METHODS FOR REMOVI NG METALS FROM PLATI NG OPERATI ON  FI ELD OF THE | NVENTI ON
The present invention relates to nethods for renoving netals, e.g., ionic
cobalt from an electroless plating operation, preferably to l|evels |ess
than 5 ppm The nmetals can then be either landfilled or regenerated for

el ectrowi nning and reuse. BACKGROUND OF THE | NVENTI ON Acid catal ysts are
utilized in the chem cal and biochem cal industries to conduct a w de

range of cheyieaMHODHSFR REMOVING METAIFFFROM PIROANG DEIRATRORT 0geneous
catal ysts are used, sonme of which require high tenperatures to be effective

and produce considerabl e anobunts of bi-products and waste. These unwant ed
products HEdhGS EHHANVENTEON r eat ed and destroyed. The drive for nore
environnmentally friendly processes - "Geen Chemistry"- highlights the
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catal ysts are very good thermal stability, high insensitivity to chem cal

att ack, hitg‘H" e sittier g‘ﬁéﬁ”‘@i’r‘%ﬂﬁgqr@%ﬁf%@r elechayinging andgewsest r uct ures, opti num
functional groups so as to avoid rearrangenents and side products, limted

svel ling gpRERUGROUND OPHELINVEXTIONT gani ¢ sol vents, ease of

purification and high reusability, high ageing resistance and ease of
access to the functional group which conducts the chemnical transformation.
I n addi ti o¥cidichtalystsorre gidiged in thekehemicdl andtbidghemica) dndistriestiaventlactize
flexible $3d8Sad2 O%nﬁbélfa H%ensiroda et i o&fof o(gflt iOme s(’gructd r%s andoshapes
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produce considerable amounts of bi-products and waste. These unwanted products

and waste have to be treated and destroyed. The drive for more environmentally

friendly processes — “Green Chemistry”- highlights the need for reusable, more

effective and selective catalysts. This need has led to investigations into the design of

new materials which can catalyze a variety of chemical transformations. Key

requirements for such new catalysts are very good thermal stability, high insensitivity

to chemical attack, high functional group loading, fixed and rigid structures, optimum

functional groups so as to avoid rearrangements and side products, limited swelling

capability, insolubility in organic solvents, ease of purification and high reusability,

high ageing resistance and ease of access to the functional group which conducts the

chemical transformation. In addition, the processes to make such catalyst systems

have to be flexible so as to enable the production of optimum structures and shapes

for specific reactions. This could include tailoring the porosity from anywhere

between macroporous to microporous structures, variable loading of the functional

group, ease of making different metal derivatives and selective pH ranges.

A range of metals and catalysts have been embedded within or adsorbed onto the
surface of silica, and other materials. One of the problems encountered with these
systems is the loss of the active functional groups due to their often weak attachment
to the silica. New organo-silica materials are needed which while possessing the

properties described above, have functional groups which are strongly attached and

1



group, ease of making different netal derivatives and sel ective pH ranges.
A range of netals and catal ysts have been enbedded wi thin or adsorbed onto
the surface of silica, and other materials. One of the problens
encountered with these systens is the |loss of the active functional groups
due to their often weak attachnent to the silica. New organo-silica
materials are needed which whil e possessing the properties described

above, havghichbaid QRAlE10O0HRMVAE alttAs BnBEARRELY Al asREfcAdor driti ch bi nd
strongly to a range of netal s and catal ysts. "As a consequence of stricter
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application. These limitations include relatively low temperature resistance (100~
130°C), sensitivity to chemical attack which can result in complete breakdown of the
polymer matrix, strong swelling capacity, non-usability in certain organic solvents
and the need for swelling to make the functional groups accessible.
Organophosphonic acid cation exchangers have also been reported in e.g., U.S. Patent
No. 5,281,631. These systems are based on the products from the copolymerization
of vinylidene disphosphonic acid with styrene, acrylonitrile and divinylbenzene.
However, the physical and chemical properties of these organophosphonic acid resins
are very similar to the polystyrene sulfonic acid based systems, and thus their field of

application is limited.

Inorganic polymer systems such as silica, aluminum oxide and titanium oxide, which
do not suffer some of these drawbacks, have been investigated as ion exchangers.
Active functional groups or metals are attached by a variety of means to these
systems. However, these systems suffer from the fact that only a low level of
functional groups can be bound onto these surfaces. One of the additional problems
encountered with these systems is that the functional groups can be removed on use or
on standing. This is due to the rather weak attachment between the functional group
and the surface atoms on the support. Strong acidic cation exchangers based on

sulfonic acid groups attached to an organopolysiloxane backbone have been described



Or ganophosphoni ¢ acid cation exchangers have al so been reported in e.g.,

U S Patent No. 5,281,631. These systens are based on the products from

t he copol yneri zation of vinylidene di sphosphonic acid with styrene,
acrylonitrile and divinyl benzene. However, the physical and chem cal
properties of these organophosphonic acid resins are very simlar to the
pol ystyrene sul fonic acid based systems, and thus their field of

appl i cati t lsROF | I T 3 i al um num
o’ e and Tt S G Ay 4 5R700 RN SO, TP ER R, PR ARl P

have been forwasof (23/28i-aB’ +@t®3éxanmlperesR is Aatalkyé of umdbalkyﬂaﬁra@m@md\é or

metals are ached by a var] of, neans to Sy, e t hese
systens suf ﬁgﬁ&ro]g?q)mg I}Oat(?tteﬁﬁg’{lelgrﬂl? 1000 &P 3@876 tsqeu‘fr‘r?iﬂc%mf%r oups
can be boupgde@nitomt hrRsAnEAEd @9%ﬁ1c093&m9§oftd%ﬁerag@mpklo@ﬂﬁé f&ﬁﬁm &dPor by

encount er ed W|th these systens is that he functi onal groups can be removed

on use or Crefs- 1lstlﬂ<tmdil‘1dge n’ﬁiilil@m suchupe &164&2h8 5108 Re TiO 3k AHDY/Acttere Nhilset ween
t he f unct I ﬁ&%lmggr?lig Can aC aS Catlsurf Ca%g%litsolngﬁ, g%‘stga g,t Iieg%lg%{gdtﬂola ?OglCaCI dl ¢

cation exchangers ased on

or ganopol wsid gsameard it n@tﬂ@ﬁvsffelaﬁ%he@@@c‘dohw with b Rarlde Df nféadlge fdd MNOS. :
4,552,700 and 5,354,831. The materials reported have a general  fornula of

(03/ 2Si - RCOBOBYSML0 O&m‘éﬁélcmznﬁtlgralrfPSa|Ik9dd18¢n,é%$lé&nas¢| groumi§satlimifgd j s

hydr ogen r 1. 1.0 f Lgences of
the oxygay BeaadubEie &l A SRlo e b Ror RE ehpe EFkioRal BRRRY BETTES
formul a andédad tbpindato msalk mﬂnpmgdbas otigefunetidial groapeh as Sl 04/ 2, R1Si 03/ 2,

Ti 04/ 2, A103/2, etc. Wiile these nmaterials can act as cation exchangers,

ef oot vort M ARTCAHAEINIR NS of netal s and in e

The present invention relates to methods for removing metals, e.g., ionic cobalt from

an electroless plating operation, preferably to levels less than 5 ppm. The metal can
then be either landfilled or regenerated for electrowinning (reclamation) and reuse.
The invention utilizes an ion exchange media comprised of a silica backbone and

functionalized with phosphonate groups.
DETAILED DESCRIPTION OF THE INVENTION

The compound to be used in accordance with the present invention is as follows:



conparison to other functional groups. In addition, the sulfonate group is
also limted by the fact that it is a nono anion, and thus nore of these
functional groups are needed to bind to netals conpared to ot her
functional groups. SUMVARY OF THE | NVENTI ON The present invention rel ates
to methods for renoving netals, e.g., ionic cobalt from an el ectrol ess

pl ati ng operation, preferably to levels less than 5 ppm The netal can

t hen be eildigruld gBndfilled or regenerated for electrow nning (reclamation)
and reuse. The invention utilizes an ion exchange nmedi a conprised of a
silica backbone and functionalized with phosphonate groups. DETAILED
DESCRI PTI Of- OF THE | NVENTLON The conpound to be used in accordance wth the
present I neptkon |sxas fallows: 3 Formula 1: 0 y ! nr 54~t.4)J1. !1'~

0 0. R Rwher&in and R are each independently hydrogen, a linear or
branched C1_40 = C2i40 al kenyl or CZ_40 al kynyl group, an aryl or

Cl 40 al kyllaryl\group er an optionally conplex nmetal ion M+/n wherein n
is an integer fyom1 to 8;] the free valences of the silicate oxygen atons
are satur atlgéBy one or ngre of. silicon atons of other groups
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wherein R and R' are each independently hydrogen, a linear or branched Cis0 alkyl,
Ca.40 alkenyl or C,.49 alkynyl group, an aryl or Cy.4 alkylaryl group or an optionally
complex metal ion M™"/n wherein n is an integer from 1 to 8; the free valences of the
silicate oxygen atoms are saturated by one or more of: silicon atoms of other groups
of Formula 1, hydrogen, a linear or branched Cy.;; alkyl group or by cross-linking
bridge members R’ M'(OR?),0y, or AI(OR?);3.,0,2 or R?’AI(OR?),,Oyp; where M is
Sior Ti; R?is a linear or branched Ci-12 alkyl group; and R?is a linear or branched Cis
alkyl group; k is an integer from 1 to 4 and q and m are integers from O to 2; such that
m+k+q=4; and p is an integer from 1 to 3; and r is an integer from 1 to 2; or other
known oxo metal bridging systems; x, y and z are integers such that the ratio of x:y+z,
varies from 0.00001 to 100,000 with the fragments
[03,SiCH(CH,PO(OR)(OR")CH,CH,Si03,)x  and [03/,S8iCH,CH,PO(OR)(OR Y],
always present while the integer z varies from 0 to 200y. Formula 1 can be

abbreviated to XxYyZz where X represents
[03,2,8iCH(CH,PO(OR)(O R"))CH,CH,Si O3], Y represents

[03,28iCH,CH,PO(OR)(O RY)] and Z represents [032SiCH,CH,CH,PO(OR)(O RY)].



of Formula 1, hydrogen, a linear or branched Cl1_12 al kyl group or by
cross-linking bridge nmenbers R3gML(OR2) nd v2 or Al (OR2)3 pOpi 2 or

R3A1(OR)2 r0rl12; where ML is Si or Ti; R2is a linear or branched ClL 12
al kyl group; and R3 is a linear or branched Cl1.6 alkyl group; k is an
integer froml to 4 and g and mare integers fromO to 2; such that
mrk+q=4; and p is an integer from1l to 3; and r is an integer from1l to 2;
or other KRR dewds MBhédmidgl He1 dehpIALE IBlizod inYaRBfllafc@Wethi (AL So&ERt such
that the ratio of x:y+z, varies from0.00001 to 100,000 with the fragnents
[ OBi 2Si CH(leyetiopORy it OFodur e anid ssesRfoxnd ird PRoNeR §1. SHO0H0TT §39) hari) | y

al ways pre«lgg({%or Iyl r%f@: enicQt eger z varies fromO to 200y. Fornmula 1 can be
abbrevi ate yZz ere X represents [G3812Si CH( CH2PQ OR) (O R) ) CH2CHzSi
03/2], Y represents [O3812Si CHRZCH2POQ(OR)(O R )] and Z represents

[ 0B12Si CHZIHAEHRIPRXYQR) {HovR chinpourdshutilizben sebmiahe whhEes @t tientéanpounds
utilized in accor]gance with the presen i nvention, their production and
r

t .
uses are fEUAANENIIPEHabAYS 0.3~ noeRle/eo oy Seovn ke dabls | helewr thermedia iy
reference. . e 6f fdGéifRGY vadsiMiL! i zed in accordance with
the pr esencta};i nslenti onl Eca?lmrtgﬁgégy%rlg‘?ﬁqg%out lbll.dgé'- 5 mole/g. As shown in
Table | below, the nedia is capable of reducing cobalt to well bel ow
detection Tabkiks. Tabl e | Metal lon Initi al Metal lon Concentration After

. Metal Ion
Initial Metal Ion
) Concentration After
Metal Ion Type Concentration
Contact w/ Media
(ppm)
(ppm)
e 100 0
Mn"? 100 0.05
Fe" 100 0.16
Co'™ 100 0
Ni*? 100 0.12
Pb* 100 0.08
Cu™ 100 0.08
Zn** 100 0.07
cd* 100 0.06

The particle size of the above compound utilized in the present invention ranges

preferably from about 5 — 500 um, with a range of from about 20 — 100 um



Metal 1on Type Concentration Contact w Media (ppm (ppm C+ 100 0O Wnh+
100 0.05 Fe+ 100 0.16 Co+ 100 O N +2 100 0.12 Pb+ 100 0.08 CU+2 100
0.08 Zzn+ 100 0.07 Cd+ 100 0.06 The particle size of the above conpound
utilized in the present invention ranges preferably fromabout 5 - 500 um
with a range of fromabout 20 - 100 um 5 particularly preferred. The
materials may al so be used in conjunction with a nanofilter in order to

concent r at@rtifQarPtRéfertal | @H@%Mnﬁ’l@%hﬁ%l&hﬁe GREE SRt fhctibRrWHEh the
nodified silica in order to renove the cobalt. A pH range of treatnent of

f r om aboutnagofiltgnin erder &4 epnestiraig thto; xaeﬁaH folloved ihyarssing 2hg congentrate

particul ar e ed sil y IS c MEer c
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find partifesthabowse! U Regsferdd with QL 6f fremi bdut 7.8 dYIakticub? Bl prefdeans.
The modified silica material is commercially available from Phosphonics Ltd. The
processes of the present invention find particular usefulness in microelectronics

industry applications.

While the present invention has been described with respect to particular
embodiments thereof, it is apparent that numerous other forms and modifications of
the invention will be obvious to those skilled in the art. The appended claims and the
present invention generally should be construed to cover all such obvious forms and

modifications which are within the true spirit and scope of the present invention.



Whil e the present invention has been described with respect to particul ar
enbodi nents thereof, it is apparent that nunmerous other forns and

nodi fications of the invention will be obvious to those skilled in the
art. The appended clains and the present invention generally should be
construed to cover all such obvious forns and nodifications which are
within the true spirit and scope of the present invention. 6 Wat is
claimed is: 1. A nethod of renoving netals froman electroless plating
operation, conprising adding to said operation a conposition including a
conpound of Formula 1. r R [::::1, ), wherein Rand R are each

i ndependenyihgt ingleimedis; a |inear or branched C1_40 al kyl, C2-40 al kenyl or
C2_40 al kynyl group, an aryl or Cl-40 al kylaryl group or an optionally
conplex netal ion Mi+/n wherein nis an integer from1l to 8; the free

val ences of thel. Sikeitedtof r@xyd8s mtaMRoM £ Sleas Bty of@ic nore of
silicon atons of other groups of Formula 1, hydrogen, a linear or branched
Cl_12 al kylonyristig asdingto spidoperatinn psgmppyifion nc eonmmyng oORoymHbR/ 2 or

Al (OR2) 3-ppl2 or RIAL(OR2)2_rOr/2; where ML is Si or Ti; R2is a linear
or branched C1_12 alkyl group; and R3 is a linear or branched Cl.6 alkyl
group; k is_an integer from1l to 4 and g and mare integers fromO to 2;
such that [mtk+g=4; @nd plis an integer from1l1l to 3; and r is an integer
from1 to ;9P\ ot heb kfidwn oxo nmetal bridging systens; x, y and z are

i ntegers sych tha thg ratfio of X:y+z, varies from0.0000 1 to 100, 000
with the frlagméats %,
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wherein R and R' are each independently hydrogen, a linear or branched C,.49 alkyl,
Ca.g0alkenyl or Cy.40 alkynyl group, an aryl or C;.4 alkylaryl group or an optionally
complex metal ion M™"/n wherein n is an integer from 1 to 8; the free valences of the
silicate oxygen atoms are saturated by one or more of: silicon atoms of other groups
of Formula 1, hydrogen, a linear or branched C;.1; alkyl group or by cross-linking
bridge members R’;M'(OR?);,0x2 or AI(OR?)3.,0,72 or R*AI(OR?),..Oy1; where M is
Si or Ti; R?is a linear or branched Cy.1» alkyl group; and R? is a linear or branched C 4
alkyl group; k is an integer from 1 to 4 and q and m are integers from 0 to 2; such that
m+k-+q=4; and p is an integer from 1 to 3; and r is an integer from 1 to 2; or other
known oxo metal bridging systems; x, y and z are integers such that the ratio of x:y+z,
varies from 0.00001 to 100,000 with the fragments
[032SiCH(CH,PO(OR)(OR"))CH,CH,Si031,], and [03,SiCH,CH,PO(OR)(OR Y]y

always present while the integer z varies from 0 to 200y.
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[ @Bi 2Si CH( CH2PQ( OR) (OR ) ) CH2CH2Si (B12] X and [ GB12Si CH2CH2POQ(OR) (OR' ) ]y

al ways present while the integer z varies fromO0 to 200y. 7 2. The nethod
as recited in claim1, wherein the anount of conpound is from about 0.5 -
5 mmole/g. 3. The nethod as recited in claim1, wherein the netals are
removed fromthe electroless plating operation to |levels less than 5 ppm
4. The method as recited in claim1l, wherein said netals include cobalt. 5.
The nethod as recited in claim4, wherein the cobalt can be regenerated for
reclamation. 6. The nethod as recited in claim1, wherein the particle size
of the corrpoundl The irrldﬂmbIaSirscifaddmRbndt whereirbhe amountof chmponmst isdobnas
reC|ted|nb g elnthe particle size of the conmpound wutilized is
fr om about® ? % The method as recited in claim 1, wherein the
conmpound i s used in conjunction with a nanofilter. 9. The nethod as
recited in claiml, wherein the pH of treatnent is fromabout 6-10. 10.
The method as rRedibe athad asirg¢itaddn clefrerlewhersia e metdsaneaemoyes frorotheabout

7.5-9. 8 glectroless plating operation to levels less than 5 ppm.

4. The method as recited in claim 1, wherein said metals include cobalt.

5. The method as recited in claim 4, wherein the cobalt can be regenerated for

reclamation.

6. The method as recited in claim 1, wherein the particle size of the compound

utilized is from about 5 — 500 um.

7. The method as recited in claim 6, wherein the particle size of the compound

utilized is from about 20 — 100 um.

8. The method as recited in claim 1, wherein the compound is used in

conjunction with a nanofilter.

9. The method as recited in claim 1, wherein the pH of treatment is from about
6-10.

10. The method as recited in claim 9, wherein pH of treatment is from about
7.5-9.



