-fpattjonat silanediavingabel gersepdlformaile i s in the 5 range of
P.S wherein Pis 0.1 to.50 and Sis 99.9 to 50,
wherei n the incipi GRP18i%ne i s present in the anount

wherei R O e o £ o6 PR e84 inflocarbon

group hayiny feeraril toi hcarhoreatoassaml Xhs a fgetidndl@rovyesdl@tead from the
amount o reacflive si | anol grou s, on.the siljceous

group CORRSHRGPREPONYehOpE. Methacryldte. WaKl aminsm llylh ghosphonate,

styrlamM{0@R& Sulfi@e. preparing a cross linked O polynmer that is
chem cal ly bonded to the surface of a siliceous

Jihbesafiar, @ddingiacprpdeemaised ampuitsif pglymecat tha golymer being
d 1 ned t of . I d t '
R T -

copolyrheR ah hlcdh8] saluble poBinddtBarpaldo ) e6kable 60861yh&1r,i #hdWombinations
al cohol to water is in the range of 99 to 1: 1 to 99.

of suchedyrerss then added a predeternined anount of a _

LB S LI BB oL 1
temperfiteoeft 2 90 oeldss, wherein the ratio of polymer to siliceous substrate is in the
range of P:S wherein P is 0.1 to 50 and S is 99.9 to 50, wherein the incipient silane is
present in the amount of 0.1 to 25 weight percent based on the weight of siliceous
substrate and wherein the incipient silane is present in an excess with regard to the total
amount of reactive silanol groups on the siliceous substrate.

There is a further embodiment that is a process for preparing a cross linked
polymer that is chemically bonded to the surface of a siliceous substrate, said process

comprising heating a predetermined amount of alcohol and water in a reaction vessel
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amount of a silanol condensation catalyst. A
predet erm ned anount of siliceous substrate having

W@ R00angsloge on t he surface is then added al ong W@HUs2009/002784
predeterm' ned anount of sil ane coupl ing agent, said

| ane, bei n yfu ction si | ane the |
with Stgsﬂ v §PeTEBY &?a@ vm@w@{ Qs QHEV’X'F%F}’S%“O of
alcohogtleUﬁeh@\'ihrﬂ]Qelfahgéfbﬁ%Eb 5 10@r¢90n atons, Qis a
dr ocar bon g oup having fromO to 6 carbon atons, and

ese i thep & predeterntiped amowet| of@rhydp)lssts catalydt felestad from

s at e
orgnid R le S0RE] 4 B oFRYSh REL BRI S B v
amounsef £ sithhol dbrefeasdtionrcatdigte i s added a pr edet er m ned
anount of  pol yner, sai.d polynmer being selected from

t“’lﬂ@re&ﬁ?ﬂﬁ‘lft?ér?é‘?%ﬂt ﬁ§$@§%%ﬁtsplaqtqa§e kving sikanels opghgsurdace is
: | I
then adﬁQ{i (5l rwith f’ e?r% hél Pg}o Q{OIE‘[?SE/ ﬁ%?]’;l r%q%%np salﬁ%hb!rpé l‘;’emg

yner, an sol‘ubl e
an alkotxgmhncrtatnabmrmfhasurghh@gér;amﬂrfermﬂlhe conbi nation is then
stirred for a period of ﬁzége 15 hours or less at a
tenperature of 75 0C or ¢ é.s erein the ratio of

h IpRl i¥ ARy dk&asbdr BaiHP HohR
wherel wher ei rfly Pis %6?% % g%g S FOSGSaﬂanta%sr @%h%e}%\llr (;r:]éaﬁ)on

group hanng fmeing) terft cagbmaatemsoa,rpi Xnig azrgeidue frgmper Bmetional |gr<tdpe

unt of 0.1 to,25 er cent d on. t
selected O ne Frotis Saulsiis of B EYnRRRFE e BRET Riec Piph b pine. 4
phosphggatglgty}qh@g@ngmsgdlm IS present in an excess wth

regard to the total anmount of reactive silanol groups

dherenttentherecis gddedsyy b@dﬁ@trémeﬂ BMONBE %ferolm aaldsmtymer bemg
selecteci ﬁg[‘nethesgrﬁjépgo%%f‘s?ﬁg ggsrgagéd A %te? us‘rdllu%? P ?'m%g ép Rattl®

soluble &bpolyatesarsalbstial ablableTﬂwyméxo cstcalpipslubleopéighicAGind
pr.edet erm ned anount of water in a reaction vessel

Combm\?xﬁl?lfﬁ QiU PRYMeTher eafter there is added a
The @Sﬁl%h{QnBﬁ‘iIs ﬁféﬁ‘éﬁhe&’f 1% npcéa 88%?%&1% éfuf?isdﬁdtﬁé &t IQQQ’ 439

reactive silanols and t ing a predeterm ned
temperanmeurt750C i lesm whcmmptherrgtuagémlymr fir olice@s aulssitdagenie in the

ki material . The sil coupl i.n ent is an
range of IS e RaC R nbio STl R0 figP L imghif ehetptent Silane
Louplmf’ QLAY |§?F@E§t$h% Wﬂ@ﬁrﬁ'cﬂf 0R 102 ﬁv%ﬂf }%?@é’rﬁ’ BBscddifle weight
having from1 to 6 carbon atons i's a_hydrocarbon

of sxllceg)rus apbsﬁrsm anyl Whenginothe éncépientrdsonling agant sidang iXpfesent in an
excess WHZH ééa%] {f‘o e t3tap amghr?tcotfe gactlv lg.no? groups on the siliceous
substrate.

In another embodiment, there is a process for preparing a crosslinked polymer
that is chemically bonded to the surface of a siliceous substrate. The process comprises
heating a predetermined amount of water in a reaction vessel with stirring.

Thereafter there is added a predetermined amount of a siliceous substrate having
reactive silanols and then adding a predetermined amount of silane coupling agent to
provide a silane linking material. The silane coupling agent is an alkoxy-functional silane

having the general formula
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group consisting of epoxy. hal ogen, nethacryl ate,

vinyl, amne, allyl, phosphonate, styrlam ne, and
waiobi1aiwee A predet ermi ned anount of sil anol PCT/US2009/002784

condensation catalyst is added along with a

predet erm ned anou k-gf'ﬁ ynmer, the pol yner being

selectedfromthezgé sisting essentially of a

whereYaREE a H9HIeh®oR %IrMIH?l'iavu‘?g ﬁ@ltnef toS®tdBb e a@&ﬁ?lQ’ 155 hyd%]carbon
al cohol "sol ubl e ‘pol'ynmer, an al cohol sol ubl e copolyner,

group haning &ietyl At 6 sarboofatosmﬁ; randoX yneefunctiqied igeaipt setecteddrom the
aroup honrgf SI§'qgr ?onlsys S I Elg enqetiwcr %t er I %glfnﬁglﬁf H%ggéhonate

nmpera Uré

styrlamheridisulfive. |nC|p|ent S|Iane coupllng agent is present
in the amount of 0.1 to 25 wei ght percent based on the

avorrRdetermised anewRiofsilpaglcandensadon grsslystrs addedslongnwith a
prdes SR g S ol G252 ESKRERS Ayt 87 olfng
essentially bf eowates sdnl&bfeqioéymé'm er wates solable anptbllyﬁfer eabaldoal Bbluble

t hat | ess ari a craossli nked pol ynmer
polymgrpag aﬂcgh@ﬁgﬁ{%ieawg? BHB?#O%’&‘P Q%é“%‘lfr‘f f5ueh pelymers.
STHer&ARY theoRHihA oy is tsmecpfdi’%%%og QF e Ps Mol d?qu% ata

predet erm ned anmount of al cohol 1 n a reaction vesse
tempenrafur ¢1015t00r‘}G olessahehaein thé eicghiedsdhnhempling agdrités Present in
car rejs dded a edet er m,ned
the am§ FD. o yeibhked] Beferlan BE BRouRt M it ity ste and
whereift the? Bﬂzllrfe (ﬁ)‘ﬂﬁhﬂ% RE ©f Srefnf BflarP SRR with rédakftethe @Rl dri@unt
agent, said silane coupling agent being an
of reacmvr%cs;dynqhgﬁ@unsmfahe glirenve shbsiiaty t he gener al formula

T L5 ALl 8P OSA U R e

that is ¢Hedrit4llyt orfded &6 thesuhoddt a sifickods lsﬁbﬁraid;lﬂfdpr@éb%k c@npHping
selected fromthe group consisting of epoxy, hal ogen,
heatingprcdeteynined amppny 91 aleghioh i a gaptjon vesselspiftbFiTiag, wherein the

alcoholsﬁaéé(ﬂc%mlqggc sl fide. Thereafter, adding a

predeterm ne anount of pol yner, the pol ynmer being
Theetlert scdtled mptddetegmqu anansit of sitigec@ssebdtiagd ¢ontaihing

er . sol ubl e . po wat er. sol ubl e copol r, an
reactivg Pl AN RIEHGS %%‘P?ﬁsxé?“o it RRhEUPsiae 2T, %gﬁalayﬁer
couphr%ﬁa%eﬁ%@% hl‘llﬂ)ﬁy-?ﬁnc%'éﬁﬁl d?l%é’ H@Jlﬁg AP ERALN 1S

n stirred for" a period of time of 12 hours or |ess
at a tenperature ofROBSEXor |ess, vvherel n the ratio

wherelrpkggmgeqrc#b%nlséclnlﬂpc z?vtljxig u ps B)aé oxég o§1st 1%6 hg'grocarbon
group HaRETEirémtoNe ¢ daebd ﬁﬁﬁls,séddaﬂ §s a functional group selected from the

group consisting of epoxy, halogen, methacrylate, vinyl, amine, allyl, phosphonate,

styrlamine, and sulfide.
Thereafter, adding a predetermined amount of polymer, the polymer being
selected from the group consisting essentially of a water soluble polymer, a water soluble

copolymer, an alcohol soluble polymer, an alcohol soluble copolymer, and combinations

of such polymers.
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coupling agent is present in the anount of 0.1 to 25

wei ght percent based on the wei ght of siliceous
wawtismee and wherein the incipient silane coRgi/UszH09/002784

agent is present in an excess with regard to the total

unt of reactjve sil noI %ﬂ% on the S|I|ceous
sUitfstqmapigatiopyis then sgméFdf QF ¢ ﬁ%&w WAE REAE hoprgorless gt a

tempeﬂ%ﬁﬁ@ Bf 55 f’@ lor Ris€RRRdrE tﬁe FtidSof e{Jo'lﬁHS-QO ch O subBiRlte isSin the
chem cal |y bonded to the surface of a si |ceous

range ofuBsY wherein Bas @ 1 po 68 @sd SaAPOiteiSAgwheratn the imipient silane

erm ned. anpunt o h and  wat er .
couplilRLSE5Pt 5 PEROL s Mhgtioudt o7 6 25 ket PrrcepidradrLom dhe sieht
of silickb@Bubstrate 4n€ WheRdin eledBipane siIRIBUP 9@&6&@&' pReseht in an

al cohol to water is in tﬁe range of 9 1 to 99.
excess Pl eepisl to ilehtosa] aarpuat pf wwdett er aneldzrawpsan the siligeous
é/dr ol ysis catal yst selected from organi c aci ds having
roml to 7 carbon atons and then there is added a
Priedeiser furthederabadinienothasis ai pracsh fergieiRiningtal ooss linked

ly d d f d
polymefihgid¥ shm Gt BOi<E 457 W LoEr PRAHiSo it hEra pdwosess
compnts grhegggﬁg %d@@mﬂeh@n?olﬂf Sﬁ@t:&;(maﬂﬁ Qafer ol Qtr?a‘atloﬁ 'vle%@f

a ent sal d silane being a oxy-functiona
with stm'lhg,n\ehdrram the atcbholgtas dromt 1 o P rcatb@n (aRﬁ)S&Mevdamrtbe ratid of

iS a h dr.ogar bon aving.from1l to 6 carbon
al°°h°iatf’o‘?‘%te B earaﬂ%l%ggg%g f p having fromO to 6
CeROR tRéPARIed AedttértniAed ﬁﬁbﬁm%f faﬁ@ﬁi&yﬁé‘&ﬁil&ﬁ@@iected from
group selected fromthe group consiSting of epoxy,
or&,ammld)@l@erymgr@pmabw? earbon giompl andghemiberegb hgded a predetermined
0 r and sul fide. Thereafter there
mnou“‘ygégggﬁ g”%?%ﬁ%@@ %ﬁﬁ@& amount of pol yner, said

RO bideteriited GnfoRtine 6f @@cﬂ‘pit@tﬁdtshﬁ:e@tﬁs&lﬂbs@&@ Bhvihg Bidanols on the
essentially of a water sol uble pol a water

surfaceg g added plong veth a awdaﬂeaamd agwug llsm ¢oupling agent, said

sitane B GERRUNSAL M BORERRLNTRLin B0, RRBR) AP of such

e Co |na ron 1 |rre for a period
of time of 15 hours or [(BR€H:HQXa t errper ature of 75 0C
or. |ess, ein th rati.o of | ymer to sil.iceous

whereig M@M@W@%ﬁrm Pdpgaopy | i ciiver afomspQ i agydracgrbon
group lélQ/u%”ﬁorﬁ 0 ® S Bort Rorld; at & KlateliliGe 0! aofuﬁ@ﬁorﬁﬂ gﬁ%g
coupling agent is present in the anount of O.
sclec.te«Ma]og‘nthe pEouEsinsisiase of epoxtynbalngeny hnqjhacsylbuecemuls amine, allyl,
hosphs tga e _and m@eﬁﬁhn t he i ncipient silane coupling
P 0ﬂ385@ﬁ15¥rm5¥%33ﬂ S¥H%n excess with regard to the tota

gHerattePtheftid Gl aa picdaiRfthingd QHRUNOSE fdlAnEr, kdi8 P8HEner being

selected from the group consisting essentially of a water soluble polymer, a water

substr

soluble copolymer, an alcohol soluble polymer, an alcohol soluble copolymer, and
cdmbinations of such polymers.

The combination is then stirred for a period of time of 15 hours or less at a
temperature of 75 °C or less, wherein the ratio of polymer to siliceous substrate is in the
range of P:S wherein P is 0.1 to 50 and S is 99.9 to 50, wherein the incipient silane

coupling agent is present in the amount of 0.1 to 25 weight percent based on the weight
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substrate. O her enbodi ments include a nethod of
process stream purification, the nethod conprising

W@ e@atioge a process streameffluent using a coPr@DEB100D002784
disclosed herein including renovi ng netal ions and

£sil a netpég1 eanln a. waste stream . the nethod
of si ‘CEBHT)?"#WHES P SRTTHY 1 PP SHnsHAIRLRS SR iRt i1 Fh
excess&ﬁﬂdfe%%}d)ﬁﬁﬂe Hﬁﬁledn'ﬂoudt BE ted i \si [R0P%BLipLén Al siifBid

netal 1ons; a nethod of recovering Tesources, the
substratet hod conprising treating a fluid containing said

over bIe Jesour ces w t ion a I scl.osed

[GORY B e S8R ol & FRERE Rlkar? Dyl et e Ehod
compriafid @&t a p%&ié;ﬁ bhedm effhedi d&nt a ebmpditon BMEIREEREréin 2

met hod for the recoveréhof netals selected fromthe
includigg gemovimgdnetal ings and 24ids: ¢imethed pbeleaning a wastestreamothe; |
metho% g%ﬁégfrim\r}k '.treﬁgx?%g mvr?]kﬂe efriaz?rﬁdﬁgéﬁ‘%}i cb%Posqp&g) 5@ &Q@r{(e)yeél helre)gn
includinplryiadesiwfiacids and afeitalipnsy a meked offfecoviering ﬁleddu&ﬂs Uk method

Xjii. Qlat%ﬁggl Xiv. rhenpium xv rhodi um, xvi .
comprisingErFing2 FO‘E%WE%E recQysrable resonpres With a sqmposition as
discloskl hefdid Aclutin Og fdpashne Tes’éﬁfces Zhidifas nfethls-ant APfds, XX 11 .

zirconium an heavy netals selected fromthe group

cfbnﬁmﬁlsﬁtrleng)odfmmt ol dns urwenton fxi asmethhd far the cwowcny]ofdnetgls

ura

sclccted %foé%i tlﬁ: roycm 80%1Q{i&glﬂf oﬁﬁ?‘ﬁlﬂ"% Apgtafas (?84’?5, ea él['.OéIa 1 aﬁ.]l’]ve}J rH éold,

iii. cadﬁﬁﬁhﬁdim%nﬁﬁmt i Soppry &N tHaBumS v ifBIu iRl ma8BEHesgx.
organi ¢ aci ds froma fluid, t he met hod conpri sing

molybdangar, i hgniohBIng, ki @smivnh xii. pallgsdan ¥t nplatineh e oberium, xv.

rhodluxﬁhlggcsll ?uthec’rg{n% Q?u ga%ta{lﬂr%l k’\%ln%bhnelﬁmp b ltlltn}lﬁ.l%\ KO tungsten,

enzo

Xxi. ZifaKRDXybn, kxHE Izd‘&omﬁﬁmﬁll, Hd:dvy rﬁahlls cyletted &Ontithapdoup consisting
acetasalicylic acid. Further enmbodi ments of this
of a. hagiyanhtt. JHSBEE. enfBHIRe hrlgad &t iBHMENEX Hih §e thaliymsh.

o | conposition as disclosed herein;
uraniu! £PASiGH. Hd k! epguaguen

arating proteins and an anal ytica
ek odnsiderad pa embo dignepr of thinm verdtemas A natbatofrieadving organic
otelns further enbodi nents

t I
acids O 1630 RAOY COBIRT SIRBLHBH B 10 B Wit AGopBE ha s
discloshd G, 49K EQRRRAIBHRG, Mt Bl o CRFRSeld, L s, -

i nventi’on, especially wherein the method i$ utilized
aminotieozsielaeisk, | vabgxdisasids, espesieParsaliaylic ecidaind apetpsaligplic acid.

PN BT R aBbh e O SRS
preparédl e G%Pgﬁﬁorﬁ EOAASSAMeAifda AU oTlssparktiiyy proteliachnd
an analytlgz?l rnluf’tlhoncgJ of sepala%llng prc;atems wherein associated materials are also
proteins.

| Still further embodiments include an analytical method of separating peptides, the
method comprising utilizing a composition of this invention, especially wherein the

method is utilized to selectively adsorb or separate certain peptides from other

associated peptides.
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conposition as disclosed herein to adsorb said
ol i gi onucl eoti des, especially separating
w@Rkioghtowe| eoti des from associ at ed ol i gi onucl ePCT/t82909/002784
Goi ng to other enbodinents of this |nvent|on there is
ni on

e PrOHeCesiodiBBRg RS IRE A Rl AMaGhee pEseabrling
oligiontictdotide fropaskddiand amtatabs HQ:Srﬁéihb@ E:@rinﬁn%g éiligini e

anjonic materials to be concentrated are selected from
composiongs shisslessd sereqn togadserbisaide)igyonpeiestides. iespesiallypaparating
ohgloddcleotlaE‘@ﬁ&lﬁ%?&bla’tb& oh%ibﬁlwl@c;mfe §s. v. tungstates, vi.

zi rconat es, ates, viii. cerates, iXx.

V@oiagao other nmbodnmts af; thisiinventiop) t!hxreasl homthodait @lnicait&.ting

. .and, xii. an nbi nati on of i There Stil
anioni Cigtaries. UEBHPRROmPRSnE camaeiin M ghispissmrieTAlo et &
compo¥RibAlas idiscfbsed RERAPVAERE the 8ffoRic thiteAfls %B@ BSc¥Rtrated are

enbodi ment, there is the scavengi ng or dye transfer
selecteql frdnp thei gmun)f:ow%mgmf icImoeliibdatesy ii.hars¢rames, andhosphates, w
of fabri .r enpv

dichrot aetsI ! uttll 9 a dvelt o a% 13%1%1 VL. .C a&s X gt
G9EE Y SREASTe m&? Poll pHrYEESs ViNatEFEc o X gYAsa ates)'x
arsenicp kD @OHPldXarbrad BatedHIe Midi Kii Afnyecdbina®sH o©f. 16 Ri.S
i nvention that is a method of anal ysi s, the nethod

Jdiese Isstillgangther pmbagdiment s sIPmosHgalycs fron wase water én dye
pmcesilﬁgg Pﬁ@m&h BGehdibe ﬁbrlﬁg{,grﬁ L stthe géa @hg% a%{ {80 0fer

S assocl ate esire
mhlbxtmnaif)ds'eson tiothesia el omd amlinstitotiomaiateggeaptvgshihdef fabrics;

ﬂE?B onprisin %I|I2In a conp ?altlon as dlsclosed
remova) of dygs Lam waglq Water {romupropesy WAl oF 8yeBrocessigP atEui d
AR AR Nm BRI RS m\Jehtl&?ﬁla@lsséJmQﬁl%H of 5§£g§r§,rtﬁéig}%od

the patentees herein that the conpositions close
compribiegeithizange: uxepasitianaspbscdasad hewar forpepmiatatgsths dediredanaterial

or anal e PR Bl B R4 o adheo EBRTR A of anTyan daSSimmte

liquid dHeSRABE gPdpHly ﬂre@ﬁém@&écﬁﬁpm &lilzih e cb&?&ﬂﬁéﬁ hedikSlosed
based on geis or silicafilled materia especial ly -

herein am Y1 ingaeplump smiployed in g limnd cl@rontamgapm«mmdsen i's
.tlpﬁ S anl?é '(fl%’Cﬁa%reélggIWé gagelftgés%r&n alf(iil? ? mpos txons ]d%sg},ﬂsed

i'nc I ng Al nap

herein ziﬂeuisdf‘ul ui&?éddaEaar@lﬁ%BﬂcETduﬁlNaﬁfeoﬂdEadti\MEﬂﬁdr@\kaﬁw dtdng
now to the details of the instant invention and w th

cosmetigfaes FreamsyherqionesaprgandfragrarceongpHedrelenspaisineeded and,
toothpalles rrgrersr tﬁ%*otﬂ 2 emsﬁ’ésb&’ oﬁ us%rgHﬁa%Hi%atrﬁaﬁ‘%r?alé Qgﬁecﬂﬁﬁr
Bo Sor y me ent .

ane cou
nanosilwdath t he further prOV|so that t he boundpolyner |s

crosslln to provide cavities for.the_adsor as
iotherem 31 f dhip HB’%?%@&E%%?P&E’FIM of ey g) uble erude

oils inclﬂﬁ?zé. hl@ﬂ)lﬁltl%é‘,cali‘orﬁﬁlﬁ?ﬁrﬁi SaphieRhes Adm AGidds., and the
DETAILED DESCRIPTION OF THE INVENTION
Turning now to the details of the instant invention and with specificity, there is
disclosed herein a composition of matter that is a solid siliceous substrate that has bound

to it, a polymer, using a silane coupling agent, with the further proviso that the bound

10
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The polynmers useful in this invention include those
pol yners selected fromthe group consisting of water
w@oi0ahs®4pol ynmers, water sol ubl e copol yners, aP€cDs1009/002784
sol ubl e pol ynmers, al cohol sol uble copol yners, and
polym&oigb.l'&ghhﬁasto ProRYE E‘a\}?@ésyfgp iy adFér%ESh gl i1 4s e Aonll;ﬂexing or
this invention are polyam ne
sequesmin)gstﬂmhengmatmms sugls ny Irietalp @Irqmms,sacxcpo hiydbthe like.

cIu r contalnln oxyet hyl ep
qyg%rﬁxsséqgrbﬁy%%w%@ lﬁ)sg é'rrt% rIé/cted gom
the grolﬁ?'cbﬁ?ﬁ)z!@ﬂg ¥ Qeer4biuble }ﬁﬂ?‘mel%o%{e)‘ E@ﬁﬁle‘éﬁpéllﬂrﬁ{éréj Aidofiol
so included are copol ymers of acryl ates

solublecpgiymyrfe pleobel S@!L}hl%p@QI\b’mﬁsmﬂdeqonpinnqtms of swoéymacs
f@s{ge&gl I? lu%é%?ﬂtth% n%n%og orp yarni E)I%:l)é'ngetrg%/p!eo??eﬁféymer?e%%ines

acryl1cmm|lyﬁéﬂ9yﬂ>(ﬂy@lblﬁhﬁﬁﬂln@rpﬂ)l§qh&s @ﬁﬁtﬁidlﬁ%@lﬂb’w&(yeﬁ@ﬁ:he units,
preferred for this invention are t

only pcﬂajpwrﬂxyxl@?reﬁlrﬁffsﬂe%d onty popyexy bty leng ppityandy capalymessaf such
| A
o, ARG AGAEY 82 LoD e DA TRE g of Ry DM
pobnnasllceous substrate. The preferred anDunt of incipient
in the range of froml t %to about 30

e Sp i R GAGSE belvamine, BADSIRS|TAEENIBES Mg AP iche
polymé’r@ Hﬂ@nﬁ)fre bretdnabay fthép@l%?hﬂ@ﬁéiﬁuﬂé%d Tllikeac‘ilﬁ?‘d fkﬁgmers Most

mol ecul ar wei ght for the polyners is in the ran f
preferrdd (0 this i2GDL00@rhk moh@thydhieouinas i lepotyfmgrs lagenesed such that

acki ng against silica vvs t hat_one can sus
the incfpihH aBBP BF holmer e isTrR A5 61 soORFiebORereri bated on
the weiht ¥NBE sRitebdy GBEtrate) Tliéapreféﬁred QNRIURE 6 mbfblén% Yty iRk £ in the
the scope of this invention to use 0.1% on 280 m cron

range of iffong 4 vegight50de plourd8rwaight(o Witk e arpst prefertedrammmes lbeing in
e ranfh b 85 S 1008, L0 008 D DB WE L S0t By

is in th@fangeiofig 00Qitd 26,060 Dslsdnsn@eldulahbﬁs oﬁpdﬁﬁhﬁﬁodchﬁ@afgﬁmtshﬁhca
siliceous substrates as is described herein in detail
size shqyvi Hhat g@afal SUStaiThBIOFOPS)¥RY P pBRMTTElica apd by copisast, less

polyméfioh hbxg,}];f Bﬁcé: R Qkérhél)é s %Hﬁmgﬁg SOF i€ fn%fgtllcfrg@tusg €%

si ze the cavities can be varie and contr
on 200 nhieroabsyliqr avi % gola'mm og el svgorsir@limgomestt silica. The

st B bnd e e S8hREin BF ot Suetclpmers Bl have

the capRSINEy YHSAn PRI ERsfinkkd after GAYRLItAGNn ?cgﬁlgtsﬂﬁzgoﬁsmu%strates as
Invention. Included in this group are any solid

is descrpimdt hezeindn detatltvaith reigardithahe palpethylengming. bonds and can
i.ca

s FHREIRE canbyieG AR theathocsits T TG the et cavides
can be V&Hd®artluntrdBedtheteby B6Vidindtudife deqliesteriipamédinm

siliceous substrates" for purposesof this invention
daa salid paisulstequbstsateppsedyl|in s inveptenare siliceons subsirates

that provnc?er eggtgi)l% —%Xb goc'nd when bound to a silane coupling agent of this invention.
Included in this group are any solid particulate materials that contain Si- O bonds and can
be for example, silicas, including fumed, precipitated, and ground silicas, along with

other forms such as silica gels and the like. The term “siliceous substrates” for purposes

11
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natural ly occurring or synthetic silicates alum na,
naturally occurring materials that form stabl e bonds
wowaok/13iok@ne coupl i ng agents, as |ong as ther eP@r/Es2009/002784
silanols avai l abl e for the seninal coupling of the
ane cou rates

h
of this JayeSn R0 Bls B 1B e of MG Bt PRl e fthsCindpginic oxides,

n: uuml$jdb§dtﬁﬁﬁ«e or Byftétitegliddia. Sluasia, ntuedl BUStufriniemSRARE Rhdt Form
fit the sizes of the particul ate materials being used

stable beirdsiwith silaskeaoppling agents, psslong s tharo aresilanqda pyailablesfos the

semind RSP BOYIRE A B Emal sUERR-2, LT p Rl
porousagwdsyearsalsd\he usidasshe §ubseate) wovided ¢l gladsak gebudd fine enough
article size. Such siliceous substrates are

to fit thesihsad g PaRiCelRieAPYeHfla bER used Beseis Resderrest fog disrivention
are pa.rér:&’lmel-:rﬂweﬁgﬁ HA %%‘ﬁ?fa@&@%r '3 tl) @@%Q\g’%n analyzed by

ar si ppany, rsey an
light scattPRNATalg&s (&lEEEII\IAﬂ'alSﬁQ wlamoinShﬁERl\#kEa Bakulaabog particle
) other silicas, Tixosil 68 available from Rhodia North
SIZC- Anerica, Cranbury, New Jersey and Cabot Cab-O Sil M

foRMsHRR ot MstriRE BRI ikt ciaPRRtls MATRABRYHElid! fol N

addi ti on, Envoni k Degussa Corporation provides Sident
exampR fkmmmgu@nllzmusm@q@era@pealoaatdd wv/Rarsigpanyi, Aemt terseyfandGold

as SIPERRATEE SO RmSAT ot RPIRIVAT P, 81 P ERERT 20py asons other

silicas, Mik6GNES &¥aiRBIE {Pord RiHodONGAN gericAeCIaaBes, New feaes and
area and an avera(g{rgJ di anmeter of 10.5 mcroneter,

Cabot Cpl-O58i M3 dronm thei Grpok Comgratinn Bestons Massaphpsgtis-aver age
9,375 55, O FRORTE s A0 SR 0T
area anfaveoe idémetS pRIN@icr&A6 s, SldeﬁV\F) bavihgadowmsedaal um num

silicate with an average dianeter of 4 r onmet er
area/absprplipR AV BEGIAVERRE difmeleret B Picspieigrid st W having the

lowest Elgr\fé&ghr@epaﬁd’ &l Q&k?agi:' cﬁ%&lgf oPo. § nﬁ'bl%ﬁfé@&t Bftrasil 8'3@ Hafing a

Aner i ca provi des Si | X hi gh surface
low sunfacmmremahmm awaggnhaniﬂmmf 28 nmfonlezerm S:lpemuat ZIHR having a high

xosi | 365, havin um surfac .are
surface 354 Wifh otk Sy oeAle i irersr 4T Op HileEatbEh St 208 f lopysurface
area alli@iuRPsifichte SISl 53¢ califAcRNEf AMidvRicRICand SPBhET880fa low
10 mcrometer, Tixosil 38 D, having a nedi um sur f ace

surfaceeareaacaiwdnaﬁhaaxerlQngﬁmmp d(lﬁmq!goofrﬁ pigpmeers Rhodia North

SuL f ea
Ame”cé\)gf aB' Ovﬁeﬁﬁ Oé"’:)ﬁg ﬂlggﬁum Cr oms erasn av%a 5 g(l}o(gelrt%ro?fa % on
micron®h&®, Pikovil des, Haaling@ hkdiu stifacaatanae ah @Défag)ef dilbvhfeter of 3 to
havi ng_a hi h surface area and an average dj aneter_ of

4 mxcrcunqetSOTewslwchaamtaehlg surace.atsq andangvetnes digrasteitiotd)
mlcrongqtegrhgpegrsn gsfsq%,_r@gd%ﬁga SURAAE SurBlcB ArdnNild AR AUEEEEBmeter of 100

micrometers, Tixosil 68 MP, having a high surface area and an average diameter of 250
micrometers. Cabot Corporation also provides Cab-O-Sil M-7D, a dense form of M-5
having a high surface area and an average diameter of 0.2 to 0.3 micrometer, Cab-O-Sil

TS-610 a hydrophobic M-5 having a medium surface area and an average diameter of 0.2

to 0.3 micrometers.
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to 0.3 mcroneters. WR G ace and Co., Baltinore
Maryl and provi des Syl odent 650 XWA having a | ow
wabagmw4@r ea, non- porous, having an average dPEIESHNI/002784

of 7 to 10 m croneters, Sylodent XWA 300 having a | ow
surface area, non-porous, having an average di aneter
of 2 to 4 mcroneters. Nyacol Nano Technol ogies, Inc.,
AWt aBfhce MaS o, Balvh RS Mﬁﬁl@ﬂé pFIVAEE Bylcienassd RWA Baving a
at about 50 nanoneters-TEM Nyacol DP5540 a nano

low sudfa¢d arga,aroni@yovsa having en avarass dipetas|of (e d Qanicrometers,

sj Li about 20 napqmeters. Al s, .hanse cheni e,,.
SytodeBLXS7R R R0 2 R PRI Ao Porp e TRl B i
of 2 to BanRr&hétesa havi ng an average di aneter of 20

nanomet er s- SANS. Bot h acidic and basic siliceous

ixase| bipro Eeghngbogitie incassitands ase Ryquidey Nyeca &R0, a
nano si'lit:a Q\Eélﬂ)glt S} ggﬁﬁﬁ&@r@-f@l@ﬁ Nyggol%4'0rbgnaﬁ)lfo shn:g avhl b(?ne

coupling agent to the srli'ceous substrate Is quite
nanomeéterswl EN, &Nvyaeolt DBS 820X, almaso siline di ahouaP@ nadanetéror &lsoj haniss

e, SR N2 B PGB0 1) it i

averagé Ul @20 AKIheleysSAN®at al ysts do not need to be
used, depending on the pH of the reaction nedia. For

Badptidic anddfasicrsalicebus mateirials qandstusedanithe spkitl bubsthte herein,
it being: Gadytoq R el 5108 SfaffonBlie fef ol ufeeB

substrafyidlq@ity Slow Bad Mduval 6r bR Ak&ia, LRl HeREord it i jagicius to use a
siliceous substrates to enhance the reaction rate. The
hydrolysin eataliyst tahastpw therouplingecagtion. dapirallywith peidisssiliseouhe
se_ 0 i.d.an upl i [ i S
suvsofSoy S BB SERLARGRRETbE ol ARBASRUR Ry oR
reactiof) i¥dRs Fot txample) rafeined dbethisSinvgntivh ¢ pHdavesbélowlr, ntige
the hydrophilic interface between m neral substrates

preferrecharegithlenele btaved diaad mert PRAPFARS PHTIR¥Cldelow g P gourse,
hydrol}ZSH Hify &S U% 4189 b2 U&H &it{l} QEidIJEiﬁ%éoﬂy %ms'trgﬁs ?%?nnﬁua ge the

ane” coupl i ng agents having the genera
reactioff RE¥.3 Si QX wherein R is a hydrocarbon group having
from1 t

0 6 carbqgn atons, in each,case is a. .

RSP ATGIN 1At HCT FHes a8 2 b5 Pl BpconRline
agents. 'Stlafle Eb‘lﬁ}ﬁfﬂgodg@hts Q6B eSBE B3Rt dHeRTTRHNSF SHo@WTunctional groups

consi sting of epoxy, halogen, nethacrylate, vinyl,
with inarganie, chgimiistty, ofsilacatdsdn dridge dreyhrydaenhakc inggréace bethwega mineral

yhergin t he rFsipuaI sijane material as a result of
substrates and organic molecules and polymers. :

The most useful silane coupling agents for this invention are the silane coupling
agents having the general formula

(RO); SiQX

wherein R is a hydrocarbon group having from 1 to 6 carbon atoms, Q in each case is a
hydrocarbon group having from 0 to 6 carbon atoms, X is a functional group selected
from the group consisting of epoxy, halogen, methacrylate, vinyl, amine, allyl,
phosphonate, styrlamine, and sulfide, wherein the residual silane material as a result of

the hydrolysis is 03,SiQY, wherein Q in each case is a hydrocarbon group having from 0
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the hydrolysis is 0 3/2Si QY wherein Qin each case is
a hydrocarbon group having fromOto 6 carbon atons,
W@ ee9N3Tog6 a functional group sel ected from t heP@r/os3909/002784
consi sting of epoxy, hal ogen met hacryl ate, vinyl,
am ne, all y honat e, rI am ne, and sul fi de.

Y
to 6 caghpa 3pme.#dnp ‘fgwe@e}a}l éaowe oteddram the STouPp Comystgett
o S

epoxy,gggdgg Pﬁa é ﬁ)lénthﬁelmge?aél it %hgg Ilﬁga gtgq:gﬂuﬁ{ﬁ@d sulfide.
CHEHK- 10 GHdB) ﬁre&r(e(doblﬁ)@sllaﬁo coyplingagest hafingthe general formula
i nvention, the incipient anount of the silane coupling
agent to be used isQabout 0.1 to 25 wei ght percent
based on the wei gyf f the siliceous substrate.

Preferred are ipgt C?gztg%@;ﬁﬁ)é%q@m from about 2

wei ght percent to about percent, however,

ictate he si l.ane coupling
Most pigfefied e Bl I BRRl cimiin e St o gfpone coul
siliceous substrat e in that, the silane coupling
agent is used in 2}1 xcess over that required to bind
the polyner to th | i ceous substrate. The excess of
the silane courfﬂz@rg-a@éiﬁHzi-@(@H@BrSMi)n the process
thor pnqx)sesi afitkistimecnpiohytine rimtihiatlt amsownt o tel sylab@cmwlmg agent

1o e oSBTl ROkl et S ERR P PFE R M

PreferrEJl" Sreﬂﬁ{:ﬂ;iféﬁf athbadts frRinOfromt dbouZ 2 thelght 9&%391@@ |abb’utbﬂ]"\§3e1ght
PO

ymer with the siliceous substrate. Upon
percemh izqwgwsﬂlss is |d|rpt@tné b itkes gt habthe sHaneseoupling agest pagdels based
on the f sﬂgno%o of Hensgh G0% Jﬂ%/rg lr%/tégts theltg"l‘?i}le tou g,llﬁg agent 1s

roups are ave e Silircon a

used mr@wxaeﬁdwbyt}ﬁt fealnﬁbd; to bifdtthé polyiiedd the eﬂnpsOuslsnbttrzaé I ‘yhe
the material that is formed is the trisilano]

excess REge(sdppe goup 1\%.aéﬁmtlhﬁwnd@%eh@e@r%emomessshnkéh%polymer

that is gﬁ@ﬂ%ﬁo‘ﬁ@ggﬁge ggfﬂg{g aﬁlﬁse arrl)ge)é)%ésl' él&%@%élﬁ@{g@regﬂs

reactedtwiehn sdrnel nfithe aeddnive Frdupsenabe pbllyng:r dope ate rtoln utlhgshi tohe
.reacti of X with functional groups on the polyner.
Chcnucﬁﬁ)jE ’é‘?g‘ ejpolymefapith t l}eoﬁﬁh‘iﬁpu%ls‘él?%FP@a particle treated
ftgfo%hlfév Reldis) ih e %ﬁé%f@}fe stohu%ubgﬁ\ée@meoﬂan@ewlnlgqgem
| ca par cI e, 3Ji's the attachment points oOf
hydrolyzes, thatl iy ﬂwr(thhQ)herwps ateaclwﬂ dromn thy silicokeand are replaced by

. | ecul IS the. cr al on h

silanol{ Rt i ST EbiovpS 1o Bee S R alh el b Bt <

XQSi(OfN)+ NvBich Heafoh@¢hsel WithhRekithnde gibeon tHeabolitl Rebsgras. e
several related processes by which the conpositions of

this invention can be prepared.

O---
I
SiOH Si0SiQX
|
Siliceous substrate + 035SiQX --== Siliceous substrate 0]
|
SiOH SiOSiQX
I
O---

See also Figure 7.
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The first process is a process for preparing a

crosslinked polyner that is chemcally bonded to the
waeobasgmw4of a siliceous substrate. The processPCEES2009/002784

wat er as the reacti on nedia. A predeterm ned anount of

er is heat in-a reaction ves wth stirring and
“ﬁm%wsfsrﬁrﬁ A {0 B sHang,taup *9& agent ghoop géfhe repgijon of

X with! finct®¢ha? k%n@ﬁé folyner. glﬁésl;f Q%eﬁ%h@ﬁ ¥84 sifigs Qrtifcfé 7
car bon atons. The npSt pre erred acid i s acetlc aci d

treated‘raheoleiiaig torthe arqeesscdithis imveation mdwerein ¢ lsathslﬂhcaeaatmcle Xis the

atachrititoyfs S Bpeiitodr 6 et Fedin BOR BR e PRy oS GDAT e cross

link point§ aEdn'gQH@pd) %rr@d @eind, An@rggInG ﬂletmttpdwﬁakr ¢Hamisi de for
t he binding of the silaneSto the substrate, provi de

stn PhipRsER gl s mM@twsltrsé@lularb@meddhatgbﬁym sqveral jpelated

e silane
prous%eg b?:\gl%lg ﬁ&g}'&gt ns%lf thlgﬁgte@lpof Rrgéer!i]o d of
tTHEEf,lrst jsm:essnsa @dﬂ:eds for prdparing aem”sdleml&atpcﬂmnaahal iyst
pr edet er m _ned am;)unt of the desired poly
chemwp}l@ﬂaemi%toctaﬁ gurircstaf griilicepus srbseateofhe PROge S PoEhRGRas the

reactioh '?x?édi'&j% 1‘&!@5 g%ﬂfeﬁlaﬁwuﬁlpm \Q'al@ﬂsqﬁateaqﬁg résttibR Ve&BPwith
foni c aci t1tanates, such
stirringl aatdraapsdpueupyxled lammat afa hy;irolaens hylatyst ahmne an organic acid, is
and n-pro I nate. .Thereafte

added 10 catpst hat | B e&vof At The Mest plsfitikisid BRcEi4dds
MO &RF, d Bedete@Nded hmd WG s@l@ceeeg subsBitetHAORR rekdtivked
in the art that this tinme period is much | ess than

silanols satdded ta the rpadteralerg with @@gsmstsﬂw sgumtrtgeagpnb dbgsilang is

run_ at a rature: o OO 0
added ipiipSng gof HREP AP el ot e pgieRe Sty Bipvice
for bindidgtoFeh@ddsired aﬁ@uﬂgoﬁpcgﬁhéﬂ toahé kiJank ¢hkirghasntetifie and an excess
processes of the prior art. Thereafter, the product

of the silane pecrosditkghePaymers| urry, or it can be spray dried

1L LA Heriol b UGS RO R d8Ed BIMER SomdAsddoiiealdifMiahd a

or . A"second process IS one In
predetdriiénetbiresurn of theedesired pslymies. Frefestei tcummﬂlsh;omtedysmﬁnlthxs

as . the_ reaction ium . erlnthe al
inventiga IRy bSPTIR oo EnS TP qeid oo ftgsptes.

such asat%ﬁanoﬁn-g gﬁl'talﬁkep Rty URehAE, tél‘i‘aﬂuli‘j’lﬁtdnﬁféeﬁ{d IQ-Brd ithfiRe.

ropandl , | sopropanol, he e,
fiheteafies, thé combinetion iscftioled for fnp@rmji Qf tone 0f hiahmeraor less and

it shou@anegxilg IB % él\gcgsg )é‘qﬁ.'l g ﬁréfhhosetgstgtbi,sf tg}r}et: h?ﬁc’q 5% Ic&,less%han that of

the pricttdrf pioRessBs1dA[s8athkipRdteb$iskdn BoalfemREathRSST 180°C bh Ress, even as
tenperature of the'reaction is at 75C or |ess.

low as $QF¢ hand thisrshowldiabse besnatekby Hiose slgiled jethg @ﬁ)ﬂ&é’ﬁlf\go t he

bstrate, ti of polymer (P) to
Slgmﬁ?inh?'g%sg3@%@6&?%?565 f)gh r;r{ﬂosuc the Pis 0.1 to 50 and
FHepeFRr Ahé Brdeldct can be packaged as a slurry, or it can be spray dried to a

powder. In this case the powders are free flowing and white in color.
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In a third process, the alcohol and water are both

used for the reaction nediumfor the reaction. In this
w@e@eas®46 it shoul d be noted that the al cohol POI/WE1009/002784

ratio should be in the range of 99: 1 to 1:99. The

reacti on nditions al.so,.differ omthe .other..t

8 bR S R WRBPE tH of bRl S edd Py
alcohof &4 thet€actioaGhédiim] Whérein e akohé! ik @s®nadiémhti€alcohol solvent

tenperature is on the order of 75C or less. The ratio

havingdfom o qrpen atamsshis, alsohals psedulan dhjs dnveptior tnpduderssiagnol,
. r ' t w thout
oronf, GRS 1 ECSREERD P8 RRTEHA 1 Y]
Hinladd aicnptheGedation cboditibabvdry Iftonatliosa sGtfordh Sapr iglths ater

cql um s provjded that woul d accommndate the vol S
procesin it oPe PRACS HERHEACH B TEES BUbIATIPTBiddibr sidessae e
tempertmré oP'AR rPARHRLSAMIREDrsst Derk@et Bhitalith [sthe iR the

he colums were cleaned glass and were either
polymetitait Slicennd s@lstrate. Ibe catid ofrpplymend(P) o silieemissnbsirate (&) is

cm | e c 1liter filtrate volunme with a

SUChﬂ\&rﬂ’ég}r‘]ﬂEOag&S?dzgésnég_]oa% ms while the latter has a
MAlaUARd Pfockss, @healbdiod biid datkr AreGHtR us@ERH R reARRIMmddlum for
cns. The colum is first cleaned in hot water and

the reagtxare ds thiapeacesss itsheld ibemotat thatehe alcohel tamagsr ratio ghwiubdybe in

hot ter .t w. t 1. he I i p ve
e a2 485 55 119 TR YD EVARA0R ) 4 B B0 g PRYE g
set fortW!Sﬂ[EraL $n tHas ahé periddofitiae Ftthoraadfior 136 Sa@iuar 18s3cind the

packed evenly at tg]e bottom or .over the frit if the
temperapreisrPncha order oF 757G or kssy Theratigelthe S s the suppreadhe.

18 st colum is one that is actually frit free
alco}lolb‘%?%usé the frit can becone bl ocked and sl ow the

fEach oditlese klove patcesseheam noarped outovichamt theuddd pha hydiobsis

~ block the frit pores. The glass wool is tapped into a

catalysf-hj n | ayer about 2 mmthick evenly across the col umm

Prepald@R&- of 8k FiRfRion SolubfilfdrUlal PiiG4 60N Si&digs ass wool to
renove any water-soluble stray elenents. Then, 0.5

|A gless cafimpevanpreeidedithae woukl apseamaslate the Hokumes o Waten that

nd this discharge. i i scarded, . Sanples ar ak as
needed]0 PR R B PBr Sh BNV aHHE P B ftdh %,
the col@RaY Vetd @estlcdSBassRal welfdEitlph 2% WREleteband 29to ab kavesg or 4
to dry thereafter. The slurry was diluted with

cm dianetes g 8 cploag. Tha 7 £mjhas g 1diedfilfainvalyes Wit vateg head of
n_t . ' I I 7z ' fio .
10102 fgh e SEYHPIRE 1ol S, 52 RR W o ot
cms. about 25 gnms of silica and about 59 gns of water. The
excess o ) )

The column is first cleaned in hot water and excess water is shaken from the
column after allowing hot water to flow through the column tip to remove any old water
soluble materials. A small piece of glass wool is inserted in the bottom of the column and
packed evenly at the bottom or over the frit if the column contains frit, but not
unreasonably compressed. The best column is one that is actually frit free because the

frit can become blocked and slow the fiitrate flow rate when any particle or sub-particles

block the frit pores.
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water is allowed to drain though the glass wool and
collect for weighing and is then discarded. The filter
whewms®4imashed with at least 1 liter of dei onP@BUS2009/002784
water and the filtrate was now crystal clear and
sanwl Bh rat
oL S50 28 oI A% Bhoy Tint R A48 280 i,

column/ bahsemelowa&tq@ Gsithedl rumthenezhahié glhss aboldelremeny af pwareiseluble
| ayering and the product was allowed to settle as the

stray elegieais Hhgp.h.5 #II‘QSMQd?'H%%WaECW 155% ko Hyshoidg colpmmsand this
dlscharfgg%]ais é&%e@vgéﬂﬁot Qg}:lat?g%ea} £ ofeg?rgcegh?%gg&tg lrt]ﬁée'r'@eblmle lréaches

umm was
10 mlsazbwaeyﬁneaglmm d’ﬂme\gtasewoabwaencbtraélomﬂ sordrypehereafier. The

1 nlzg ﬁﬁ{er na contl b%‘f ed through the

slurry ‘86? TEH! (A2 WP‘&&E‘E Yt Y ﬁ’VF'bF%HS‘ d¥ed and
iTh tN@S chPhibfeteeds sl @Al 1alkd mh@ﬂeht&rprémwas
just prior to the last 100 ms ‘el ution

pour: edpwélq@r%way balds @b@letﬂ Ssingief Bhicamnd abauetd gos pﬁ watesablerexcess
i d not dist t he
water 1% aﬁowed gon%rafx\}/:ﬁ% V\%l% e gg'(hsg sweoo:i/vas& a | ec¥J fo & \Yelé:l}lﬂ% a%c}] {setg?rh e

discardeée dT heT HiRett i W@Y\Qﬁsh‘éﬂ avigcht ddsel ﬁtdiﬂés teioAizedinwatezlayid the
indicating that the Cu has reached the packed bed. The
filtrate yyas s W ery'stal derandsamplasare taken atghisinpait: hhg dfop)rpte was

checke&@g%&gdéare@o\ggf@dng@rf%gn?g?| s left the receiving vessel

trate was allowed to coll ect
ane stdrey vollunreewzﬁs lbdurai m omelagtien obddiveng@i aveid khering anel the
remenper i pi cal Yoid Vol u for thi cm .
produchpasa %WC% R ﬁﬁx%féﬂwﬁﬁé B6d hgse *gepaé@les} éotﬂm

techmqt% SvORRAhALREs AMfe ASs CARMMWRAsI IR Bldh WRHLPA \9&1 to
he bed rather than having themflow ng through t

dry outtsedher'éh)eastaiwayn‘ a héedeuphwater xwevhd colums et saas

EonPeE el s sy ol B BBR LB 63,2
liters irtokd1PAsseWian it Wes &lleetet @8 G%@h&%@d Qakihg ma&hm@]ust prior

the netal breakthrough was reached and the

to the l@st 8P exls chision). SheirePreparas coprer-solutiomps added tarihe headar
vessel 1 11{1 \%aill\gl‘la? IAIAAQ(H d(iisth% GIL %lﬁﬁ'{ llyenéyel‘ ? %dvt?k QVaqulp 5 WasThe

€ Was recor rops per
allowed tr @mgdivoithesedensure the flow rate was consi stent To
t he hunman eye, the copper sul phil)be sol.ution ap

Jéxleésap taysr altowweblﬁeawsrtmms%ﬁe wdiatingtha the (Ellbl?\Wé?Ched
the paclé@kfg .bﬁ‘e(i:@m% aﬁ(gis ftﬁQ ctenfér %3k Ml q{’wb erf £€a
pol ymer en It

ayer graft e SI ica particles,
samplecDhisdeft tiat reseiving msmbwthamnb vdélempol yner coat i ng tur ns

qjélgg“}lﬁgteo\yas a(Howed to tcglng’cit tal‘\{d |hr2:cvro(=ﬁ%%g %lt\rlgté Doltupn% otedy agamst
the time, remembering that the typical Void Volume for this 2cm diameter vs 24cm long
bed was about 50 mls. Every 50 mls means that one has captured the metal cations on
the bed rather than having them flowing through the bed.

The top of the upper reservoir vessel was continually filled to maintain water
pressure head as the blue color and copper transgressed down the column. When the blue

reached the bottom glass wool, the metal breakthrough was reached and the time
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copper. This confirnms the binding of netals such as
copper. By concentrating the copper, and turning the
w@lwnei4d ayer bl ue, then the whole particle apEBEHS209/002784
deep bl ue. Thi s all ows one the vi sual maans to follow
[ | |ve nner.
recordéc{' %aﬁ’x Ii]e% h:l? 898’8&36 I‘Jlllg 0“8%? 111%%? hyé)lca?lyql to 5
Void Vobdppes. The fmw rdwwrasl recordedtih edfrlrwfdﬁopstﬂélr $inid) thdighewmao a
visual way to follow the front of cleaning trace
ensmegﬁr@%%rﬁtét"@é C@Bﬁlétle%ns as they pass through the packed

dr¥ fhae BN
| at y | E& cati r§g ?’ﬁ‘ tﬁg &Jl"ﬁg”é%@g@ﬁ%&t{*ﬁe“)m 100
ppm c<mae1h¢ezd1dne HlowElve etheo khereappst srabearbad frotrhthe fsolutipa irgo Waes

h | filtrat lu
polymeiasdh eepflelt 16 ahe filic PdicledGnimh EPretstale e enpaes Mde

polymeY‘ébﬁltlﬂ@{dﬂﬁ?blﬁJ@ rm!a kSloR intéRsitly IABERes With tRé &mde@ b f
was about 50 ms. Every 50 mi s neans that one has

copper cElips aoeﬁlrmsn@le rhinding ebmetalssush as keppsedBy aenventratingnthe copper,
and turﬁlgl\éltﬁg palyms er laye\Mbe% { ?lll’leqwh})fg pag?cq? ?R}%grstqoega Iue lilﬁls

VoI r vesSe MBS cont'l nua

allows 6i¢ tHealisualaicans fy R8s W the bRrith@sft thBeofler én & qlidlita@manner
copper transgressed down the colum. Wen the blue

and it shaws hdgre the csamrdﬁrbgws@l%mre theneonper isnoppeund: ft othgh
word. 2 g 89S Siaf 15y 4 Aot e ilalel FRLF Frlet g
solutiotiDasTh¥p pabks\thitougk she gdvked bed(\mlatrm was recorded in terns

i 60 e Lo B, Ao 8 gediafeh kit M issct b reashed
the pacﬁéd &g, afh@b;gédkrwg derR00 PR KilirhtD Gis GROWEN X0l Rt and the

teri al his i nvention which is a solid silica
volumet ﬂiﬂmatmmluﬂne unnd:dt agalrtsstls winiey cemerhbernve @ht th%x;flcél’E{mdi Nelume

he silica i s n e
for this;2 g e 1S 2781 1o P otps BPe S BB ey RS P BE one
has capfREOAdohea@y cfonB0RRR¢E baDrat e 1 namgfmémfﬂdvhhgmrengh the
studies set forth Supra. The | eft hand ordinate is

bed. coI urm hei ght WI t h 10 ppm of copper solution flux and

SCI SS&I

pressuré |héa’d hsﬂthb QﬂliESccﬁér atﬁll cd)ppal tmgresi;dal ddWrSthE epluase fW}&tri th@ blue
the col umm consisted of a flow ng stream of 10 pp

reached:{hg heftomselassyyeq!, %m%elebrpﬁ«br&yg g reachedand tlanez 5
recordeﬁnscrﬁﬁ?ﬁi:s We?? tca%l&% fg%\iehl{;'g 0§ ?Htstfm raﬂ:1 %h?éh%ﬂ& $e rt%&éﬁ@g‘?{o 5

the state o er an increasing nu

Void Vehinmksy Thelfies afe Whuitedotad én pams ed dtdps pugtime flerobgltbut The
void volunme is that liquid volunme in the bed not

ensure Bedoyialf Wis QsISEERtor pol ymer. Typically this void

YO ib § hie0EaRGepRsetRIH ofldi®a obtained from a packed bed column
of a material of this invention which is a solid silica that has bound to its surface, 10
weight % of PEI and the silica is SIPERNAT 22, 100 microns in size, packed into the
glass column as a slurry as outlined in the methodology of preparing the column for

filtration studies set forth Supra. The left hand ordinate is column height with 10 ppm of

18



10

20

25

packed col um vol une dependent upon the silica
distribution and particle size. As the copper solution

WO b@9wa31y6 gravity through the packed bed, the BCPP£2009/002784
binds to the polymer macro-voids created in the

coppergpfiioy Huine FE 8| KRl oBbles PRrenSasthed prLlme

saturatigRGw iRk a§§peq: ontd M@Qsé R tR@Aax IMeAHabr {418 voRlnkem bed and
was collected at the bottom of the bed and cont ai ned

IIeélthrﬁlsmsq@mtm gercobimn p@rslqtgb@ja ﬂmwmgcstreamrpfdQ npgv\mpper
' Cuy
as copp aer siltd'isy \%t%ls ?e%u%l? g,%r }Iggg%ugeg gxg ctoll]%n% o"lal—'lng

col um con I nues

elemerﬁ@@pﬁd’senﬁf the Bﬁafe oftha ool zﬁ&r Eﬂﬁﬁ(ﬁ%sﬂfg ﬁdiﬁbdi@f wB7d vollr@8s of
er front" reaches the bottom of the bed, the

fluid h%\m?éﬁceo ughthe ked.{Theogihvolung iathas igrdmvelime urthahed not
occupitP¥y Eitich ¥r ﬁ@lﬁﬂ{)e}ga@gaciﬁﬁ %%Wo?&%’luﬁbé i§ gﬁﬂé’ 8b & ZO%rbf%‘né u

re-gener at ow ng wt acl di ¢ was
packedafolyrhh ebluaixodipeddent upot dteadlll(aﬂhslmbuﬁxﬁn aabpeticlacizeal | y

bound in the d bed colu ranged fro 0% to 5%
RE cmecropbiany Fts it ki TeUgBe Spekeaibedy i sopper binds
to the p-U"'ﬁnéxl Iﬂécrﬁaﬁo@d§ &Eﬁ@g MPtHe RaftiviPiof @He ]ﬁ%ﬁﬁéﬂ dJROthd sirabO¥Nthe

Figure 10. The ordinate is Volume Flux in
chosenmliqa| asiit isbeingrrdmonved ogtihs svat¢rphmsard hR@hmer@nhnu@htybsvass

through 1% R RR PEQ il B BRI EREER S BRIbGA Be e WP SRATE LG et Jebs

than paH8IpefBilli@eGHphRCulddd FeASIbvass SAgEP digit\Pattaber irillion (ppt) of
dei oni zed water via header set at 5 cmwater head

Cu. (Flux/mis with tine/days). There is shown therein the

th\%%h&’t“% E@Sgﬁn@%@ o %ﬁﬁ %g;gerpaB Pieasdhe 88%{%1‘3{10@811 Uf%dn?’ is above

gl ass ol um
the bottoRabf ihe cohinugl When te “soppdr Ifﬁﬂ)t’biy&a&kb@dheﬂbdiﬁanTbRﬂﬁlHed,ﬁt&e

cont ai ni n t percent of PEl 250 micron
copper $pd | ‘prgak Olfgmxmaaé sudibat bed V95 mqw, @ﬂ’r PsaEANdowas epkgced
by rem o e Qi gég‘%i}]e% deé’c‘kl ﬂ{‘ﬂﬁﬁ exmRae Lt i #:9 lae HH of

I's perio cont1nued |l near even a
about 2copper effected breakt hrough as the copper front Ieft

IR AREAm et soPp el o ot abfieg befl sof i ragged from
20% tof 0% By hikighi'dd Gofiiker el hhabiies sbt PASHux roe throughout a

Corporatton, Munt Oive, New Jerse USA and consi st
typical @f(pft_rupaﬁois slwvvn lzulf)!ggrﬂ lmm@mlnatpafs plugBOfluX finy pnléldjlermd

e absfiSA g e i Tt 195 pEhelasRE ) Bhn K, R Rhe B 288 ajppere
and 24 Y@M iabgveéithéi gsfe idof p@tfke];l]fr&ﬂ@ shiryTQlofihih saredegimt) ppin Cu
25,000 and a pH of 11. Lupasol G500 is in wate

40
as coppge plglﬁate 93 deioniged Wates yia headgr set app pmaipiershead. (Flux/mls with

time/days). There is shown therein the linear flux rates for 100 ppm cu as copper solution
flowing through a packed glass column with a material that is solid silica supplied by
Rhodia as Tixosil 68 containing 20 weight percent of PEI on 250 micron silica. The flux
was essentially linear based on time and also based on void volumes exchanged
throughout this period. The flux continued linear even after the copper effected

breakthrough as the copper front left the packed bed column.
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nol ecul ar wei ght of 25,000. One silane used herein was
Dynasyl an(r) GLYMO which is

w@2@bggiodoxypr opyl t ri met hoxysi | ane havi ng a noPEDUSZ09/002784
formula of Al so used herein was a simlar silane known

% Cor ni %gl(-"p% 260401 whi ch stho tained fromthe
F%‘S £ SXFTORles (e Befethyfenpimyass hagpmsdisigsgeral
formula h@l—ﬁ@f@HI mm?l ebtama ff&ﬁtgAsmceépoHuoa MBRROIB, 198K
carried ou | ass reactors, glass |ined

Jersey,rlé%taod sonsigted ILUPé‘al‘!tVBFsLUH?QQl Wb andinpasel 6500+ leenasolr WF is
ectro [ det s.in t wer e
water 1fs u R ahOTRg Trr B 0P8 bR T aRRe P RES

water a8553velﬁlup,{8 |hb€1€ig,b}’v1ék@isit52 Bt 1 QOO(D)Q{ @bletiilar Waiphfof2 K060 and a
Cal i f or ni a. Exanpl e 1 Reaction in_Ethanol and Water.

pH of iHr byapsel Cof0ds insyalek atytf] Waight sohayingoyisgosity whd.098mand éd
molecu?éftwggliuatggs%oso Kgns reagent grade ethanol to 0.90 Kg
upas

wth stirring to produce a honbgeneous
Meldilane usdd Heeeﬂ(gxm DfnaSylpn@rﬁLYBrK) svHi¢lcia 3wglgcidbrymreply ltri-
to,. a reactor. reagent grade et hanol
metho’iﬁé‘rl%‘ecl}?é(f*r@e%l"io CP f?’?&ﬁ?gf slomy with stirring to
ai d di spersion. An additional charge of 50 Kgns of
et hanol was chargegyto the slurry and the reaction
mass was conti nuaI stl rred while heating to 65C and

t he reactor was There was

t hen added 0.1 @hdc@ﬁ @ffl(?l‘jgg%\}@%lsﬁnd t he

stirring was conti nued for about 15 m nutes. Tol uene
Also us%u'hfepé? Gal Qisfhnil A5 BHB knd RS 28 HOKACEhJA 26685 Ivh R WRSS

lowed to stir for an additional 30 M nutes while
obtamekiéatmmlqp Dow7G@ning Qoripvsitiohf Mndined, Michrgan RES A& baving dre same

S. ere s.then slo dded 1. 2 .Kgns of )
formuld e e A S S B ERO R ST Su T g Fraskirs plasg lped
reactord,Reeel RAGIOrY bubAGSMA Steal le@d¥Bes. t0 stir for an

addi tional 30 minutes and held at 65C. The stock

;fdl siestromestandeigrmnaiops wphessexamplasovase fksn gadadigilent
diode a‘f‘ﬁ‘g ] egé{c%%nge%gc}n%rdepyﬁlr &\@g&a{i SAt%flleBpCéltp\éﬁ o'ﬂu aﬁ?ta Clara,

I'on mass was a ran
Califorws hel d at 50C for a period of one additional hour (a

total of 1.5 hours). The tenperature was increased to
Examm@hvé{qaﬁ@%tm%ﬁhévo Mo Wategp| acing with equal vol umes

Bre péto | HSHAHoHmed RS gfagibeé{@g LRGBS Els

reagent grade ethanol to 0.90 Kg Lupasol WF with stirring to produce a homogeneous
solution.

Nine Kgms of Sipernat 35 silica was charged to a reactor. Then, 50 Kgms of
reagent grade ethanol were charged to the reactor slowly with stirring to aid dispersion.
An additional charge of 50 Kgms of ethanol was charged to the slurry and the reaction
mass was continually stirred while heating to 65°C and the reactor was held at that
temperature. There was then added 0.18 Kgms of deionized water and the stirring was

continued for about 15 minutes. Toluene sulfonic acid, 45 gms, was added and the
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and was cool ed. This product was spray dried to obtain
a fine white powder. Exanple 2 Seven and i Kgns of

We apas #4600 (a 40% by wei ght pol yner sol uti oPCT/US2009/002784
supplied in water) was added to a gl ass vessel and

nsure h e us solu Lon Four f.
reactiofy giash ALY KA e REas g i ige HhF Realpeio b an drive
off wattPEBmthe r&ﬁgn%gsol WF was added and the m xture was

stirred to produce a honbgeneous solution. This was

ki mwwg@rfyn@iovﬁwladﬂﬁcdom (Kgms @egb@wggromgmmthmsllane to
d. 1
e real ] B8 o 53R L R Al BT e

held at@sCMal st rr| ng, enough to just avoid settling. The
tenperature was mai ntained at 75C. There was then
sgacdf Eolyag eisSotioneid mrsRaged @t DO Va Ngs 3@‘4Pdgtﬁéh‘b$tmed reactor

over a Bifdd. oupﬁ% t nu?ﬁe F@aéﬁa;gféaggﬁa%ww@'sw 84 {}{Ic\:drgﬁtor was

es at ere was then
held at ade@ doi3a ﬁerKgimfcmfe adiitionel Ko Qat hraltod ltﬂwlaoure)adf}mrtempetature

. the xture t|rredfor 10 mnutes with t .
was mqr%aée{in 50 TS e etharol ks ERl e ‘Y‘ﬂb?‘&‘%@lugtTBdii‘G@Z@d

water. WHenQhe ERhHEHR DUEL Reﬁid?veacﬂhg pedtfhct R8s Abw aHs® aV\%% dispersion
stirred for an additional 30 m nutes. The stock

and wapobgledr sol ution (A) was added to the stirred reactor

eriod o t he reactor was held
gi“l%%r@dgﬁth‘%?‘sesé’ﬁye%edtmﬂ Stlaita 0 it Tl B R "antt el a
Exam;ﬁé275C for a period of one additional hour or a total
of 1.5 hours. The slurriedproduct of about 40% solids

Sevpreard Grksms obLnpaseGhR0 (ot %o dngveigltrpolyrpensolitioagupplied
. f
in water \gzlﬁ)sgr I tE) & ﬁﬁ?’ggs\%eell %ﬁitas[?;&l) gé? e%—%réggé%%g%rgeﬁﬂ@§olhp§n.

FFE)GC K@htsaifeﬁlcﬁ]ilieidcg@adel\)@ﬁtef was sddedab agtas SeSeKgnisthed 3.0
Rhodi a_Ti xosi | 68, é} ljters of .deionized water, 50 ni
Kems lggpagplaBiFayvasadded and theqnixiysg Was sifredhinRodiema bompgsnesps
i,%élr d, and a pol ynmer stock
Somtlmgo dQ(waEQioE%%Sl E@%{Llﬁ%gé?al WF ( PElI pol yner)
d)mﬁnimdemﬂ Kgmg of iwater svasfchakged to z amcmmlile Ursatmmg ok °C.

f ol ure.

There waidhEheBaleRy S Bt SIPERTA e et idh h@ingdt¥fieipe, geoueh

to just ;W%h(g badi r%’"@h@%%rét@ret\b@s Afintdih&y atWSa@tT’l’iere Wagthen charged 5
preheated water was added with stirring

Kgms of deionized water and 300 gms of acetic acid and the mixture was continually

stirred for about 10 minutes at 75°C.

There was then slowly added 3.6 Kgms of silane (Z6040) to the reactor and the
mixture was stirred for 10 minutes with the reactor held at 75°C. Thereafter there was
added 100 gms of toluene sulfonic acid and the mixture was stirred for an additional 30
minutes.

The stock polymer solution (A) was added to the stirred reactor over a period of

30 minutes while the reactor was held at 75°C. Thereafter, the reactor was stirred and

held at 75°C for a period of one additional hour or a total of 1.5 hours. The slurried
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and the acetic acid was added. After 15 mi nutes, the
GLYMO was added and then after 30 m nutes, the tol uene
wae0basiode aci d was added. After 45 m nutes, thRCIPES2002602784

_added and after 2.5 hours, the material was drai ned
produck‘l_ﬁlf" Qb%l}gfog?gdlpdg d?%qps(?(y r‘ggsaéha Ieg:]tgo?!)q%[)?%hen spra nPdrleé]' to a fine
white poevdes! hyI enei m ne on 250 mcron precipitated silica

using 5.0 Kgnms Rhodia Tixosil(r) 68, 16 liters of
Example3oni zed water, 50 ml of glacial acetic acid, 500 ni

oy PR PP o Sl e

silica. Mfateatenl Dimicheldd \Wet Kpms Sif Rhedia Tikdstlr68. dP litdre ofideienizedisvater, 50

eat ed t. ar  boilin The e silic
il of Pl ReBeiatg. {7 o5byidgion GERME S iyt SPol ine SEILHHE Geia.
tJfiLh 130 ]
o A AR S 0 A 2 e
of deloameérwaw mmeiollqwmgmeslunef oni c aci d was added.
Aisr2 g BB wad PEnEateq WiRahoiffe. (afeablch the §1iga was
Welghe‘dhinHQldSEdl td thei20tlfed relcter. T h§ﬂ|ﬂr&ﬂ:agﬂdaﬁﬁe1€\&ﬁ§)£d&d with stirring
nple 5 This is thesgpeparatlon of 10 wei ght % PEI

and thecmet,zg ecidi wasasdded edftey koamewtes; the GL Yivi(2 wiap addadagnd then after
30 mmﬂtcg tjﬁg %B%ﬁﬁﬁ%%% E‘Bdc?e%ogfteJ'QS ]ﬂnalggss r%?cf Pgle%e gécﬁi%g

CI acetic acid ussa

and ati&ynh aﬁy)hmntlfa.mmaxams\Oas;ﬂrameﬁ irito labegrdloa whfboRias aachick sl®P
nms of BASF Lupasol W. The water, all 14 liters, was
Exampﬁ?éheat ed to near boiling in a reactor. Acetic acid

Vﬁﬁs E’g?‘{fbl@%g Elé@ﬁﬁq 488 bf 13 g\ﬁ@%tﬁ’ﬁér&nﬁge'oﬁ 2 8 mlcr%n

Ther er of heated "'wat'er was adde
precipittdd mllcq;usmg b &rKgrbs thndlilaé@z(osﬂ@(m dgermddddioaimgd twater, 50

ml of i) 5 SherdOnL of BreFia oSt GEvMC A Bl el ¥he

sulfomE’EéldV\@ﬁO Emadq! Bh SIL @ptRol WFe bnd®PENRL (ﬁfe litéf dfRieichized water.
hour s, material was drained into g_ al l on carboys

Mc@@htﬂr&,@@@e ofater Wiasi prehogtedrte year@@almg hgn fhesslienvias
wewheg 11|t1 SR eldoto\’\%(pp tter gé’aggor Fﬁ{eﬂogr ﬁgaQeJQN?{eBg'ag Eggédp\!vttl?gt?rgmg

pr'épared usin
along vﬁtl‘pﬁfel’lﬁétl@é’&ﬂ Afkér 13 ﬁlﬁftﬁesofhecteLYiMQ ©Gs wadey and48€rﬂ11ftﬁf30
| aci al acetic acid, 400 of Deg usslalle 1E))l\énas yl on

mmute@Ltqlmle agiomg agid wasaddsh Asfmrfté Aaigutes, t I' was added, and after

2.5 hours of reaction time, the material was drained as a white slurry into two 2.5 gallon
glass carboys.

Example 5

This is the preparation of 10 weight % PEI on 250 micron precipitated silica.

The materials were 4.0 Kgms Degussa Sipernat 2200, 16 liters of deionized water,
40 ml of glacial acetic acid, 400 ml of Degussa Dynasylon GLYMO, 40 gms of toluene
sulfonic acid, 400 gms of BASF Lupasol WF.
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acid, 400 gnms of BASF Lupasol WF (PEl). The procedure
was as in Exanple 5 and a white slurry was obtai ned.
wEx@opb®44 5 Anot her batch of 10% PEI on 250 nPCT/U82009/002784
precipitated silica vvas prepared. The materials were
K I X |..68. 14 l.iters of deionj.zed
WD G 5t 418 Pl hRbied B peat boiinegh iperdiy ARRHEREY ws

then added asltha siGey Mok w@QJ@Hﬁn Ofhetlftef, DRe Sitdriof hested Watkrandd alided
liter of BASF Lupasol G500 (a 40 weight % PEl in
with stygipg| AgY lmlewea.%}’w Was pddedsindithestyTige capiinigdz Adter 30

mmute}éﬁtgq (1)1]@§uffo§1{: 99@ WA . vﬁfﬂl sjtﬁ'i-ﬂxr%] and Q erpéiﬁotg]?rgﬂ§ LPMWas

'ow n ourteen liters pr eheat’e
added(n?cﬁ@)limaefwdtéed to the reactor along with the aceti c

acid.. Then silica we e he r actor After
TEhet 2,3 DB R o B RACL ii6 Srelps s PRV Alidsonsisted of
Whitesthglry_ene sul fonic acid was added. After 45 m nutes, the

stock solution of PElI solution was added. After 2.5
Exampleér s of stirring time, the material consisting of a

|te At o 5 .gal l on .carb
R sreEmD Ry S S T S o8 A i BHeET Bca was
prepand@f&ﬂh@ﬂbﬂ(@tﬂs SF DegdssiBspepii2 2208 6 Ied oT™BIdAIZzed water, 40 ml of
consistent wwth Exanple 7 in which the materials were

glacial acetiqeme. 490 reheloPegussa DgnasylancGb¥ M| 4Gams ebtalyeng sulferic
. Loni Q,l;rn‘{s gl aci al acetic acid, 800 ni
acid, 4$E%§E§A§%ﬁé Fon E@ ., 80 gns of toluene sulfonic

dtetprodedurrd s af mB?A&ﬁl;ﬂel pandla v tGhiray 4@s vedafhd.

percent solution of PElI in supplied water) diluted to
Example7i nters with dei oni zed water. The result was a white

AYthr M 2 F?Fl 8hSH ngertoﬁ:])réglplmc%lh@e{ %aé"?x%g%g CThe

bycarglngt 'owi ng I ngredients into a
materiggaiveond .Odaghoof Riodis dolosg@iBy b titesodfildaianzddAyaten 940 ml of

slacial BESEEieEe B0 AREOLDR STy B i Bl Rt blie Sironic

acid an8ql 1itkt 6NBAYH i\gagﬁﬁgtﬁn% al408v&i BROATETLR suptfed) Ivaf@?alhéted

charged with water. There was charged
with 1.Kditers of d@bPERﬂWﬁ@@S a§tdemlxm¢rr$0lﬁtwnrml stirring to
oi d se erto intain th o
ff st St WP uB g it EGiesf 1T B Befed B nareg ) was
added tKgH§ rédkctoiel iyl wiell thaaicetic &iidl. Thegnilifwaceéipedinitditha iéhctor.

reaction mass was continually stirred for. about 10
After lﬁnnwlgp{% GLYIME wasagded ppdjafter 30 minutes, toluene sulfonic acid was

- added. After 45 minutes, the stock solution of PEI solution was added. After 2.5 hours of -
stirring time, the material consisting of a white slurry was drained into a 5 gallon carboy.
Example 8

Another batch of 10% PEI on 0.2 micron precipitated silica was prepared in a
manner consistent with Example 7 in which the materials were 4.0 Kgms of Cabot M-5,
0.2 micron silica, 15 liters of deionized water, 80 ml of glacial acetic acid, 800 ml of
Degussa Dynasylon GLYMO, 80 gms of toluene sulfonic acid, 1 liter of BASF Lupasol
G500 (a 40 weight percent solution of PEI in supplied water) diluted to 3 linters with

deionized water. The result was a white slurry.
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tenperature. There was then slowy added 0.036 Kgns of
sil ane (Dow Corning Z6040) to the reactor and it was
waeiongm4d or 10 minutes with the reactor stillP¢EUS089/002784
75C. There was then added 100 gns of isopropyltitanate
Exam&g@the reaction was stirred for an additional 30
nutes. Thereafter, the stock pol ynmer solution was
atlnietteOb:eh af Materials wis edebyneHaeginphtid B11bWehg ingredients into a
tenperature was held at 750C. The reaction was stirred
100 galen repetort enperat ure for an addi ti onal one hour or a

t (ARR e |t I 2

P ok Ponfnet SRUIoR A A BrdfaRe O ALARE 4T Kl Pt Y.
Kgms of LupasolWad apl stifridg teprovadechlicansgeacodsi solntjpanwder .

le 10 A conparisop exanple and not within the
| sF@SBE hEtiRgg re e ‘?WEEC@E&?FEWQWQO &gl vsates; There
was chhfped B'Oq{’%tﬁ@hf SIPERNA TS i@l with HmliHlaisstitl?ﬁﬁkqgtavoig_settling
- 6,803,106, that issued on Qctober 12, 2004, the first

and in prdgeto maingain ke ienpecdturerse 78%C.a - sol vent. This exanpl e

il ustyates the man ny s s required the ! 106 .

etartep, oo ol TRRRby SReths 2 SRPpEEf WaleF and Y eraiind apgiig acid
and the feA®tidrefbsy W8k dontidbAlY Stirfed @t 8bhiA!10\WiinG#es afthe pkdMalling

solvent, multistage |ayer deposition process. The

temperptyre nleers wasdheraslewhst adsied 0rQ36rk gme obsilanp (BewdForning Z6040)
; t | [ . t-ae,

tothe B nd E0 HORLE A8 TSRS D e S Rohel e 73 e
was thanSeidied 1100 &ng @S soprepdatana@@nighesreattionewgedtirredrfadsn additional
... . methanol and 0.90 Kgms of Lupasol W were conbi ned and
30 mingieSy red to produce a honobgeneous sol ution. This was

SRR ARE!HIBEAR BbIcP Dollfibn Ts ARy hips

was char’ged 78 &g#&sﬂeo?o r earg{]ents gr ade tro;pueﬁ%.{){sﬁph%utes
while thhengsiatere, wihiald ands G [Tielrgactioamge dtirréd 8t tKemnemepérature for

S| PERNAT 35 silica w stifring to aid dispersion.
an addFQRTIATE AL PRt 010 KRS0 i s Abiied sl Sy pesduc
that wak €86leQ'and ?H&Kﬁgeé.nﬂlérélﬁ’te@ the WRFry R spHAdried 18 bblaies white
whil e heating the toluene to réflux, about 120C. The

powdert ol uene in the mix was refluxed at approxi mately 120C

condorcabout 30. monutes with stirring to r ve trace

Exampg 197 A Snaoarisgh Srampls dng sl &b R otcer T Fshliome
tThac&anaiie s dsc@aliensyebaiitiod bLa i iad FfrohSU I @htent
cooled to 50C and then there is added 0.18 Kgns of

6,803,196 bat isaeedaOgebeni 2 2809dhe firg dayer pnky, wine tlveneay af or

+ solventG PRiledinglh Ay Ges e Thad. B en? e DR e 1D RAB o

process,, hidngasici ax ilAntatidn of thadorsy time edhuired taobtaihdi mberial which is
. hour and hel d at 500C. t aki ng ca[rf}e1 to oL
a twin solvent, multistage layer deposition process. The patentees used directions from
the examples of the patent, and where otherwise not instructed by the patent, standard
chemical processes and handling were used.
In a glass vessel, 30 Kgms of reagent grade methanol and 0.90 Kgms of Lupasol
WF were combined and stirred to produce a homogeneous solution. This was stock

polymer solution (A).

24



15

20

25

avoid the fumes fromthe reaction which are nethanol
funmes. Thereafter, there was added 45 gns of tol uene

W@ 00bosi0es acid and this was stirred for an addP€i/oszmi09/002784
30 mnutes. The contents of the reactor wer e renoved

apd ' v cess
5 1S Rl RPiof w2 he BER 10 K e P GG
Thereafteg thérktvess stakle dhhﬁgedh%ld I@ﬁloﬁZSIPER@dA'D)ZStshQa with stlrrmg to
centrifugation, it was repeated until the filtrate

aid dispgipiear édueth%ra?har%%f 39 Kews of iheengarasiprdedp) thinesaciop syrry and
the miPWas §§ncﬁ gﬁhz shi W le ki @1@ ?ol%n rleﬁux bgﬁthl jOeFuene
e f [ g

was a ter ca ne) to Prhse t
f"ﬂiettehxeoa lxxethe'ﬂm Wwad mﬁnxcthelppmlmusbem()ﬂthbr SAbukKdOeninutes

reagent ade net hanol t hereafter. s f the
with stitiph o a1 oF Bes] 1o T ssetal R all o he e
water ﬁichﬁ! 1ROy sy, THE readtBl & tAéEEb Ol QRINMBVSDECT 88 Iﬂ@éﬂhexfeqk HEQR10.18
ereafter there was a final wash with 10

Kgns
Kgms @feifg@nzecgmau@lmz%weter pedthinyasstyred baabwttlérmmarc@ Overa

period bEys Il e ¥t 04 FaddtR R Kl i R ERP oS 20y

the real3€knd Mid Was 50a&d fr an Abliieny¥s h@uﬁaﬁid\/}%'lﬂ &t JUr@sekingfcare to
" toluene, nethanol and m xtures were collected for

avoid theyfiraesdireipdBareactipe Mhight ase methang! (ysesa Harsgatiss. thgregwas added
45 gmgt' (ﬁqgﬁlghe gﬁl?rqﬁc AEHDAE his @ﬂg sfntrem %2688 510_’)({5@1?1\%&t |

ere was a honogeneous slurr he reac or eat ed
fThe canteadObhfithe realcto? Weoel rcfmov‘EHand pldced iftba bdwy céttifigte to

cake wa scr off the dru d shovel ed
TemoVveReEss 19 ﬁ?ea’glaﬁaﬁ‘gwmﬁpemg] a@ﬁ F&eddqdighs éﬁ%rt ke that had
been cx%ﬁ’é& ISPffthé/ @edﬁgf%aﬁ@ﬁ‘gﬁﬁtlt Qﬁﬁl‘éﬁeﬂ% Bafche HRERe gﬂgﬁ%dtc@ear

e glass reactor and heated to 50C ov
The filtet cakteewsd ma abefved ¢o thyeoutrsp ¢lat fif Wodd noakxeclwass;axﬂded t 0

Fry SRenerranarel iibe BuktraE LT BEmRE i b Bierigarne

filter cak@Ovds\Pash8a Gt 3¢ RBIRBYf $eabBhoradd ieBEndioindkhéleitertrRost of
ensure honogeneous before the pol yner stock solution A

the methagolavsagmeved, leaying pennghfso that rthmﬁké@dami dry opad his step
remov %ggl ualtt lu%gg q'h N oleter vadaisf 1(185?9 Q'%Flel%kiﬁ(%n rea&ent

eac or was eg{ e’C}H%Of an additiona

grade nidiBard daaitigSa Sific fikier @kel(B) thathas dhedietie @ﬁdn aﬁ dﬁdklh@ to
a bow centrifuge to renove excess nethano

enable gasytremoEal fiem adieliecentifugs and hisyaeidded b@?\“étoftth f@l"t(’éaﬂg the
waste S?P}lapirsgith%sé@@&f th Qg@ﬁle%héﬁﬁ)h gﬁ@lm% FE%%N&QE& ec?edcilo? Waste

e was o anol was renove
disposai t hout cracking the filter cake. Thereafter, 100 Kgrrs
of r ent grade nol was adde no
Wdersa ?tgr there was adc{rﬁ 4IgaKgms reagent grade metﬂanoel an 1t was heated to

50°C until there was a homogeneous slurry. The reactor was heated for an additional 2

hours.

Thereafter the dry filter cake was scraped off the drum and shoveled into a
container for adding into the glass lined reactor. Forty-five Kgms reagent grade methanol
were added to the glass lined reactor and heated to 50°C over a 30 minute time before the

dried filter cake was added to the reactor and stirred to redisperse the filter cake into the

25



10

15

20

25

30

the filter cake. There was then added 60 Kgns of
pre-equilibrated 50% reagent grade ethanol (15 Kgns)

wapas98aei oni zed and dei oni zed water (15 KgneQT/H82009/002784
then this was renoved while taking care not to all ow

cr ing of the filt r cake.. Thereafter, deionized. and
methargl B SFhd@asbigh <palyskiyes P GhE ot comEn Satees suped for 1
hour tE&¥ufd ﬁdiﬂ@gtnwlmem@&ﬁe %%& bR ck sbluftbn ANEs £ RA'VEGa
and it was easily renoved ég scrapi ng. The finished
)

period @if il éaninpies and Hakas heatedde PO vatl ther wasoklayeegdnaous slurry.
The reRU YIRS | %t% Lo g&l%ﬁgltwothousom drying out. Al these

wast e so er m xXtures were coll ected and

di'tsepameshtass t‘haséaetq@ eetel eérﬁoveﬂmnd raaaed td ango\pr QAUEfugyaS
spray dried to a ite powder.

remove¥RsEs Meangh The ﬁ#r?é@ WS |caH%ct%@p1 lierﬂgidA@ mhecfrlta,eapalfﬁgand
this wagrgﬁe?xtedl'éepgx%fjtu? ?,g Mfﬁ?lrascl%}' iﬁhrgf'ae@;{ﬁséﬂ'tﬁhédj %%%&P&gﬁ was

rocess of manufacture o I'S i nventl on essen
removemwahmurodmkmo the ttiteErakepl e 2 using 5 mcron silica
rein silica is.reacted th. a

wﬁ%a??éseglh ]$ eﬁ{feseqtﬁrﬁgae%@ﬁ; vt 2ddSd and rémoved to wash
the ﬁlt&Ql,al(@t"hYér@ Qak MeAsdhed @o RGntdWE &eiea@iﬁlhydt@dﬂmm@&ehpgm@

| i ceous substrate. is the contention of
ethanOI (ri\ﬁéﬁgmﬁ)saﬂdei()&b delphm‘:d Iayd deipnized wiater (kS Kgarsh amhthen this was

removdPRAIE o Qe hNE 2l PYERhY of BF et P ThigRaftor, FSnizea
and defoRBled ivatd1 Q60 Kpik) tiashidaed AdtEthe haterid) b amighgudne dkﬁhets:h[ﬁlth

siliceous substrate, and that this excess silane w
the filtgrzpke crackimgrand dt wareasily aerapyed yaycraping r brasfinished dried filter

cake wR@{:éeigetﬁ la‘?:r‘l'aﬁ}a?ﬁ%?d R4 F@ ycfjnér g c}g tp &Fﬁ éy\f;’r%) délgﬁlh out. All

these \A&Gﬁssbl\&hfs ahidrwaeremixtines Mrcfidfcﬂ&steldlanﬂ dispesed as waste products.
yet hyl eneimine i m ne groups with nolecules in

The re%létm& PISALE eSSy eddp & WytrRPwdsrt he surface, and (c)
Exampl@1§' Cﬁ l)h&katl%;‘x{ polt%)g‘ﬂﬁ?&‘ﬁg tré?ga\ﬁn%t chs-

sur primary groups
in ne| orln nnlecules To a glass open top vesse

Vidss da:iﬂ@dsnaupm astelt the provesk afimamifaatirewdtisis m\&hhb@ asseftially
predet erm ned anount of silane, and a cataly After

in accordﬂne? yithdexample g yingy ynieros stligy r%‘ﬁtséhcat‘ﬁéﬁafi@éé"(lﬂb%
silane dﬂfﬁstﬁe ﬁ@%e?slll MegddR [1§1te§&gd Hithl %Ol?&hﬁg@élmtlll&eto%l 4 6

grafted silane on it tine to settle to
polyethyteneboine donthef silice@ug betstrateessel . Excess, unr eact ed

i ] ape was ent.in th hase. Thi.s .
SR E et b B30 e cpagiions
of this {neRfi®S $hdrk NexcBg sMahy BiR¥tSR BleTeh&idd thé@iM, tHat REthe silane
groups within the nmolecul es that are already bound to

that is ndtaised fo lmed@@ palpsthylgneiming foctbe silicpgustsybstrage andjthet thige

excess silane will have three functions, namely, (a) to cross link the polyethyleneimine
primary imine groups within the molecules that are already bound to the siliceous
substrate surface, (b) to cross link the polyethyleneimine imine groups with molecules in

solution before they are bound to the surface, and (c) to cross link between those
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pol yet hyl eneimine i mne groups with nolecules in
sol ution before they are bound to the surface, and (c)

wa 200en8®86 | i nk bet ween t hose nol ecul es al r eadyPEt/US1969/002784
surface between the polyethyleneinine primary groups

[ ' i n Ji.quor_as the top
molectifls MRLERR I BE SECER the v TR R SRR 0 upe 80
neighbaridlg nelsculédre cl ear |iquor was placed into a separate

react or vessel containing no silica, crosslinker or

r B 7 glash. Qnepiter vesselavgsad e¢ﬁé’r@i§fqr@tnedaﬂﬂmlm of waterrélica, a
predeté?rgﬁﬁéﬂ dlﬁgrxgn%i%#]glg% W%%ﬁ% Xéf: A:/%er x?i'tllapsfu o o iX the
ingred'mddemetreacttim maszovasrallvesd @b standl stilheo thaadie sﬂibavtﬂﬁt had grafted

e SR hE S b e oL B ket st
was préJéﬁWrﬂ%e@op?ﬁthQ?)hH&I T REighed ShesPQINE WK K go@t}m:({‘ﬁmctlons

i S not ed to any substrate Thi's depi ct
(a) to csprshinkethe pnt;yle&lymknme pidnary froinegredpstwidhin def mnlenglet; theat

shape of .the ori gi nal e ordl is R

are alrPRELRY 16 15 s icelll RibsERie b 1 %q s Dk fodvurt os.
polyettAfidrRimidteindhe QRRPEHIithRAbLEEES M@%ldtﬁ)ﬁ%?&e 'tlfkytd?g bb&H to the

quor phase, the reaction contents were anal yzed,

i
surtaceygighs )tip srasa ek dstwenitbess raglecires aliedy aitha suifgeeebetween the

r tion of the
poeuid Bl PRI YR B AIERLSLE o0 OF (e
Sihewdl ¢xg liqlilat ad the t6p plgse wae dkcaieatinteslsetbndOpdH fopless vessel
el ution, as shown in Figure 1, changes to essentially

and thepht«h@evl??ééteslmawa%pt@@tdom 2 RRPEIale reastorvasselbeoNtanINging silics,
t
crossH i ofthehal i oAt ThitBad, EprelHRlmHed B of 435,000
molecu}tnrlvyfrlght prdgmbe@olyetiodendimnledbrb B ASTeidentficliSipra) Wansdded
this cross Ilnkln\glawl ectively shrinks the polyner

to the rﬁ%ﬁﬁ%ﬁ Yi5S§! Ghg &he BReHI, d g 3/%6“ -and 60 el ution
IFidUt 8Ss h%bﬁﬁbﬁ@f 89 8BS R béBlkafsn WRlomatsrtyf speésiRam

I inking. is likely that the 35 m nutes el ution
showing|aj Zﬁs@(}(hmebecpl@r ekght mlye&wl@slmmthatrwnm@ra&ed to/@a0y s

IS rocess 0 cav
substragy A8 epliof Bp B aeleci H rinfley lafiob HEaREY e shape of
the orighhal tpo@yriéd. Th8 ordifigte & RI Vélia@e ii® iR andihe d9dinkte idVindd 1
the abscissa is Time in nminutes. For conparison
minutegyr poses, Figure 3 shows the deplctlon of Figure 1
Lay4 Hi (.t .
oV A 451800 DB BEBhEE WAD sl i Mo LHGH B, R reaction
contenta &t ssdytedl, Tsine tliersamemﬂiﬁﬁtonk s waneado analyzdihg original
process allows for controlled crosslinking of the
POW““bolyner bot h

Figure 2 is a depiction of the actual gel permeation chromatography spectrogram

showing that the single peak measured at 40 minutes elution, as shown in Figure 1,
changes to essentially three peaks at elution times of 35 minutes, 50 minutes and 60
minutes. This illustrates that with the extended gel permeation chromatography elutfons,
the polymer has been cross-linked by the residual silane and this cross linking effectively

shrinks the polymer causing longer elution times. The 50 and 60 elution minutes reflect
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at the silica surface, creating a primary polyner

| ayer, and perhaps nore inportantly, in the thicker
wordovi13ioae/er s that are subsequently grafted toP€TES2009/002784

primary polymer |ayer creating nanocavities of defined

d distribytion.,. | 2. DYE FER
s G S A L s B IR R o
111ustraf69djoﬂ yraédt ﬂn@ﬂ:cﬁfes Bt G UHoe bl RaR4B Thigprbb&s ARIWE one to

procedure, dyed cloth is used and the re-deposition

vary théFaYII‘ﬂé slipes aa@élsmtnmom pEthgypelymeston the swiacevdfithesiticanlhe

onhnm%%%%@ﬁ%ﬁ%?fggkggg?ﬁﬁggkgﬁggqggﬂggni Iﬁﬁ “test |iquor

dod cbﬁtpaderpoﬁmrbbms Eighﬂ: FBshulwst the tagictien oBFigaRSUOGlaying the
. ..The bout 10 ppm the detergent
depictigg, HEg r?lg 35 Sig s i melon Hoarmeens gy Bffcniand the abscissa
nsThnéMHhﬁﬂh&y anlonlc detergent, and in this case, WSK(r)
1 gns/liter solution (Wsk is a Unilever househol d
dm eneclosiah. Wetogss tllaws farasnuekall absshioking of the polymer both

dification). the.d ansfer inhibitor agent is
at the s{ifg, shHARS pine sy pob e iec: fpe hams rat Hampently. in

the thidk€SmulfRiHyer hat ArBRubR ?ﬁéntlyag}gﬂéd)fo th@pAmAR B61ymieh ﬁarysr i's
a hard water test of ppm equi val ent hardness Wi t
creatingCaansagities of ﬁeﬁn@m@qmdmsmbgnqr@% , and test clot hs
hed cotton #400 in
Examif} T2 PR TRANSEERRAYBiTOk Sumpis

ergoneter has si x

dﬂﬁ@fr@déﬂuﬁdﬁmefeﬁelﬁ as:ahmbeirﬁceﬁ@l 6€prooddued AISTM M5 548. In the
conditions. Each chanber contains about 1 |liter of the

ASTM peegedpregashed clpgh rSéSSE% anq the rewlgpesitienspisthe bled dye from this dye
cloth 019#001 \I;"ﬁlte Ella‘a] gqyﬁ&}ﬁn 1H51111?@§ H?er n@e ; gll%b*vgr %gltltaﬁortl I&Fthe

cted tenperatfure int ore
dye is asM/adi ohde tastdiquonaidiedidepdéitiohoatd 4 whitenfabreds imsasured.

ee swatches, to ach C er and the washin rocess
% dﬁé 1§ Biscery 2boyt 1 d’H’i‘? ﬁﬂ‘? a%ef&F“taCOBF%mgaé‘Pn At t%af ooppd the
detergeﬁaisqyﬁfcaﬂ@ OnioWfe! deedrPidi UirfiSin ThiS c8a Rk Yer gmgmrﬂ@f\ésﬁmon

Finsed for 3 mAutes in tap water. ExceSs water
(Wisk MasU mbpyeehel@sebqld doynrhernid! detergeheanswaasoised wikhiost mbdidisation);

the ayeqfantlet ook by CuREERHL 6 G ) iy i e et

mediun® Y&thp Rvat@! had £ harSWERr, ’hdre iPa HizdveAsH B4 D WE0 pm equivalent
averaged from each swatch and were neasured agai nst an

haldnes&nwle addg i tthe mesHugds | @9°Er.and éest clebwrarabipigally gleaned,
that is, wa dﬁs&%%tcfﬁpﬁ if é&%tf/:ﬁ% EId4qp ¥ b:lh@s for each test

I'ne € percentage reduction in the

ehETmbum‘ermapﬁch@brwé tchathbers eadt fop bnd\@dt ol operaatig@ednditions.
product. The dye retention value = ESWAt Ch) . x 100% (
Each cmleﬁmcpma)m&boatkm@ﬁﬂm test dl@&owuaﬁée?ﬁtws |ad€‘klﬁF%§‘§%h of

Gout sGRELHY FelT?d {oVthE Whledid $t8%lin WS
cloths. ?Eggﬂdqho? conta%ﬁgﬁg?ﬁ of the © &%ﬁ%r n Hﬂﬂbms
before the swatches are immersed. We chose to immerse two or three swatches to each

chamber and the washing process was performed for 10 minutes at a pre-set agitation rate

of 100 cycles/minutes.
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conmponents except polymer. The reflectance data from

this control were used to judge the relative
w@eebosince of the test polynmers. The dye repPEHES08%1002784

infra with data from swat ch tests u5| ng sanple 10- 005

(g Re M Mo S ant Tiise o it anuypieg Bpess water

was squédzgd buf’/b)oﬂidd‘@fd 68 s@at%hgé Setd ARWeERH ey 1 dir Eﬁio%%éa@@nng
Direct Red 80. The same trends were observed with a

their reflertanes omma Stungari{eqloripeter, (Resioai Hggme@cifp \vrenmuae kwatch
{
v Sy 0 48548 088 g O R e s

agamsttamstntfea&dI»t/lateos‘wzttthassafmbﬁtel ShoOWh hefeat ﬁtel’thé h:@pédtnd’b Agé €
is %dye retention and A-E are the sanples, and Figure
retem‘ol‘z"*}l‘ées hF ?ta?ﬁ‘fa&?hfastq?gmﬁ%ﬁ' ﬂ?“e%‘?ﬁ?‘t‘%a%freti‘rfél%aﬂﬁte@i

values %}nEEB%d%ﬁ{tﬁb Qoﬁm »%915 %—tie%é ?od%ef e ldSL et ke @attsie =

are the sanple rC|a etrans
(8Eswatch hil 00 %olr S Eagreank onAéEswachcdeed by éEwhtromxnresmdmsw%ng

ol vi I ri.di ne.N- Oxi de from tor and. Ganbl e and
PRsantAT s potRIS DR i eadt v eh @ PPt oGy o
compoﬁérﬁ@é)f&Ft polhinet. 'THe réfl€dthndetalOfrOiRMhisicoREb Wed 38 &Yjfdge
Both silicas were used without further purification.
the relagjap ppeprpanse of thengst podyeiszed for these studies but
ﬁtﬁg\é\@? et laé%tnt d‘gtjn aluugbijzﬁg ré‘rfél)gr R gtcﬁteas ru%\?\fgs g%t%pl B& 0(_95
having 11D evei g m@l;&hermnaswpt snmaxmegustsa,tsypdrﬂht 138) N‘ld):,@n‘i’;ﬂe dEfDP2

Transfer inhibitor. " was the control swatc

having \Aaé’vqgltipﬁ]p@tym%@ns%ﬂ slica @abm&lé) pyAntias Dtrﬁ‘ét %%th%ﬂ dhe
same a5 -00GLGE, 4 AR Bt AR, bbb BlER .

Acid thedv]s Aleat Red1 21, ReatiivnRed 2 ah&Reﬁctwm(btfangaMs in tap
ter akep.in Pri ceton w Jer sey of, the
Str Al 6%%/;1158%%&‘8@ AR %atnat(l%ﬁ@%@) FeiR i
ordlnat@ﬁu% 3 rehtibh 8 | S PR B hPIQUS B égl‘élﬁflscaq{lytﬂ'grfam of the

packed with the inventive product. efficacy
test resulénoithe sanplecldip@Rd whefeirt the ondinates cetoidyn setentiorband A-E are the
related to the anount of polyner grafted to the
¥urface of the silica. The water flux can al so be

Thk @bRkhdrfial (R @AMREHiInKIbitOOAQEAEWVa YA %ﬁiﬁﬂrélﬂ Brhgd compnsmg
surface of the silica which indirectly suF(ﬂ@rts t he

polyvingbpywdine df-Opideyiriem Rrpesgsand Grinhly anddispdos 1p aetieed The
control Qx?aq Wi ﬂ{otl']% cﬁ% tgnsfe? luﬂmbllt(yr Jﬁ%ntuilc‘lel% ppm Direct Red 80 dye. Both

silicas were used without further purification. Neither product was optimized for these

sample

studies but showed relatively high performance across all the direct and acid dyes.
In each case: A’ was 10 ppm of the commercial brand polyvinyl pyridine N-Oxide dye
Transfer inhibitor.
“B” was the control swatch.
“C” was 1 ppm of the sample.
“D” was 5 ppm of the sample.
“E” was 10 ppm of the sample.
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to renove toxic nmetals in an efficient manner. The
propensity of the product to bind copper cation is a

webk@man3fowncti on of the thickness of the pol ynmepChyusfopeah2784
to the substrate surface. Rhodia Tixosil 68 silica

Exampfy o8, 8P CASTHBNsufg R SladSn R Ee BT balih e’

AP YEBRIPAEShR%s (REOmMPR LATbriGh BfeWorth of8AIBNh t5f\Whter taken in

9002- 98- 6 pol yet hyl enei m ne. For conpari son pur poses,
PrincetomdNevs r}glsejs (Ipeationopf @@Aabg%oryb%rabﬁjem@@ mo;shgﬁ'lcwntly when

f h r f I
the aquih{t oR8jonts bl traBEf adlast Piudte iRed AATHERYERTE product
The effitRfy bF tdnicMal i IR tHEMRtal OMEIns ¢ah BEl rélsted @S el dd@shint of
Supra. Copper solutions, 100 ppm copper, were nade up

polymeagraé@gﬁe thessurfase o6 thersihiea, The taterifixgan lspdieuplateck bt
amounf SIS ey RORRSHAN Bl e RS0 et
concepUIlaﬁ]ﬁﬂylpEEcaﬁw Ielﬂtm;_, aad hbwithe packed dad pslasmilaa efficently be used

t hrough t he. bed. _Sanpl es we taken re arly fro the
to 'emoaaéwsfnectﬂé iy i 4SS 0B P e RFRPASIAY ‘%a pw*ua& Qi

copper & SRRH 5 ARk %ﬁ)ﬁ of (et dfGhd PSI }'ﬁféf‘gﬁtﬂe& & ﬁle"@l%s@ate

Varian Atonic Flane Absorption Spectroneter Md
surfaceSpectr AA 240 FS. with sensitivities at the ng/ L I evel s

Aol isriENE suife Shiens - ForRRURl R EER R0 SRR e b
treated W"@tthé BSIyhRY € SaryRigeddgpui! Tﬁ&ﬁ(ﬂgfﬂx@bwﬁ& 2500 Daftbh nfflecular

he spectrophotoneter detection) until the

welght HRRgh p@h@th}tlml@mpF@rscqm@sgmmow thesamplasdad
1%, wyag@’% ot’/o cPEIS% q%lgr}qgg)érgﬁ?@{o fhe M5 o\f‘%‘?é‘é?n o;&%bé? rs‘a?me

i1g concent

batch of Dpeetl 68I)&bec3p1wedi§1|hem det ermi nati ons were made on any
ot her sanpl es. The sanples used in thls st ydy, were

dhapgsked bed flbaiomeolamng avesgeanstrugied g figarabedybupracgopper

. I
snoff0 5 SphL e LU S s hciam
volumes clidy Ithimoﬁld If)tepasstd ﬁiroﬂ'glﬂhemhck%dajegi $i lsat(dﬁTo@)umhst for many

Ther no Net zsch | nstrunent
hours vl 1 A6 FECRIYE heb OF paRT S S O A AR Seh DS low

throughvmé 'B@&’ g Js;l@g Qf@ifeztﬁged’\@gﬁfarl? fRIm fhel ta8€ 87 tha!1e¥Rsh dfumn and

e under gravity and free water phase decanted
an 1Iyzedrhd/ dthverc dpentadphotémeteerdn spheibagistiuiment yed twasra \Grrzate

s S A o3RS PO BB s TS s e

mg/L 1%15&_& Beteveign each washi ng stage. The final coll ected
tpvvas then dried in a vacuum oven at 500C to

oduc
g'bh ichionsamplestvare analygest fop aveinl sontesiwhich,y eytensive testing,

determined that the levels were lower than ppb (lower limit of the spectrophotometer
detection) until the breakthrough when the samples were shown by the method above to
contain samples of respective metal cations of near the initial starting concentration of

100 ppm copper. No speciation determinations were made on any other samples.
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anal ysis. The anmount of anal yzed polynmer was within 2
of expected polyner |layer and well within the
wexpensinnt al accuracy of the anal ysis progranPCIVig2009/002784
bi ndi ng and retentr on of the copper cation from
ueous,sol u s of 100 pm co as .a copper
2‘31 PREPLESSE f’} Tty ‘arﬁreveara@rzpﬁ Lo dsiexping thepargenns of golymer
grafted"ﬁh% ﬁie”sﬂtr&eushr?% TG%%@S%JI%@OLES?I HrmaPRRl yzer Mode# etzsch
ux

retai ned/ wei pol ymer; right ordinate i s water
STA 449C #ﬁlmtﬂrmhlch soubinsk BifferentialdThdrmahsalysis §DITA ) twieh %

ThermGgediidio 150 (st B Raty o RSinaatoniy Lat Befie

producPivad OeRRVRIG ARUZREd indteichiZRPREtEr 58l pliaded, SRWHd BReltR under
tap water is shown in Figure 13 wherein the left hand

ar avnty@mdrth%\trée M@teﬂ/opéowtepmrte@ andh éx@nmaghﬁltpcﬂdyhmugh rfingrwhatman

Grade ﬁghg&zg}g gxe W ldéﬁaﬁnepﬁ% LN%&{ Yegéegg\f %oz'i‘fe]:ct the
product@idyWhste htaters beﬂwean efld}mhsihﬁtg stagea The ﬂnaﬂ*tﬂl&cteh@roduct was
grafted polyner was increased from 1% by weight silica

then drteé 1p @%asyurw@rvswt S Cpjachigve ?H@n%‘%‘ttarelélﬁdl?fﬂfe E$SPESIBYsPPC
analySld oes da:ﬁ& Sﬁrrgg%egoéf(%r%@v&b o{vgﬁ r eaﬁ‘{@o utgﬁ P g@ cur %yeft

well wiitlsin tthoe b@emﬂtemhltah«airadm theagdiysmbrorgozpper bound with

e o. nmer expressed as. 0/ bound b
HE SRRt g SR e e Btion i ahtest setRRs oLlog pm
copper vr@,la%tp ersm{aymruo&afnt@g walertifighowd ind8ghRARBRAREEN the left
t he anount of copper bound at breakthrough

hand order@rwéié@opmrrﬁ@meg/vgmhtwlmﬂ gahierdinatagis mﬂtgrrfhrx i h

f
cotumefYiid vafs e Bt iy 24 pRRI AT SATRRY WiTER:
qBp baidifg h:rmwt@tiohrdmrgahcdﬂper ERPDPGES Yguddas keldtibeof 100
colums 1 ncreased from 10. 3 voi d voI umes to

ppm coppeaRt A FORRSR SWiphpte sobugion in tc?@ Waeyshowp in Biguge b3 weggin the
left han\ﬂo éa%& 1\§\,6/e P?%Jg? gecﬁ/we Bﬂf& %lﬁ%?d ttel?s &Ja e'r %dx in #

gra yner € 1 ncreasing
col umnamiktu nbﬁln&fs aal tyrmabsoﬁ:srse o lers ‘Vd pt)lylntek‘ graffed|ty sitica bRtwdight.
is cross, | inked thereby cre ting nano cavities

rltn‘s Mﬁae Hoph@e fatadha %kfrnotﬁg gitedipolieer Wardagrepsgddrom 1% by

weight szr\‘.h td Q@%at{fw&%ﬁt étes‘?ﬁi(% f rtoﬁgﬁﬁ’rbu%f'cgg pdroBhd Wﬂ‘u@ﬁm@

e nore re are r the pro enS|ty

. polymenmmlc&sahfferraes inéerdadoes thaMoétrnne héﬂpwl befare bmatkthmugh occurs It

th t b d th “0
is to bewrﬁsﬁrt e S5 et Bp i wiTR (B Pol ap vyheh epfes ST %

bound by W8ight 65/?61§mte9 ﬁﬁe@%tﬂe@‘ilﬁﬁ”%&c?ea@éﬁ z'.lsotﬁé total we1 t of
%e total nmetal bound t ot al

seguen
polymep gregﬂegrto gh@ﬁlh@edmmdasedd buleedethe ammmeq covn@r é Rer

ow space th |
bre 1I\thg%1}8[{ n(g,loéegrs?cﬁgpl V\fd i HnSWIU nper gm o Haﬁgéj %ﬁg’% l\fr? tall]bc%nly 9 grafted
polyme8 E&@‘Sgpﬁ m$SOaper Llﬁrpo\l\ﬁh@f Wi&lll 00%d @afiedpolyinbf. Bigdontrast, the flux
packed bed. Because there is
of copper sulphate through the respective packed bed columns increased from 10.3 void
volumes to breakthrough with 1% grafted polymer up to 48.0 void volumes when flowing

through packed bed with silica and 20% grafted polymer.
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hi gher amount of polyner grafted, although it will not
all be playing an efficient role in binding copper,
WO Poog/13d0okd al | ow greater void vol unes of wat er PET/UX2009/002784
t hereby allowi ng greater volunes of water to be
treated, Exanple 14 Aggl onerate Dye Renoval Studies
THieszrafimegtahancrasingamayatssofnal Yymesreatese thicker golymer
Y

s ML A SOt By ARGy L i v
bound [Hi¥se @asno dhétigairetie)setds foe meve cdyes reftermivnfaakthemore there

s]\g%%ch s has b.eeg) sho abov%and we concent Lﬁate on

are, they Fé’f‘?l??@s‘ﬂh fRPIUrG HOWEKFE Vihrasthe pglhymes matiip

becomésntotohhﬁks'chHﬁi Yhe [;I;E't'al% BRHb Gh ﬁie'ﬂiﬂtétﬂ%l)trﬁ@r r{aﬁﬂ‘%‘é@iltlegwlfi ¥&%s a
fromfabric dye waste water streams. The dyes used

barrler|fm¢nhdemnaelaycmwb@pamua@d wWdeeations Cprasguently, thoitpetmetal

i.d Blue 113 akl Fast .G ee
bound Y Srcidtcf B0 muviBerianed M RIS, Bbuefiia e Rotpaliier
matrix Ivmldmbwpa&dbmfe@{ the B aYARileihaedy WaswWipCEndEhANi zed
wat er. The product selected for this study was a 10%

measurgbleyaredtgl snaee Fir n@t@rddmdtomcgr reugbrihel pagked bed SBedause there is

higher %%S)BH oetgpokf%linDe {)% %wlg ?10?%88@ giaﬁ,}n%aan efPl tarﬁle in

bmdm@@cbpp%k 2R widlt low g}bguf esid Vo lumesldT vadter fiboereby aﬂﬁﬁ'ﬁlgat
pmand 10 weig %{)ercent pol yet hyl enei m ne pol yner
gTeaterg}iOéW%SdOfi‘MatSrml??rtb‘??t lica at 100 ppm For the tests,

Examﬂl?@4san‘phg§lo rgt rﬁﬂ%R@ﬁmQﬁf St’fﬁd‘i&f each test dye. An

iquot o t wt ymer grated to silica
Vidss agifedietative mt s@Njabd amdtrhadtive dgehwhlchammkmomlrnge
s.of the re ive

industry gngl o9 hoie ekl an e biate G QEb b S wh AR Elisiemiany Fabrics.

The pofé’%ﬁ? kb féﬂﬂ@véd%@?roﬁ{ fhﬁﬁc Wivhithed Beiked'eelg sHdwn d6dRMHnaSHk
water or 3 m's of the stock solution, respectively. The

concentrats @eddmonstating th@rposnnw Ito semeenesdygs @wakmiuw imethig stugly.
ect

This wéuldSinutieng fefoy 87 048 Sorb TRFC IR vt sGehms,

it dylel USRI iABRdEPRBadtive Hladki 5| IRex8ti o8 OZGE 16PDirt& Red 81,
clarify the test cells of p7roducts When conpl et ed,

Acid Blueel I3e ﬁnd Prlalor Kast Greed 8 TwResnsatvesdyrs stock salitings Were
made agggg Egﬂéﬁqp d‘eﬂm el &#ﬁe fgﬁg ya%iﬂa%%%e ce Fa%ﬁ)%fzeﬁ Wit he

he tu respective upper

IThgeodutaslestedvsrahisistitiyreasn B0td pabetigderfeimiretduyd toss
usi ng a st andard twin beam W/ VIS sp‘ictrophotorre gr. _
microngamgter HEca supplisd by Papvesa Corparatin p)d seldias paperaal 336

single HciS i Si5atCA06! 'pﬁfd W& AhdSin deionized water. Figures 15 to 18 are
shown as dyes at 10 ppm and 10 weight percent polyethyleneimine polymer grafted to 5
micron silica at 100 ppm.

For the tests, two samples were made as infra for each test dye. An aliquot of the
product with polymer grated to silica was added to one sample with the other sample
being used as a standard. Thirty mls of the respective dye solution is added to each of

the two 33 ml capacity centrifuge tubes along with either 3 mls deionized water or 3 mls

of the stock solution, respectively.
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each containing 100 ppm dye as standard and 5 with the

test 100 ppm product. The results are shown in
whe@vosmoaén formin Figures 15 to 18 for the seP@DUSIH0I/002784

dyes Reactive Orange 16, Reactive Black 5, Direct Red

81, across a range_of wavel engt hs and then_as a

cOfpayogalls evase thea gimmitanspusly shakss by hapd 4o efferd myginggfithe
. { fd ] F i e .

twin bt 8hicflobt 26 plochdls TRV GYESatifih Ao fthohchiifuge

and spurefotl 2 mifunes 4REA00 ipre t&xhanfiethtGest eeldgio Bpradudio 'Wkaaaimpleted,
Bl.ack 5, Fi gure.ﬁépfcr Direct Red 81, whereip in eac

the cenfifj ovasi FRPPG HHRQUESVETeBRIPE A ERICE AR (OHBIXABS BPSELY s

polymérgﬁxaw}’r%h%gtbgsé ¥ thétubea e | @M EoflBe $&9¥\§tiv‘é per liquor
conparative data. It can be concluded fromthe data

phasestwrat vathanaved anchsealearfpt analysesysing e standatd dwirobedei Uivi/Y
vvgt er at the 10 ppmlevel, can be significantly

spectrap ﬂW_éederb_y the addition, shaking and sedinentation by
Q@dthg tHeidiated dydleths ahaetie tnageddRicAl( ehilésQuduSikting of 5
The absor bance data show clearly that each dye can be

each cagitgjnirg irppny dyeaustarrardped § egtl the tesh $9@prmerpdust The

sel gcti ve .r. I . C ' r .
s B S5 RETE R RUEPE 1O R R v
Orange Do) Rdadtive/ BlacR 50 DadecFR L E atidss b iengdeydfakdvelengths anditearas a

S-567 . is al so reduced al though sonme wavel engths are
compafaye Bt sREOF Rigribove KOs iithathet ﬁ@ﬁaﬂg@r{emove dyes

such aéR@@tlﬁM@ﬂ?%ﬁe %k@rf%spére%nﬁ%éﬁ%i@k&nﬁ@howg% results for
aggl onerate renoval using product at is 10%

ReactiyeoOyapigh beFigurd Hefoy Rehtted: Blapb 59F gy Bhfos DitectRed 8Bl so

whereig S8 ol Tt e Ao e Aed FeBBRes s Vel chenn i

cm ! a&?mg&ﬁyﬂﬁﬁgwtﬁ@c&ﬂpgg@véﬁﬁion silica as described in
t he '

tal filtration studies. The solution dye is
doei exeahchidet frone thealayatbat epchiof tit sampléidyesuwhercaddsfl to

. .the sili rticle and,can be seen as a,.concentr.ated
aeionigg S pias PERPFY s CRAZ T pEosR R
shaking€ Shd/ BeHiMehidti6h BR Beﬂtﬁftﬁlﬁmg oetheisdlcobd apyeaicpting Predudy The

passi ng through the col um bed. Consequently, the dye

absorbayng dsga sheosiearbihabeachalye satbe rignticaniy rsyecd The seseks

ed filtratio netiti.v | i ng
sove 5 M IR BRI SR 4 Bl
wavelehBs foithe dges aptshoas ihyhd denparabrtremevalddgareil8cthedylaklor
for exanple, copper, lead, iron, silver and %rter cury.
Fast Giepp §r 26 /118 alegauced @lthpugh somewarelengthsare reduced mgretan

others Wchthifife é%lelg Settal ﬁé&ﬂ@g%rg%fﬁ?'eﬂo\ggimt. of this

Irnvention rern DDD nmeans easi er displacenent than

[ eaapglomertigrramewali using praduddthat xx1 (06 potyetlpdaneimine lgyafted
onto 5 ﬂiigrr())lnas?hecatig g]r;o )éz)(r’xﬁr?r?e \izvﬂent t%g %ycle gg]ﬁtigrl? ?snpa)s(s'ed through a packed
bed column of the product that is 10% polyethyleneimine on 250 micron silica as
described in the metal filtration studies. The solution dye is complexed with the polymer
grafted to the surface of the silica particle and can be seen as a concentrated dye bound

tightly to the upper limits of the pack bed column with clean water, devoid of any

(93]
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A packed bed col um was prepared as set forth above. A
100 ppmprimary netal cation concentration as a netal

W@ eophstogs sol uti on at roughly pH 6 was passed PEF/Os29n9/602784
previ ously prepared packed bed col umm consisting of a

detcctaBlgles s hepuEboh 91KmeIedoRoBseRbey: FiraeIcanLR gomoved

by eith8} éggl&ﬂe%%n %ddé\’&%él&do&ﬁtﬂlﬁh’ﬁorp&hhé the col um
showed sol ution breakthrough, 1 n other words, the

Exampled8i @gmpairiivé Bmding ariderplaymmtrtﬁMfctal Gateonsow f ul | y

SetndlFing hat g B Frée B B invelbve Bedh iriiue 81 o

exampMQtéhpép) 184 $ronQsitlRran® hiefduy tHlire 19 sRbWEBe/diffh&InSent factors
cations were di spl aced and were bound tightly. The

associaieowiH alaﬁyvaﬁstvélm%lﬁ when aising tai Roky mersofi thisinysaéios gvheesin 0 O 0

means %%zergdgépgé%nﬁeg\g far ‘j] #‘gtr“g tnﬁg leLa.squI tﬁ?lh ﬁ]t XS(Q ?né%ﬁg eg%mﬁély to

displace alidnoxx, @ad imeurn Téss shaalxiat e was anal yzed for the
pri mary and the secondary cations to determ ne

th ea%mhefiyobm e Rpaicl oRe topha L5} AcHY prn primary metal
cation QFHcER$Lon égrhem&%@ Siphd18 sETL Qs §t rl)ﬂglﬂp Y56 w&ggaésg through a

propensity of the primary netal cati nsto lsp ace
prev1ouslbepl$pamdd1aclyedﬂmdadolmnm camsssting of aipeoducy banting €0 syesghe percent

t hat ~ > Fe >
polymesbRiund S RESdiAs BTl EiarT s Snigt. T ng chisir s
allowe@ RfcGiRihub QnfiPihe @6fudth $howed@oRABA Brdaktbudt) ¢ B@®BPwords, the
cavities within the cross |inked polyner matrix to

bindingeavitiesinwhe polymetmagripimaowafubly spgrased withitheprimenyanetal.

Tap i@ \Ben BissP MBS Be kBlok AE1RS 3o, il find §les §8icARumes

to dem@hs@@icCthatnd primatyfiefats cfidng weR\HsplWeatant Svezé amrmlgtﬁry
A conposition of matter, said conpositio

1.
The secandpii @mgeatmn selugioniwasdhen passed dawmee M@itm;n gmd ﬁlﬁ@l@te
collecté)cpatttﬁgbg‘tlljcgrﬁ g;l‘b%k@@f)ed %d] s%tu[??lle%( Q}?fh HELA er 7 o PMJ}F

conS|s essent |
columrp Cﬂhwﬂﬁate @was)analymi for tieopritharg and piod ;ekrendarf mieitgl ca1mons to

determellsc OQ § R ﬁtﬂa n(ff?%] igBiB; #éiéffvc)sr@%?t'n%r?) eorsé?ﬁ'ﬂv)lg Figyrey 14
shows f?ﬁt)bsﬁt 0 sﬁg of iR ]k'hé@éi RABE 1B cﬁﬁﬂzﬁzesthé é&@ﬂ&!ﬁy metal

ate by’ a silane Tinking material having t
cationsgitbe avehtiversyséem that was Cu= Hg > Fe >Pb> Ag.

This series is similar to the charge densities of the metal cations and can be
reflected by the capacity of the nano cavities within the cross linked polymer matrix to
complex with, and to bind, a blend of similar metal cations. By extending this principle,
the section and propensity of metal and non-metal cations can be predicted for binding

and removal.
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G3/2Si QY that is derived froman al koxy-functi onal
silane, said silane having the general formula (RO 3
W@ 13%0e¢ ein R is a hydrocarbon group havi ng PCDES209/002784

6 carbon atons, Qin each case is a hydrocarbon group

.havlng fromO to 6 carbon atonms, X is a functional
What i3£181m€d 1§ ect ed from the group consisting of epoxy,

hal ogen, nethacrylate, vinyl, am ne, allyl,

phosphonate, styrlam ne, and sulfide, Y is a residue
1. Afcoopoaitionred masienl sagh eampasélomatogtprisingm t he gr oup

consi s§i ng _qf epox al ogen, .. met hacryl at i nyl.,

ani ne, ‘I\al ?ﬁﬁ{cegﬁso%%ﬁ%%ghlg\%ngtsg}?,qogsn?lh@é SHﬁfgé%%’qu%&e;

the i ngi ph @BlynafiRelette froht the Hrb @ €orRRtNY eSehtidlfy O

wei ght percent and the incipient anmount of the "pol ymer

bei ng 0.1 t@d) 58 Wa¢rghlublepel¥mer, bot h based on the

wei ght of the.sili u ; any excess sil ane

bei ng react e@lvvlbt a?%%éﬁ]rbzea%ﬁ)\[)@egr oups on the pol yner

that are not (iii) i hn ZlechdlGobtnpalamey bond t he pol yner

wth the siliceous substrate, said polyner thereby
bei ng cross| (iNk&d axohgl salgble copRly@gr. pBde of the
pol ymer. 2. A/&O Ebk : tgted in claiml1 wherein
the sil ane |§ﬁk?ﬁg‘%ﬁﬁé‘¥‘§*ﬁ?§‘ﬁ‘f‘§"fé Fived O fromthe
said pofirharteifR0)ie8iy Eheed @ @idbhidicedus substeate hy aailare lafkidg
aﬁﬁ 3. 3 A coq&osi tli on as clainmed in claim1 wherein
materig] having the generaldarmylay e “si | ceous substrate is about 3
to 300 nR2/gram 4o, &jQenposition as clained in claiml
~ Wherein the polyner is polyethylene imne. 5. A
that is desiyeddiam en adwxytiungieaal nlape.aiard silapk bawng thehgenpuil formula
is an acrylic polq\ggsrs. A conposition as clained in
- claim1 wherein the’polyher is a polyol polymer. 7. A
whereit RN @diyldrsvartish @bap ARdng frofil Btd1s ¢arbbe ainis, Qhia cach y4¥elis a
is a polyam ne polymer. 8. A conpasition as clainmed in
hydrocarbgn graupnpasieg ﬁom@t%w}h@r atpEs, & ifrd fenctionsl greurysriegted

from th o AR g WP Al Reb ol RS i, <ByFERROR O

phosphpty n@yrlaminehandssul fides YU axefidte fbm d functioridh growpnglecetl
. about 1 to 20 i ght percent based on. the total weight
from thefere¥RCNSISiRE of Shek% Hglog?qsi%%gq%ylé@bgw @gine gllyly

phosphS?ﬂQosﬂutli &ea%&él@ﬁ{?d in claiml wherein the weight
of the’ polymer on thé

the incipient amount of the silane being 0.1 to 25 weight percent and the incipient
amount of the polymer being 0.1 to 50 weight percent, both based on the weight of the
siliceous substrate;

any excess silane being reacted with the reactive groups on the polymer that are

not utilized to chemically bond the polymer with the siliceous substrate, said polymer

thereby being crosslinked on or near the surface of the polymer.
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siliceous substrate is in the range of about 5 to 30
wei ght percent based on the total weight of the
w@oinsi4@and the siliceous substrate. 11. A coP@DBER1000002784
as clainmed in claim1 wherein the weight of the
pol ymer on the siliceous substrate is in the range of
2. A commgsitipnias clgmgdiin glaimpdrwhareinghe sitngdinking materinl mdegred
of the polyner and tBe siliceous substrate. 12. A
process for preparinpg a crosslinked polynmer that is
from thehlahe aCHYORSARY ) JOo—Chehatinf,das adklue ofilltbGeous
substrate, said process conprising. (1) heating a
A cﬁrwp&étt@«nrﬁsmamgﬁﬁ@ Alaisl whgrein thesuiface akaa) qfﬁh%lgg@us
t %p%l,ng a predeterm ned armount of a
Su{’%&?oﬁf??éﬂggﬁa yst Is an organic acid, said
A oongmsit'mnaxs icthiimad ii unn glafm drwher¢ia the pdyimemsaiod)ymhyl(exhd in)ine.
addi n pr det ed ano unt of silijceous substrate
A RIRRONYoP s laped i PRI Y e(f?lv)thf'a YRGT 15 Pt REY
A &Hﬁié@ﬁloﬂfas%ldlﬁ‘ﬁg if BlaRh qw&@ela thd %ﬁpﬁqe} 1smk¢digolrwﬁﬁéral
said silane being an al koxy-functional si'lane having
A oprrmog@maraalcla‘lmpm el(am)l Ml&rcgﬂ( thﬁheqlﬁmnr R a polyamine polymer.
A YRS ke Al Tl o bl Bef Bl DaR P wefghcin
the 24t 190030 206,006 Dattoad. grourJ selected fromthe group
consi sting of epoxy, . halo nmet hacryl ate, vinyl,
9. A campesitiog|as ylaimed i plabh ét%her@tlm ‘é(ﬁhghEeOf they eowmmaéhe

e SRR RO B Ay PEBA il BB e

weighboihthe pblymodryanmerthe sabebupehtysmte bei ng sel ected from
the group copsistin |aII mater sol ubl e
10. A ggmppgifion @s FPHBCCSAH’( %? lﬁhge‘?fat ? P#! yynepAn t the
mlek&smh)sé&k agb thE’?eHg@%rfabédt\S)to@@ @@gfb@heﬁmﬁ&% ®n the total

copol yner, conbi nat i ons of
weight of the polymer and the siliceous substrate.

N ow s w

o]

11. A composition as claimed in claim 1 wherein the weight of the polymer on the
siliceous substrate is in the range of about 7 to 15 weight percent based on the total
weight of the polymer and the siliceous substrate.

12. A process for preparing a crosslinked polymer that is chemically bonded to the
surface of a siliceous substrate, said process comprising:

(0 heating a predetermined amount of water in a reaction vessel with
stirring;
(1) adding a predetermined amount of a hydroiysis catalyst that is an
organic acid, said organic acid having from 1 to 7 carbon atoms:
(II) adding a predetermined amount of a siliceous substrate having
reactive silanols;
(IV) adding a predetermined amount of silane to provide a silane
linking material, said silane being an alkoxy-functional silane

having the general formula
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14.

15.

16.

17.

(VIl) stirring the conbination of (1) to (VI) for a
period of time of 15 hours or less at a tenperature of
wao®oagroa¢ | ess; wherein the incipient silane PGI/US2009/002784

present in the anmobunt of 0.1 to 25 wei ght percent
based on the anount of siliceous substrate and wherein
the incipient sil afBO)sS KPesent in an excess with
regard to t I I t o

of “the si 1 onetsah R is BHMtkarthn'ef IO LEN Y CLOHRF

in clai m12atehes; €iis aﬂiydrdbagﬂﬂigttow}ﬁhailmgsfrﬁlﬁ&l 1005 &boh atoms,
14. A proc 12 wherein the

l. d
anount of ; aﬁwgagﬁ'wge 859@5&%6 d;?,% &he group copsisting|
provides a e%b'x?fha‘ﬂog%noﬁle{}ﬁ&?latéﬁnnﬁ aﬂﬁﬁ@eacifyl shospRodERY

in claim12 wherel he condensation catalyst Is a
wat er sol ulstyrlamikg) bechsuifidell f oni ¢ acid. 16. A process
as cl ai ensat i

d ip.claimi5 wherein the.
at al yo T il EREERrY g Embun{ 3Rl opatnsalen sualvs
cl ai megviyn a@imiom ﬂrzdmlﬁedwmhbﬁnco@@amt saqtnp@@h@k 1$§1'hg

is an alkyl titanate.18. A process as clainmed in claim
17 wher ei n selested drame theegrpumcensisting sssentialisefr opy |

titanate. 3 aAwQ{eP‘g(ﬁfiﬁle?)%ly‘fnee}' nmed in claim17 wherein
ti yst I's

the condens8ti‘on: ca ethyl titanate. 20. A

process as (i) ai waer sotutsle aopolimerpher ei n t he
condensat i on catalyst is butyl titanate. 2 1. A
process as (HDapslrobal solublepalymgger ein t he

condensat i ogy)g?hngg%ﬁgl go?sui eII hﬁde\nat e. 22. A

process as In claim efein the
condensat i ofv)cavmabimstionssoffii)gs€v), i n t he reaction

vessel js 0.05 to wei rc ased

wer ght(8D itnoptic intadiiaB @ (VbrApsrs ebdget 15
claimed in Héxﬁkﬂ?ﬂe@sa\flfhef rdthe JI'100eE%rliésEe does not
exceed twel ve hours. process as claimed in claim

12 wher ei n wheregi tlhammplcnﬂ@xlnge isaresentin the agenntadd. 0tg 25
\

weight percent based on the amount of siliceous substrate and
wherein the incipient silane is present in an excess with regard to
the total amount of reactive silanol groups of the siliceous
substrate.

A process as claimed in claim 12 wherein the organic acid is acetic acid.

A process as claimed in claim 12 wherein the amount of organic acid present in the
reaction vessel provides a pH of 4.5 or less.

A process as claimed in claim 12 wherein the condensation catalyst is a water
soluble alkylbenzylsulfomc acid.

A process as claimed in claim 15 wherein the condensation catalyst is to]uene
sulfonic acid.

A process as claimed in claim 12 wherein the condensation catalyst is an alkyl

titanate.
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18.

19.

21.

22.

24.

25.

26.
27.
28.
29.
30.

33.

fromthe silane (CH30 3Si (CH2) nC-C wherein " has a
value of 1 to 3. 25. A process as clained in claim12
wob@pes4é he surface area of the siliceous SubRCT/HSM09/602784
about 3 to 300 nR/gram 26. A process as clained in
claim 12 wherein the polynmer is polyethylene imne.
A process gt daisens iaglaimal 7E*erherlem the gpadensatignegagdlysttihisopropyl
tit té(mer is an acryl ic polyner. 28. A process as
ai'med in claim12 wherein the polyner is a polyol
A PRICEBE4s chQnedAn RIAEESBwWASreli e GBidenBatidnadakal yst iy\iRyiaitanate.
the polyner is a polyam ne polyner. 30. A process as
A ProseHER ¢lﬁme-,qdamrwam Wherein the sopdsmgatian gatadys i1s butyl titanate.
t
A BRICEGH MR ol 17 Gndr@lific EondtHiichitafilty Wiproyl
tithrkee.Wei ght  of the pol ymer on the siliceous substrate
isinth 1t 0, 20 i ght percent based.
A BrpE AT BT W EHEIBF AT SRR 13 B
thé pasib RV Esse B3 0.05 BINE a»seigmeﬁéeat PR i0fl thd @elPhi 8f the
wherein the weight of the polyner on the siliceous
silsngbws sutisgrates i n the range of about 5 to 15 wei ght
rcent hased .on th
A BRSE 13 S 18 itz Ehetyia R Biiee . b ot Fkes
tweh@iHpui Wherein the wei ght of the polyner on the
siliceous substrate is in the range of about 7 to 12
A wrdcgst apdpisestinslas@ad 2owherpia the sidane lmking materighis derived
pol ynmer and the siliceqys substrate.34. A process for
preparing a crosslinked\polyner that is chemcally
frohothe edaﬁ@(amg))g&(d’:ﬁg)aCe# C aviridin g haus valubsf t a6 8, sai d

process conpri.sing ). heatjng pr edet m ned anount
A Brocgsaininied ig AL bFrel@sﬂg%Fur ceRrea 9fithe siYceqiier ei n

suB?c?at@ gg@&hﬂgg,o i © 9 carbon atons; (I I') adding
def'érmi'ned amount of a hydrol ysi s cat al yst
A pedcesst &ccldineach iorctpami 12 sldrein thapolymeft lmlﬂ_eth}deﬂe maneon
atons: (I1.1) addi nrg \g{led.etgrm ned anount of &
Agrqcaf»ﬁofrs J@n n‘E&ﬁ‘ i 2cubeIFpdpe PRLYGACT Lh AR 960y éc polymer.
pf&@@é & iRkl i wtlzqfvhe%bllnl tEEPYISNRHRSE pAYS! sthad. ni ng

eactive 'sil anol s; gg a predet erm ned anount
¢

A pfocsid mdammdpn mbgma@e\nherel@ pelymgnis dpeligmme polymer.
A fa)lrolégé(sy as cligll%%eldqpl %iau%l 1|2av0 ergl%\lchen golt)/pneezr H&S rrn%llectjparr %1 ge}lt in

the range of 1000 to 200,000 Daltons.

. A process as claimed in claim 12 wherein the weight of the polymer on the

siliceous substrate is in the range of about 1 to 20 weight percent based on the
total weight of the polymer and the siliceous substrate.
A process as claimed in claim 12 wherein the weight of the polymer on the
siliceous substrate is in the range of about 5 to 15 weight percent based on the
total weight of the polymer and the siliceous substrate.
A process as claimed iri claim 12 wherein the weight of the polymer on the
siliceous substrate is in the range of about 7 to 12 weight percent based on the

total weight of the polymer and the siliceous substrate.
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(RO 3 SiQX wherein Ris a hydrocarbon group having
froml to 6 carbon atons, Qis a hydrocarbon group

whawongroic om 0 to 6 carbon atonms, X is a functPOEE2009/002784

group selected fromthe group consisting of epoxy,

hal ogen, nethacryl ate, vinyl, anjne, allyl
4 A THOeRRCEPEPIaRE S P e Bty i TR G chemitailhonded tq the

sRTRARIGI TR s auate, did PROKEREomSish: POl ymer bei ng

sel ected fromthe group consisting essentially of i) a
wat er ol ubheatipglaymedeterfriingd amowsttof alsohelh e reagtionyvesse]
(ii1) an alcqhal. sol ubl e.pgl yrer i vy an .alcohol .
sol ubl e cop‘?ﬁ ﬁé?}ngaﬁv © ﬁ&gcﬁlftﬂhﬁ%\@?soﬁﬁ%mgfto 9i 3arr]‘f°c§‘ atoms;
(iv), @y!')addihg & prdieterminedraduat bOMhpdrolys)s datalysykelected
for a period of tinme of 12 hours or less at a

t enper at ur effem organde g¢ids Bayng {eaY bt 7 £a/bop atoms: of

pol y 0 Sist.C hSaft e : .
ey or ;R F RS BHERED hBubCof 4t R6L K ARGRAADn Eayse
the i ndVpi enddiig] 4 predetesmpred aeunt of 4iheoasrsubistraefcotaining
to 25 wei ght percegnﬁpased on the weight of siliceous
substrate aFfdcHHes! S he incipient silane ispresent

in an @X)Ce_s:i'ﬂdm% &'gfeﬁg@ﬁhﬂee ahldRint Of Han@BOWHngYent, said

reacti ve silano roups on the siliceous subStrate.

35. A pr ocesitanedenigraimaloxyrfunictiomal 3daneHeveigthe igeneral

wei ght of the | ymer on the siliceous substrate is in
the range oorﬁﬁ’g%t 1 to 20 wei ght percent based on the
total weight of thgroplsigx and the siliceous

substrate. 36. A process as clained in claim 34

wher ei n t hevhgseighit iod hydrecasbory sioup davingdrom |l jte §sgghon
substrate is in the ra of t. 5. tQ. [

per cent badhymonQ i fBEy Bin AR naPinktioty 915 obtun groms.

the silicegxss s akftibadlgrodyseldstdd fiodshe g®up lcahsiBihg of
cl ai m 34 wherein the vveitght of the polyner. on the
siliceous §P®hhalogengnethagrylate, Yiyd aming byt phosrhopste,

wei ght perg&?l:;mﬁﬁée&doﬁlﬁ&e total weight of the

pol ynmer an e si’'l'iceous Substrate.
(VD) adding a predetermined amount of polymer, said polymer being

selected from the group consisting essentially of
i) a water soluble polymer,
(i) a water soluble copolymer,
(iii) an alcohol soluble polymer,
(iv) an alcohol soluble copolymer, and
(v) combinations of (i) to (iv),
(VID) stirring the combination of (I) to (VI) for a period of time of 12
hours or less at a temperature of 75 °C or less;
wherein the ratio of polymer to siliceous substrate is in the range of
P:S wherein P is 0.1 to 50 and S is 99.9 to 50, wherein the incipient
silane is present in the amount of 0.1 to 25 weight percent based on

the weight of siliceous substrate and wherein the incipient silane is
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44,

45.

46.

47.

48.

49.

- APrcgRnteclagef in Kol

38. A process as clained in claim 34 wherein the

al cohol is ethanol. 39. A process as clainmed in claim
w@2009ha70eé n t he al cohol is propanol. 40. A pr oREFESHE9/002784

claimed in claim34 wherein the al cohol is

I sopropanol. 4 1. A process as clained in claim34
wher ei n t hePEPTBARBAN FXcess Mithregard & HgltE@hé‘Pgl.lmzpf.re%twe

process as GlAbIBdubs oft iR Mibudbsehi, t he organic
acid is acetic acid. 43. A process as clainmed in claim

. APtosgiseaeilnindtbinariaoni4 vhexsimgtheiveeigitiod tir pslgmeer om thehsiliceous

reacti.on vessel provides H 4.5 or less, 44. A.
subF 3 B8 ke R A8PH TR PR pitoch Ragedn the total weight of
thé poHengaht R sata&ushibdiate Wat er sol ubl e

al kyl benzyl sul fonic acid. 45. A process as clained in
A prregess avclapmesdainrelaime3 4 whersis@e ivesight #f shepnlyingr emthgeileceous

Ry [ ) . ' i.n. claim34.
R e v b a3 e Rl RS € TarWeighe of
tht ipbBMmedrand 4fe silcqpuecabsrags cl ai ned in clai m 46 wherein

t he condepsation catalyst i.s isopropyl litanate. 48. A’

Apyrge%s§ &s g.gailgpgm@lalm g4 é’Yh&FerHl e Vﬁéme(i’fﬁh? pelymer on the siliceous
S 3 rog
S e Y oo St pore M B e B YRR Sor
the patyahgrsindithe filicgdustsubsiragd.e. 50. A process as clained in
cl aim 46 wherei n the copdensati pon catal yst is n-propyl
_ Lo Br alcRbel 5 RUBRG m 34
APR&IEsE & difien 0N EenmAI4 Where Rl Bk YRbhISs BFspagsit i n the
reaction vessel is 0.05 to 5.0 weight péercent based on

. Aprmeceseagtieims(d intedaimi 34 wherein theplsohaltis isoppapolpr ocess

| ai med in .cl aj. ' h '
- ARt BT W ROB A alcDBo0E 553 b ReRT
. Apkctess adclaiaidah R1dimes sSwhérdim the bidanit 4tkd Bracétic acd.

- derived O/ \ fromthe silane (CH30O) 3Si (CH2) pC-C

. A REesess 35 claimed ig claim 3¢ wherginithe gmount of organic acid present in

the reaction vessel provides a pH of 4.5 or less.
A process as claimed in claim 34 wherein the condensation catalyst is a water
soluble alkylbenzylsulfonic acid.
A process as claimed in claim 44 wherein the condensation catalyst is toluene
sulfonic acid.
A process as claimed in claim 34 wherein the condensation catalyst is an alkyl
titanate.
A process as claimed in claim 46 wherein the condensation catalyst is isopropyl
titanate. .
A process as claimed in claim 46 wherein the condensation catalyst is ethyl

titanate.

A process as claimed in claim 46 wherein the condensation catalyst is butyl

titanate.
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50.

54.

55.
56.
57.
58.
59.

60.

54. A process as clained in claim 34 wherein the

surface area of the siliceous substrate is about 3 to
wa@®INEIgr am 55. A process as clainmed in clai PeBYS2009/002784

wherein the polynmer is polyethylene inmne. 56. A

ARBROGES 5 Famisiiim S bl B ctTe ol it e,

titddatwherein the polynmer is a polyol polynmer. 58. A
process as clainmed in claim34 wherein the polyner is

. Apregssy anélaiengsoneham 345 whersinthe cendensatian eatalst is pregéndiim

tnf Segb8h P te % B T ot e SRt Bty ¥ HE Bl by

sifdconatubdgat. cr oss | i nked polyner that is chemcally
bonded to the surface of a, siliceous. substrate, said
A presessss daimnd igickim 34 Whergin the grocess e dessigisacestount
ol and water in a reaction vessel with
t‘@heﬁﬂrol%gg, wherein the al cohol has from1 to 9 carbon
A ptamss andainiedrieichainh wherem the sdhredindding mateatkis desved
the range of 99 to 1: 1to 99; (I1) adding a
pr edet er m ned anount of/ \a hydrol ysi s catal yst sel ected
frofd O SALQRT ;PSS HE HHRTHPE WHePEh | hhda Yaledbb@ho 3t ONE:
(I'l1'l) adding a predeterm ned anount of a sil anol
A porngenasatl sioredancidimsi4 wherein the duriapeaares efdbe siligeousd

nouynt. o recipiht ad,ed siliceous substrate having
SUEF?%ﬁdﬁgg%Lﬁ?ttﬁg% lf?f/%rgléq;'(\/) adding a predet er ni ned
A Pravesd as0dlaisiddan ezl wheredBe polyaddr Gk solyethgleheimigean
al koxy-functi onal silane having the general fornula

A proess &5 dunyddp slaimB34 whererythe elymss is Y P ineRlymgr-
f . : : .
L e S S DL .

A protetd andhingiddu plaml Rcwheteinr thapbdlyeeg ivaipolyamaiegiolyrgerof
epoxy, hal ogen, nethacrylate, vinyl, amne, allyl, . .
A prSSHRTRRBddD A B A ergidbe apBinss hag ‘%/F)O'l%‘Lﬁ' fight in the
] f pol yner, said polyner being
ra.l?éﬁet?ff(ﬁ)b% 2?2,8@5 PHHons

sel e fromthe group consisting essentially
A pfocess for preparing a cross linked polymer that is chemically bonded to the

surface of a siliceous substrate, said process comprising:

D heating a predetermined amount of alcohol and water in a reaction
vessel with stirring, wherein the alcohol has from 1 to 9 carbon
atoms and wherein the ratio of alcohol to water is in the range of
99to1:11to099;

(I)  adding a predetermined amount of a hydrolysis catalyst selected
from organic acids having from 1 to 7 carbon atoms:

(II)  adding a predetermined amount of a silanol condensation catalyst;

(IV) adding a predetermined amount of precipitated siliceous substrate

having silanols on the surface;
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61.
62.

63.

i) a water soluble polyner, (ii) a water soluble

copol ynmer, (iii) an al cohol soluble polyner, (iv) an
W@b@ohslo46ol ubl e copol yner, and (v) conbi nati oPGI/082009/002784

to (iv), (VIIl) stirring the conbination of (I) to

(M) faqr a period of tinme Qf 15 hours or less at a .
temper &ur dgingrapredgienmined amgyat %f Wapp goyplineegpt. said
pol yner to_§iiddetRASarsHRSLY-RirtibSal isladd Wavi)GE eRherki S

wherein Pis 0.1 to 50 and Sis 99.9 to 50,” whérein
the incipi efrmeild ane is present in the anount of 0.1

to 25 wei ght percent based 0@}%{3& ght of siliceous
substrate and wherein the in 3EACsi | ane s pr esent

in an excess with regard to the total anount of
reactive sil ano,lndgr.ou s on the siliceous substrate. 6
1. A proceshersind & apydrpearbom erpupdayingrfieom 1itpé carbon

noal i m oo e P SGibon roup hePLBTRAR 035 CoPdiBfloms.

I n the reacXiipnresthedtom admdienabgrptp sdlected from the gsoup
63. A process . as clainmed. in claim60 wherein the
condensat i 6ANIHING gfepoxy; halogghdnethaerykte vinyl, amine, allyl,

al kyl benzybablahdhe, s, afy BiiRGEsS as claimed in

cl ai m 63 I'n the tondensation catalyst is toluene
sul f onf\d) aciddingsbpredeteroined smasnicodigiakpder, said pal ymes deing

wher ei he condepsation catalyst is an.al k
e e G EERR R 8 BeS i Bk Rfim sl 65
wher ei n t hej)condars abiuBR godyméyst is isopropyl

titanate. 67. A process as clainmed in claim®65 wherein
t he condend@ izowatensablscopalyaehy| titanate. 68. A

Condensatt diVe4tars e FERBRnel 210 60, A
process as (g)aaneidohdl solubledpblyhal &id t he
condensation catalyst is n-propyl titanate.
(v) combinations of (i) to (1v¥,
(VII) stirring the combination of (I) to (VI) for a period of time of 15
hours or less at a temperature of 75 °C or less;
wherein the ratio of polymer to siliceous substrate is in the range of
P:S wherein P is 0.1 to 50 and S is 99.9 to 50, wherein the incipient
silane is present in the amount of 0.1 to 25 weight percent based on
the weight of siliceous substrate and wherein the incipient-silane is
present in an excess with regard to the total amount of reactive
silanol groups on the siliceous substrate.
A process as claimed in claim 60 wherein the organic acid is acetic acid.
A process as claimed in claim 60 wherein the amount of organic acid present in
the reaction vessel provides a pH of 4.5 or less.

A process as claimed in claim 60 wherein the condensation catalyst is a water

soluble alkylbenzylsulfonic acid.
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64.

66.

67.

68.

69.

70.

71.

72.

73.

74,
75.
76.
77.
78.

79.

70. A process as clained in claim60 wherein the
condensation catal yst present in the reaction vessel
WO 2000/1884¢ 0 5. 0 wei ght percent based on t he weP@huUS2909/002784
the 5 siliceous substrate 7 1. A process as clained
in cla|n160 roc t{ me does ot ex eed
A PRacyeahdatne Aé%we sg%fteaﬁ%uw el s inlese
sulBBicelcky.t he Si I ane | i nki ng rrat erial is derived O/ \ 0
fromthe silane (CH30 3Si (CH2) nC-C wherein " has a

5. Avpalages of claineed3in ck8m 8 whaemsbe agndeinsativmctatalyst ipamalg ol

wherein the surface area of the siliceous substrate is
UtaRdiet 3 to 300 n2/gram 74. A process as clained in
A gt@e@ B0cINRI B 21 e SPRhSHERY thé SoidnYAIdAYdagiIit 1 aasproﬁﬂ
process as claimed in claim®60 wherein the polyner
tithrateyn acrylic polyner. 5 76. A process as clainmed in
claim 60 e r I 77.
A RS AR T TRhPE ik Bt coint Bl
titiigat@ pol yam ne pol yner. 78. A process as clained in
cl aim 60 wherein the pol yner has a nol ecular weight in
APH%?CFSaitﬁg“e!alﬁfedl'OGbﬂ@‘&52‘(?)bﬁf9'@dl1®8‘l"td6ﬁ§at1°?§ata;§ysbt ¥s as
titahh@ Med in claim®60 wherein the weight of the polyner
nthe 0 siliceous substrate is in the range of about
A prdoes24s cleingdatin pknmeﬁ:itw]hmsmdh@ rorideesatwnaiatalyst ¢ii-pofpyl
the polyner and the siliceous substrate.80. A process
titaRate:| i med in claim 60 wherein the weight of the
ngc\‘,g@is QRin}dd6in 2idith GBOVRersRAL EqtiRniatiohRatalat pRRas iRf
bout to 30 wei ght percent based on the total weight
thofeattien pedsyhie0.Qdrtd Sthevesghtiperasnsbasad on ithe weight af the
li) oces ﬁ'ﬁ claimed in claim®60 wherein the weight of
St ct‘?gui)%%? ‘on the siliceous substrate is in the range
A gfocam cldinied iA 2l @hWhdeihGBObrodasaiin®@dodsift tadeall
ht of the polynmer and the siliceous substrate. 82.
tWA1V|§ &ss for preparing a crosslinked polymer that is
ABRRILLA él%n%%rlg%Eurtn%Ot\pﬁeréiﬂrtﬁé‘giﬁangflinﬁx% AERAYS derived
rate Sai d process conpri sing: eating a
predet erm ned anmount ofOwater in a reaction vessel
Wt h stirrilqlg' ) /\ )
from the silane (CH30)3Si(CH,),C—C wherein , has a value of 1 to 3.
A process as claimed in claim 60 wherein the surface area of the siliceous
substrate is about 3 to 300 m*/gram.
A process as claimed in claim 60 wherein the polymer is polyethyleneimine. -
A process as claimed in claim 60 wherein the polymer is an acrylic polymer.
A process as claimed in claim 60 wherein the polymer is a polyol polymer.
A process as claimed in claim 60 wherein the polymer is a polyamine polymer.
A process as claimed in claim 60 wherein the polymer has a molecular weight in
the range of 1000 to 200,000 Daltons.
A process as claimed in claim 60 wherein the weight of the polymer on the
siliceous substrate is in the range of about 1 to 20 weight percent based on the

total weight of the polymer and the siliceous substrate.
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(1'l) adding a predeterm ned anmount of a siliceous

substrate having reactive silanols; (l11l) adding a
w@e@dasmuaeri ned anount of silane to provide a sSPCHIE2009/002784

l'inking material, said silane being an

al koxy-functional silane having the general fornula

80. A(reyess & cRImphinsI#ROG wherehy e secigidon thg pRlpmeaen H
S bubad 67 PeLeREarol) S5 S0 YUl Lol e

togH] ewdiglttalfeled pal yineoand the sijiceonys subsisatst i ng of epoxy,
hal ogen, net hgcry]: ate, vinyl, amn
tyF

81.  AJPRoSE¥iTAame OR awher H%W?‘ngs‘?fa‘k‘%l?lyglfaf’ﬁéh%

5 sfé’{c})@glg%sg{b@rﬁ‘éqis AMERIngBhbrabddamab 15ARdeRSRIEA0bERE %gxﬁé ;

Ing a predeterm ned amount of “pol yner, sai
tqgol wereht bietha gobmher@nd thef sibenoub suliptratep consi sti ng

2. AGRErSUr bspRns boRpa PR Ao P B bl o e
sulfRbY SIS silibdots sabstate; ahialprebiddipeapel yner, and (v)

conbi nations of (i) to (iv), (VI) stirring the )
conbi nd} i onhesfting ja)predstqrpined pount gématad 1A reacHan yessgswith

10

hours or | egﬁc,mgé, a tenperature of 100 OC or |ess;
wherein the i ncrpient silane is present in the anount
of 0. 1Ino 28dingiaghédepamingiltanhagedf asilicheusasubstrite biving
siliceous substrate and wherein the silane is present
in an excetactyefilangl§ard to the total amount of
react i ygy)si| QiSinfthed Qo lof SRS o PHATES Abifane
83. A grﬁ&cesag%graq%r epapﬁn% a %r ogsﬁi?%téeg%’pol ymer1 t hat
i s chem cal liykingmateetidl psaichsilamna btmganciik axysfuhctomal silane
substrate, sai.d process co ising: (1) heating a
15 predet er m nE%IV‘B engjal gqrg@ﬁf’ol in a reaction vessel
with stirring, V\hem@g}gitp( al cohol has from1 to 9
carbon atons; (I1) adding a predeterm ned amount of a
si l.anol condbersint Raha bpdratarben group having from 1 to 6 carbon
atoms, Q is a hydrocarbon group having from 0 to 6 carbon atoms,
X is a functional group selected from the group consisting of
20 epoxy, halogen, methacrylate, vinyl, amine, allyl, phosphonate,
styrlamine, and sulfide;
(IV) adding a predetermined amount of silanol condensation catalyst;
(V) adding a predetermined amount of polymer, said polymer being
selected from the group consisting essentially of
25 i) a water soluble polymer,
(1) a water soluble copolymer,
(iii) an alcohol soluble polymer,
(iv) an alcohol soluble copolymer, and
(v) combinations of (i) to (1v),
30 (VD) stirring the combination of (I) to (VI) for a period of time of 15

hours or less at a temperature of 100 °C or less;
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(1'1'l1) adding a predeterm ned anount of siliceous
substrate containing reactive silanols; (IV) adding a

w@e@dasmuaeri ned anount of silane coupling agentPCEHEEZH09/002784

sil ane coupling agent being an al koxy-functi onal

silane having the general fornula (RO 3 Si QX wherein R
i s a hydr ocwhesin e dngipinahsilape fsrapsent indhe amgupioef 0.1 to 25
atons, Qis_a. f

oL oo o Cl FLRGRARAR SLAUAION] AHEA Byaf an
the group caRsieht thegilafe xepwsynt ihah egesss withtrogart o ateetotal
vinyl, amne, allyl, hos onat e, rl amne, and

suI fide; \emaw.qﬁgea& Eﬂ@pbgrmua%a %‘ﬁéﬂﬁ?o‘éﬁs ubsirstfrer

A b S t Frr

swﬁoerofmmrtﬂoas smhzsu‘agenmd P(qcesss)comprairrgahol sol ubl e

ol : hol .sal ubl e ¢
(F:) on‘g| ré)( nlggagpg(a iPfe e{)er{qllgﬁ)d aneqﬂrht oggllc?l?{qqﬁa atrﬁaé:%os vzassel
conbi nat i onwfi slitringt Whéréin theAlcohoPRsi fRsin Afto Bl daEbof atdms;
hours or less at a tenperature of 75 C or |ess;

wher ei(h)t heddiag aprestetasminedeamauat of # pidaneligonsehsationtcatal yst;

" in the range of P: S wherein Pis 0.1 to 50 and S is

99.9 to 50, wherein the incipient silane is present in

the angtm?t Adir}: apie@etdmived afbupEsfativeoboabetrate coM@ining
wei ght of siliceous substrate and wherein the

i nci pi ent sticRelie silanlsesent in an excess with regard

to the{Qtal
i1 0ed Stiid BledBlorhfiRl sntndbf AL AEAHERRER, fAF
cross |i nkesﬁlmlcympzlung dpent banghleaikoay-lfgnduondemlan@hammg the
surface of a sil.i CeOLiS substrate, said process
conpri si ng: egnepal @’é‘t‘“t‘ﬁg a predeterm ned anount of
al cohol and wat er p@o glggctl on vessel with stirring,
wherein the al cohol has from1l to 9 carbon

wherein R is a hydrocarbon group having from 1 to 6 carbon

atoms, Q is a hydrocarbon group having from 0 to 6 carbon atoms,
X is a functional group selected from the group consisting of
epoxy, halogen, methacrylate, vinyl, amine, allyl, phosphonate,
styrlamine, and sulfide;
(V) adding a predetermined amount of polymer, said polymer being
selected from the group consisting essentially of
i) a water soluble polymer,
(ii) a water soluble copolymer,
(iii) an alcohol soluble polymer,
(iv) an alcohol soluble copolymer, and
(v) combinations of (i) to (iv),
(VD) stirring the combination of (I) to (VI) for a period of time of 12
hours or less at a temperature of 75 °C or less;

wherein the ratio of polymer to siliceous substrate is in the range of
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atons and wherein the ratio of alcohol to water is in
the range of 99 to 1: 1 to 99; (Il) adding a

w@e@das®udi ned anount of a silanol condensati OPCT/US2009/002784

catalyst; (I11) adding a predetermni ned anount of
preC|p|tated siliceous substrate haV|ng silanol s on

the surfaceP:JMsregnBing ! do pP aud Sds A7-Ade SArwhereinghe incipient
| i
sil ane COUpEﬂeﬂQ 1$‘gfeﬁént in ge%+dﬁB?HQQU @S'ﬁ%ﬁgzggégpg based on

bei ng an al koxy ncti1on ane havi ng
formul a (ROl \&ig;m oftsflicebus Ribssata ahy svhesan benngpienpsilane is

having from1l tao carbon at ons .S a dr ocarbon
group havi nBreF?rHrﬂl A" £3°S5S &A Bﬁg?rgtgb% tOt)'J] g‘go‘é“tl"éé‘?a&%e
froma fUnCEﬂlé}Bﬂgrcﬁb@HHtlﬁlﬁé‘efoﬁgsﬁﬁsﬁﬁiet he group

consi sting of epoxy, hal ogen, nethacrylate, vinyl,

84.  Agprioness far prgparipg @§pﬂ$§ haked p@th that isehemially bohdetito the
C ‘ unt _of polyner, said
sustebs S0 0 s e Ry R L S R RPr Rineb T oup. conar sti ng

essent(ipl | yhedting)a pred@édiinéDatibht ofalcyh®irand(Wdtdr ia a reaction
wat er sol ubl e copol yner, (iii) an al cohol sol uble

pol ymer, (i V§sselnwathsgr#e. b theadenbhol hgs fromddo@garbon
nbi nat
ol nat i onZgfts ity ratid o AShorh Wir i 0% the range of

hours or Iesgtcﬁtzlatot%ﬁ:fperature of 75 OC or |less;

wherei n the r,atio% pon to sili ssbstrateis

in t hdlDanggdige apr \4ng oha sHang! Spndensptignicatalyst
99.9 t : I [

the argunt 5P %b{%g""%%%? o o AL T PR b
wei ghthayﬁng:.l [ ceous substrate and wherein the

I nci pi ent SI RE hgr ent in an excess wth regard

to the totaf fUl¥Sctive silanol groups on the

silicegyy suhfing &pfedetermined amount of silane coupling agent, said

silane coupling agent being an alkoxy-functional silane having the

general formula
(RO); SiQX
wherein R is a hydrocarbon group having from 1 to 6 carbon
atoms, Q is a hydrocarbon group having from 0 to 6 carbon atoms,
X is a residue from a functional group selected from the group
consisting of epoxy, halogen, methacrylate, vinyl, amine, allyl,
phosphonate, styrlamine, and sulfide;
(V) adding a predetermined amount of polymer, said polymer being
(VD)  selected from the group consisting essentially of
i) a water soluble polymer,
(i) a water soluble copolymer,
(iii) an alcohol soluble polymer,
(iv) an alcohol soluble copolymer, and

(v) combinations of (i) to (iv),
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85.

86.

87.

88.

89.

90.

91.

92.

94.

85. A nmethod of process stream purification, the

nmet hod conprising treating a process stream effl uent
wa@iging3Am4conposi tion as claimed in claimil. 86PCHUS2009/002784

nmet hod of process streampurification as clainmed in

claim wher.ei n tal .jons a reqmved from.the
pr o.ce.sé;ra r S4gfingdhe F%“h’é‘fﬂ%of)lﬁ) E’r@&egg' asi?el”é’grﬂf“me of 15
purificati ofo@s of ik AES te;ﬁ?&%@lrérbﬁ‘ﬁs %‘sn%gﬂoam ds are

renmoved fromthe process stream 88. A nethod of
cl eani ng a whstesn therraaorpf pdlgmertombiceouspubisgrategs in the range of

treating a yaste strea i a, co Ltion as clained.
[reating o kAR FAMS) SRS OTRIS S KO AT B e ien
claimed in gllaes BRes¥hieh Eiehni®in@bf 0.9NS 23 heeiSIRPRMLAL based on
fromthe waste stream 90. A nethod of cleaning a _
wast e st r eatheaxeightnfisiirepys subsirate gad wherea thegpeigiengsitane is
renmoved fro . A hod qf .
Fecover i ng. Plesd R bRoeR MR Thasta Jo e O B0 Rlotrsastive
fluid cont asitinopg®apsl of @exsikidedbs subseaeur ces with a
Aco%Eosi tion as clained in claim-1. 92. The nethod as

patf precessaitierny purifjcatien. the method gpmprising teeafipgaprocess
: [ ; . 93. The
S B P PR SRR SPEN e 7 id s a
Asndthed bf prodesshtreamqovdicatidreas dsimedae clasma®B3 ‘alodrelin rietal ions

The rreetéftod as clained in claim9 1 wherein the fluid
arp Lemayed g ?HE’_CF%SCS_(W%M e resource is any of the
ATRROS oPproRessORhMAuriFRa®dn & Maided!in @1aiR 183! WhetEn@eid@Gre

fromthe group consisting of netals selected from i .
regiovg@ froni the pyo¢eds str¢dm. cadmi um iv. chrom um v.

coppe .. hafniy . Lridi Vill..ma nese, iX.
A esiah st 2 bl ireme e Eliod fornbiiviE JERMRA yape siream
uskig 4 colpadition B3 clinved ihhdiinum Xxv. rhodi um xvi .

ruthenium xvii tantalum xviii. _ technetium xix.
Amethed afslesning ayyagts eisamyagiclaipied én claim 88 whepeip metghions are

ected fromthe group consisting

re%@@gc.i l?%g}ll}hueﬁésgé sctEﬁiglrmt h, c. cerium d. lead, e.
A adthod o cledning hiwastegstretumads|claimmed n clain® 88 swherdin acids are

strontiu k. lead, 1. iron, m alumnum n.
re&"ﬁ!?%ﬁ‘i"&ﬂhed’?’as%ﬂ:ﬁﬁ‘m' and p. al um num zi rconi um

CRBROR T Secoderind re¥hited (R mEGR tbAPridhg Mhtinds sy f rom
Aa ?ﬁgi 3)? %qhe %%%Aﬂod corrpﬁrgi ng trg%tni ng thenél?ui with
comtainimgGaidi iecsvezable Fespueds With @l caimpogition as claimed in claim-1.

The method as claimed in claim 91 wherein the fluid is a solvent and the recoverable

resource is a metal.

. The method as claimed in claim 91 wherein the fluid is a solvent and the recoverable

resource is an acid.

The method as claimed in claim 91 wherein the fluid is water and the recoverable
resource is any of the metals or a combination of any of the metals selected from
the group consisting of metals selected from:

i. silver, ii. gold, iii. cadmium, iv. chromium, v. copper vi. hafnium, vii. iridium,
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95.

96.
97.
98.

99. A

100.

101.

102.

103.

104.

105.

106.

107.

96. A nethod as clainmed in claim95 wherein the acid
IS p-am nobenzoic acid. 97. A nethod as clained in

W@ L@o3®%6 wherein the acid is a carboxylic aciRBCT/882009002784
met hod as clainmed in claim95 wherein the acid is
salicylic acid. 99. A nethod as claimed in claim?95
vilhehaiiganepe aanalyPdentipt %s Alobaym, - smim.pap paligdinm; whi.

e R e S

tgehn¢teum,sxixt ieaniemhrxl tongspen, skin gmni xiii. zirogniam and, heavy
(of0) oitl ai med in claim 102, An a tical
A ol Copm A A OT s T AMEG B des oo o
léﬁ/ﬁeé ehiithHSy, FS $RC Faﬂﬁtﬂldmtl?rlhrﬁhﬁnﬁr i &tdhB8mPk 98 NSiron, m.
. An ana ytlca met hod’ of separating peptldes t he
‘ammv@m nomlptqnsmrngo wadivimz and p salsmimos mrq:camuna@ouméfmed

anal ytica cl ai ned i
A Bt s miaincorgatic BRI Yot R OB Lo MRa G Pe P ingihatine
thé ﬂuidiwbvlthé&.@n{pi’)sﬁﬁﬂn%tcldiﬂbyuﬁ@i&@ﬂilD or separate certain
pepti des from ot her associ ated peptides. 105. A nethod

A grethasen deimeg ivldaiencvhereingbs a¢id dnpagipeheapeig acid.
A %‘i}?&d & Aaintdfin TEEASS SRR Cr{ ik BGqY g4 i kargwgb@wd

nposition as clalmed 1n alm sal d
A ﬁidﬂww?dlaﬁtdddﬁs:lalm whergiri the dcidfis stpaliahéidg

ol i gonucl eoti des fro soci ated .ol i gonugcl eoti des, the
S&Lwﬁmdslpﬁbmwfg Wg?fﬁ’g” the esiftpvaietasahic s agfdi ned

Axfaxﬁbﬁ‘ 'eQ}H'an%Q & ?&gbx‘éﬁ Lyiligfh %r&nﬁ:ibglﬁﬁ%@ CRfified S Ligin? 1.

I gonuc I des m ot her SSOCI at ed
fohiegmiod] sepanadag prol€iis, the metltodaoofprisimgagitizingtd exgnposition as
ani 8n| c, materials, the nmethod conprising contacting
claimed AR cnd - naterial's with a conposition as claimed in

A &laRtical B thd é'f%%fié}ﬂtlﬂé prRAREAY dlditieddn @RiiANI0E wherein the
materials as clained in claim2107 wherein the anionic

asseciatedanasenialssee dompwitginsit ed are sel ected fromthe

I%h éﬁag eﬁ'Rfln & é%g?{atl%n?éé%%gttﬁ? me{l{otdat%fnzﬁigﬁ’x eu?tthzﬁdgi d

cAhpSsMGE &Sclaihdd intdldimnbt es, viii. cerates, | X
vanadates, x. sulfates, xi, arsenic, Xii.

tepanghyticahmedhadgsslaimed in glaim 103 mhercing |0ﬁ51ppaﬁoafas Flaiped in
e ¥ S 0 R ik
asﬁﬁ}mié(ﬂbd:p‘tgiethe desired material of analysis f rom

Arrrellltetehrolda(l)fsseggrgggé gflgl%nucleotldes from associated materials, the method
comprising utilizing a composition as claimed in claim 1 to adsorb said
oligionucleotides.

A method of separating oligionucleotides from associated oligionucleotides, the

method comprising utilizing a composition as claimed in claim 1 to selectively

adsorb and separate certain oligionucleotides from other associated

oligionucleotides.

A method of concentrating anionic materials, the method comprising contacting the

anionic materials with a composition as claimed in claim 1.
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108.

109.

110.
. Ag{gg’ mdaltial car%rgaucqlcoﬁt%in?ﬁ’%g m&p&’éﬂ:&'ﬁ‘% ALy 18%%

113.
114.
115.
116.
117.
118.
119.
120.

with the desired material of analysis. 110. A nethod
as clainmed in claim109 that is |liquid chronmatography.

W@ 1my/13voper sonal care product containing a conpCEU$10091002784

as claimed in claim11. 112. A personal care product as
claimed in claim111l that is selected fromthe group

A greshost ¢ﬂrg>n§¢n@éwa@pm%mamalsrfé%mam glaim 387 RhgEsti the
f @%2& t

aﬂquu{&%[@% Isto t%Iccgl)lnren‘!E t %%gifgté% eo o%nt. (%f%.mg%

i p eicd pipctesc df. empemadascm gehosplaiteyed. idichrbaiams;m.Ztmgsmeiss

an anti ?er spirant. 115. A rger sonal care pr?fd

VE1 BITFRIGTGSn VI HARALES YTIE ReRratES Y QIRIRES Qe rrulipies: X‘Aarsemc

WELSAPRK mPfic RaRIMEL aRS G %gpc@nibﬂwﬁlloﬂ'om ildxit.hat is
a toothpaste. 117. A personal "care product as cl ai med

A methaai ofi ahalysishtite methad gemphsisg dtilizog Brantpesitivn 8s clapmed in

by R eptetnd U8R tr L s gl Afbciba

withOghé esitéd RlaRIrfAREf dfalysisai m 118 wherein the silica is
a nanosilica. 120. A personal care product as clained

A meghadi an claigediarlain lé)adhqtuls)h@mwhm%méghm th a

st i ng
lv. cream 12 1. A
Fpﬁérfs@lﬁtmcaﬁéqiredwftfad gliimed ircdlainiretl ihat lsalemedl ¥éont birtgrosp
additionally conmbined wi,ith a cgosnetic teri.al

c§@$lé1¢lt=b‘€if 46?069{3[!%@ ABRSEPIRBHS foofpagie ot °§B]§EC face CEEms-
A bhesPIate prBk'al claShERMR daid 112 HEI ROMadGaRe Product

Inclarm112 t I's an optically activated
Mpersond] eafeqprodse ak klagrosdrat ¢laint bhibtst tsiaprmtipdiaBirand

personal care product cl.ai claim122 that is
A RerSensas ool Comptinciae [ty R Baneerat o
A‘?é’ﬂs&?al Rafd PHOHGS @S Blaih O 11xad: fshabsthpasiad coat ed
encapsulated with a transparent or translucent

A:patsomag careZptodyict as olagmed fnoglaipr Eiathiahig aged based|toothpaste.
L per)éonarl c%peagroduct%g %mr%gcll lny clz?l FF()dthaP is ahsefllca based toothpaste.

A personal care product as claimed in claim 118 wherein the silica is a nanosilica.

A personal care product as claimed in claim 113 that is additionally combined with
a cosmetic material selected from the group consisting of

i soap,

it gel,

iit powder, and

iv. cream.

. A personal care product as claimed in claim 114 that is additionally combined with

a cosmetic material selected from the group consisting of
i soap,
it gel,
iii powder, and

iv. cream.
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surface of a siliceous substrate, said process

conprising: (1) heating a predeterm ned anount of
wowioensioms a reacti on vessel with stirring; (II1PCHUSI00%002784

a predeterm ned anmount of a siliceous substrate having

reacti ve silanols; ﬁal addi ng_a predeterm ned anount
122, Aypersppalisara progueias glaimed iin glaun [T A K1ah & aneansicaldy activated

i onal silane having the
p%gﬁcee}?g g quc@n%kwpgf %&/her ein Ris a hydrocarbon
123. /gpextspnd‘l&‘dtquoﬂﬁclms tldimed ircelaino 22 thoiris, th€Qcompasition of clalm 1

hydrocar bon up. having fromO to ca n ato
gs ghe;sqligubs agaws @é?sse*eté&mnoa 8?&53 and Coatdd or

eﬁgéﬁhisattéq\gltﬂfa t%@ﬁéfenmlt%glﬂcerﬂﬁbm yI ate, vinyl,

amne phosphonate, styrlam ne, and sulfi de
124. KX pk@cesajﬁtr peparipg acetsstinkadarlpmouthat lefchpmoyﬂh bondsditd the

Bt e S e PRt e PR Ger . (1) a

wat er (pol ubie@tif® R ProdBRIrmindd dmowdit oBWath & a SO Gessel with
pol ymer, (iv) an al cohol soluble copolyner, and (v) :

comnbi nat|orﬁ$lf@%(|) to (iv), (V) stirring the

conbi lef) | Ogdtﬂn%% Ip}ed{epeng\}ﬂgd an‘Pc{un‘rf1 PP§ 61619%0&@]‘8115 thte QJVH}Q

hour s | ess erature o ess
wher ei n t headthe flagdls; si | ane is present in the anount

of 0.1 to 25 wei ght percent, based n t he anou
silicéBls sesling apeedetranpnadamount g §‘fqnﬁﬁ%pfoé"%rae§ £

in an exceqﬁﬂ(\r{]\d:ﬁt ﬁlxafe?iQPrsgldtsﬂa{;]@Gelfx bRhieIPYIctiBhal sﬂanc?A

reactive si groups of e si |ceous substrate
process f orhapingphe gempral formoskal | nked pol yner that is

chenical 'y bonded ég tﬁge rface of a siliceous
substrate, said prdt@¥ l@Xfrpr ising: (1) heating a
predet er m ngglBROYN a RfdrBt&BRPEroup having Fdnh PRo ¥RaHh
atoms, Q is a hydrocarbon group having from 0 to 6 carbon atoms,
X is a functional group selected from the group consisting of
epoxy, halogen, methacrylate, vinyl, amine, allyl, phosphonate,
styrlamine, and sulfide;
(IV) adding a predetermined amount of polymer, said polymer being
selected from the group consisting essentially of
i) a water soluble polymer,
(ii) a water soluble copolymer,
(iii) an alcohol soluble polymer,
(iv) an alcohol soluble copolymer, and
(v) combinations of (i) to (iv),
(V) stirring the combination of (I) to (VI) for a period of time of 15
hours or less at a temperature of 100 °C or less;
wherein the incipient silane is present in the amount of 0.1 to 25

weight percent based on the amount of siliceous substrate and
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with stirring, wherein the alcohol has from1 to 9
carbon atons; (11) adding a predeterm ned anount of

W@ RlpagWEs substrate containing reactive sil anPdBUS2009/002784

(1'1'l) adding a predeterm ned anount of silane coupl i ng
agent, said silane c?upllng agent bei ng

al koxy- f uncthesgiay the silagigds ﬁﬁfﬁﬁgn@n@xg@ﬁwﬁx regyd i the total
(RO 3 Si X lofrdBclive éneméii BRGRS I R

from1to 6 carbon atons, rocar on group

125. Aprdcass ﬂor prap@nhg; a@rmhiﬂcﬁd pnl}mrer, thXt is shemicalig boodeal to the

ﬁgo ted fromthe ou&o consi.sting of epoxy,
S sifieqars sPOTES S Rrgeess SHMAESInG] T y|
phos pfmn at %eaﬁhgalp?éae&%nu@admﬁéurﬁ lodencoﬁdl\{), aaééiﬂneg vassel

predeterm ned anount of polymer, said polyner being
sel ect ed f rwith stisingy wbpreumhsuamhnbh@mmtaﬁl Oﬁrbsfn atyms;

1L ) SLBRPL bl SR 3Rl

sol ubl e copehotiversiladsle, (v) conbinations of (i) to
(1v), &? stirring the conbination of (1) to (VlI) for
a peri(@&d) ofaddings predatermingd ameunt fssilane ceuplisggesis said

of 75 C or 'ﬁBBI‘ r
siliceous s%%ig r awﬁ{geé n l?ﬁléé %%&89% :éﬂahsél%ge havl5ng the
is 0.1to Sgbramllf&nmﬂaQQ.Q to 50, wherein the

i nci pi ent silane i res in the amount of 0.1 to 25
wei ght percent basé%&é% ﬁﬁé wei ght of siliceous

substrate apob A & Ihydi6cdrBGi gﬂoﬁﬁmasmg% % lfcﬁﬁy%ﬁt

in an excess Wwth regard to the total anmount of
reacti vesi |aoros, @nmbﬂombbnegmupllmémgﬁmﬁéo Hzathonatoms,

SO T AR NN Ep T
substrat e, es@iyd hMo@6R ShethiiPlates vy, dmihe, B3, |pﬂGsp'thonate
pr edet er m ned "anount of al cohol and water in
reacti on styrlamine, and sulfide;
(IV) adding a predetermined amount of polymer, said polymer being
selected from the grbup consisting essentially of
i) a water soluble polymer,
(ii) a water soluble copolymer,
(iii) an alcohol soluble polymer,
(iv) an alcohol soluble copolymer, and
(v) combinations of (i) to (1v),
(V) stirring the combination of (I) to (VI) for a period of time of 12
hours or less at a temperature of 75 °C or less;
wherein the ratio of polymer to siliceous substrate is in the range of
P:S wherein P is 0.1 to 50 and S is 99.9 to 50, wherein the incipient
silane is present in the amount of 0.1 to 25 weight percent based on

the weight of siliceous substrate and wherein the incipient silane is

present in an excess with regard to the total amount of reactive
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126.

wowien3ioge in the range of 99 to 1: 1 to 99;

vessel with stirring, wherein the al cohol has from1

to 9 carbon atons and wherein the ratio of al cohol to

( 1 PQT/ES2H09I0P2784
a predeterm ned anmount of precipitated siliceous

substrate hayi silanols on the surface; (l111) addin
a predeter n?‘)/?é‘t‘ip%rﬁﬁ%?“ e %F‘Fegﬂé‘s‘%g i ng agenz sai dg

+@e&sqep,s>.lebmva;9@.%§s ReL QG APmad &ﬁam chém X%ahded to the
ane having the general formula Si QX wherein

sur@ca ohg @rlmammbstgatmldwawpcﬂg cpnmtmsmgo 6 carbon ato rrs

d b
ot ome WK <Rpg & hatis 4Rt ol e Cord R Auerion

from the gr@RelCARtEisGiring “Qferéilﬁ’ﬂ?éYalcd]ﬂl B@efiom 1 to 9 carbon
met hacrylate, vinyl, anmine, all hosphonat e,

styrl ani ne, atamg agdMhegsn the rgjio g %aicagolaomaé@eﬁ Y the sange of
anmount of p Apscigh tos‘ﬁ' d polymer being (V) selected
fromthe group consisting essentially of i) a water

sol ubl @)pohydirg a prédejerminet #nown lofi pieeipitaed| sylivebys {ubistrte
an al cohol sol uble polyner, (iv) an al cohol sol uble
copol YH¥NE and (v) conbinations of (i) to (iv), (V)

stirring thﬁlaﬁeﬂmnﬂﬂéh&%&f (I) to (V) for a period
of time of 15 hours or lesS at a tenperature of 75 OC

or | eqdl]) wheidénga predeteaningd amogot 9ﬁml|an¢ cougiling agentssaid

ggbzggatsel i slglgggglﬁgmrg%ré ge Of%gpé{‘ ?lﬁ@ cBgléJHtSsi]ng]}éa}%/an the

i s present jednefdl@orafaint of 0.1 to 25 weight percent
based onthe wei ght of siliceous substrate and wherein
the incipient silane is pres€d?)siNQEn excess with

regard to the LotRl sof[‘?é‘rgEar%n bR HaY e TR 1 cLafbiRS

on the siliceous su
atoms, Q is a hydrocarbon group having from 0 to 6 carbon atoms,

X is a residue from a functional group selected from the group
consisting of epoxy, halogen, methacrylate, vinyl, amine, allyl,
phosphonate, styrlamine, and sulfide;

(IV) adding a predetermined amount of polymer, said polymer being
V) selected from the group consisting essentially of
i) a water soluble polymer,

(ii) a water soluble copolymer,

(iii) an alcohol soluble polymer,

(iv) an alcohol soluble copolymer, and

(v) combinations of (i) to (iv),

(VI) stirring the combination of (I) to (VI) for a period of time of 15
hours or less at a temperature of 75 °C or less;

wherein the ratio of polymer to siliceous substrate is in the range of

P:S wherein P is 0.1 to 50 and S is 99.9 to 50, wherein the incipient

silane is present in the amount of 0.1 to 25 weight percent based on
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127. A coated paper coated with a conposition of claim

1. 128. A coated paper as clainmed in claim 127 that is
waiz@d/18m46 di gital printing processes. 129. A cREI/E82009/002784

fabric coated with a conposi tion of claim1l. 130. A

coated fabrjic as cl ed in Ia|n1 9 that is used i )

digital pri FWFggh;SP E QU su ?ﬂateﬁ{’ PE@H‘@F‘P%WT ﬁ&“e Is

a gas from ﬁHe§ent H“& 8a8sPR1th Jegned &EE Yothl AU B FHRHPe

consi sting of: | SOx, i1i NOx, and iv any

conbi nat i orsitanol grpnps o1l the§dl<l§0h%$llb@dateon'pr| sing

127 o ARt e et ol LM PrheBRlioRlof (A3 2° ot oo o

128 EADYGaRe@ [Feper §§3&lhm‘d‘dl inQlLat @74 hsanforaigetl fisting
selected fromthe group consisting of i air and ii
Prog¢sieds, said nethod conprising contacting the

12@%%6&?%%?%& Qo ed RTRA o&ﬂgy%gltﬁ)ﬁ é:ﬁitﬁeld inclaiml.

renova col ron of dioxins
130F. r anedaked fdbric hhelarmﬁdmd:lamntﬂ‘) thianig usahinadigital griating
conposition as clained in claimlwith the fluid
cora$5%¥#5%g t he di oxins and thereafter, separating the

13160 Kpﬁgfht)kl Bﬂﬂ%\%lﬁ% rglggg froRfaifl it gﬁ‘ssbeflﬁ§§eléct9§i frl)rlﬁ' tHe group

134. t1ng beverages, said neth
con@mmsnggﬁbontacting the beverage with a conp03|t|on
as clainmed in.claiml and thereafter, separating the
conposi ti or €8 t he beverage. 135. The nmet hod as
clainmed inj¢clgbm 134 wherein the beverage is beer. 136.
A method of renpval and col | ection of humat es,

i ncl udi ng huniNG@y. andll vi cs and tannins fron1ground

Vrrvgi ﬁ(r)df or 1w Ia];13|' %gllnblnatlgrfl oflhf% 1%[ ound water, said

said method comprising contacting air containing any of the gases with a
composition as claimed in claim 1.

132. A method of removing and collecting catalysts from materials selected from the

group consisting of

1 air and

il fluids,
said method comprising contacting the materials with a composition as claimed
in claim 1.

133. A method of removal and collection of dioxins from fluids, the method
comprising contacting a composition as claimed in claim 1 with the fluid
containing the dioxins and thereafter, separating the composition containing the
dioxins from the fluid.

134. A method of treating beverages, said method comprising contacting the
beverage with a composition as claimed in claim 1 and thereafter, separating
the composition from the beverage.

135. The method as claimed in claim 134 wherein the beverage is beer.
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conprising contacting the ground water with a
conposition as clained in claiml1l and thereafter

W@ epansmoirdg t he conposition fromthe ground WaP€r/USDHBY002784
A net hod of renoval of airborne m crobacteri a from

. the nethod co ntactin, ,vvit a
b@oﬁp@grlﬁdcﬂf rggoyal nﬁﬁaﬁ?w 02 hmnfteanlgl {"ﬂ Allwcs and
S € Rt 1o (G \rvatér RINpLNECHRIIAShE ERfind l&’a%er !;eﬁd method

conbi nation,” a packed bed filter and a packed

wheopn smgeopactmgitﬂge;nowrgi \aatcowpbsu qonmmsm@nells alanmdd imclaim

claim conbj,nati on ar hol fiber
1 TeB thoratier sabu e the CopPRpioSp AL rd Sl o
13mt«eﬁ1ealodlo?remsomsmbme nﬁSrdblaétleﬂE thohiai€ | thé Method140.
A conbi nation as clainmed in claim 139 wherein t he

t ub@mansmglcpomcfmgaﬁne afrj ‘Vtﬂéﬁ cpmpagiHon as tlainesd mrcdgimgl and

ner. 141, Ac I dlncla|m139
P oeEter Aperafia B Ble Rt O A RoiE S ' '
138TBﬁUé(ﬁﬁbim&ﬂdn far ;Qﬁkéd B@ﬂltﬁ%ﬂla)qaacﬁéﬂbeda“ﬂﬁtdﬁ@ thegfacked bed

renoval of di oxanes from a fI uid, said nethod
coHpt FanpRFieyntssdaimed 10 KB lyi d cont ai ni ng t he

13(&@%@&%&1%&? a PBS’HPR&&{W ﬁpe,amt&'aﬂa qggcngﬂg% LA wherein the

od of renobva sol ubl e e 0| from
f | padsng aatatiaiis Hornposipmi sickgmed mb elaimig t he fl ui d

copt ai ni.ng. t he oI le cru oi,ls.wth a. .c Sitio .
146, R EPabigRion S TP 1t i - SAREHb R Ho B A et ieris
cl bRt dhéth @ phdyingher ein the sol ubl e crude oil is

an aliphatic compound. 145. A method of renpval as

141c| &i ereobinatiar ad ¢leimntd nrmbmeu 139twherejn thehtubulkar heldow ifibet §lter

an. aro A net hod of renoval as

cl hﬁ%ﬁ?ﬂuﬁ%ag%f %%? X1 the sol uble crude oil is
1472 PapbtHiaRAtEmovdt bf dRxERés s affluiensaid mgthdy esmbrisifl

wast e wat er processing, the method conprising

conerigetinthe i deentainingithe diosntes Withy C?rneosav@s aspplpineg in
conBcl)sil tion as clainmed in claim1 and thereafter
separ at i'ng the conposition fromthe waste water.148. A
143reiAh@ethad ofréthoed of solableicrudedoilsi fromMiludds, sdié meststdecomprising
water is a_honme deterg %
contacting the fluid contalmng e soluble crude oils with a composition as
claimed in claim 1.
144. A method of removal as claimed in claim 143 wherein the soluble crude oil is
an aliphatic compound.
145. A method of removal as claimed in claim 143 wherein the soluble crude oil is
an aromatic compound.
146. A method of removal as claimed in claim 143 wherein the soluble crude oil is a
naphthenate.
147. A method of removing dyes from waste water processing, the method
comprising contacting the waste water containing the dyes with a composition
as claimed in claim 1 and thereafter separating the composition from the waste

water.
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washi ng process waste water. 149. A nethod as cl ai ned
in claim147 in which the waste water is an

WO p@bi1s0eé onal det ergent washi ng process wast eP@E1U£2009/002784
150. A nethod of binding and prevention of free dye
transfer in a washi ng process wherein a conposition_ as

14%| 4 methadpsqlaimed in plaim d 440 which the Mestegvaieios adwmegletergent
pr i%ya‘éﬁﬁmgtd?&ésgmﬁfe%at&f dye to fabrics, clothes or
films.

149. A method as claimed in claim 147 in which the waste water is an institutional
detergent washing process waste water.

150. A method of binding and prevention of free dye transfer in a washing process
wherein a composition as claimed in claim 1 is added to a washing process to

prevent the transfer of dye to fabrics, clothes or films.
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