METHODS FOR REMOVI NG METALS FROM PLATI NG OPERATI ON

FI ELD OF THE | NVENTI ON The present invention rel ates
to methods for renoving netals, e.g., ionic cobalt
from an electroless plating operation, preferably to
| evel s less than 5 ppm The netals can then be either

landfilled or regenerated for el ectrow nning and
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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 s0 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
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A range of netals and catal ysts have been enbedded

wi thin or adsorbed onto the surface of silica, and
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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. Ilowever, 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
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The compound to be used in accordance with the present invention is as follows:



SUMVARY OF THE | NVENTI ON The present invention relates
to nethods for renoving netals, e.g., ionic cobalt
from an electroless plating operation, preferably to
| evel s | ess than 5 ppm The nmetal can then be either
landfilled or regenerated for el ectrow nning
(reclamation) and reuse. The invention utilizes an
Forglakchange nedia conprised of a silica backbone and
functionalized with phosphonate groups. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The conpound to be used
in accordance with the present invention is as
f ©l.lsi I3 Farjmula 1: 0 ro;,Is~n o" ~Op;1D Al
i \and are each independently hydrogen, a
r or brandhed Cl 40 alkyl, C2.40 alkenyl or C240
al kynyl grotlip, |an aryl or Cl-40 alkylaryl group or an
tionally conplex netal ion M+/n wherein n is an
integer froml-to 8; the free val ences of the
shhiegte~qgxygen atons are saturated by one or nore of.
silicon atons jof other groups of Forrmula 1, hydrogen,
a |inear” of~krianched Cl-12 al kyl group or by
‘cross- 't nki ngs bri dge nembers R3gM (OR2),,, Ck/2 or
Aps j,0li2 or RBA1(OR2)2_rO0ri2; where M is Si
or Ti; R2iisja linear or branched Cl-12 al kyl group;
and R3ﬁﬁ§%%ﬂinear or branched Cl-6 alkyl group; k is
an i ntieger frilom1 to 4 and g and in are integers from
0 to 2; suchi|that mtk+q=4; and p is an integer froml
to 3; and r 75 an integer froml to 2; or other

wherein R and R'are each independently hydrogen, a linear or branched C4 alkyl,
Caqo alkenyl or Ca.go 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 Cy.1; alkyl group or by cross-linking
bridge members R*M'(OR),,Ox72 or AOR?)3.,0 2 or RPANOR)5,0,: where M'is
Si or Ti; R?is a linear or branched Ci.rpalkyl 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 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+tz,
varies from  0.00001 to 100,000 with the fragments
[0328ICH(CH,PO(OR)Y(ORM)CH,CH,S1030]  and [03:2SiCH,CHPO(OR)(OR Y],
always present while the integer z varies from 0 to 200y. Formula 1 can be

abbreviated to XxYyZz where X represents
[032SiCH(CH2PO(OR)(O R'Y)CH,CH,Si O], Y represents

[03SiCH,CH,PO(OR)(O R")] and Z represents [03,SiCH,CH,CHPO(OR)(O RYY).



known oxo netal bridging systens; x, y and z are
i ntegers such that the ratio of x:y+z, varies from
0. 00001 to 100,000 with the fragnents
[ @3/ 2Si CH( CH2PQ(OR) (OR ) ) CH2CH2SI @3i 2] x and
[ @Bi 2SI CH2CH2POQ(OR) (OR' )]y al ways present while the
integer z varies fromO to 200y. Formula 1 can be
Fatiyr dlgfaalsexpneenioeipzxomrenedXutibprdegestcordance with the present
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detail s concerning the conpounds utilized in
.accaordance with the present _inventjon, their
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5 mole/g. As shown in Table | below, the nedia is
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M ts. Table | Metal lon Initial Metal |on
Concentration After Metal lon Type Concentration

Contact w Medi a (ppnn) (ppm O +[ 100 D1 M7 0D, 9. 05
Initial Metal Ion
Concentration After
Metal Ion Type Concentration
Contact w/ Media
(ppm)
(ppm)
cr 100 0
Mn** 100 0.05
Fe™ 100 0.16
Co™ 100 0
Ni™ 100 0.12
Ph*™ 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



Fe+ 100 0.16 Co' 100 O N 100 0.12 Pb+ 100 0.08

Cu+ 100 0.08 Zn+ 100 0.07 Cd+ 100 0.06 The particle
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1. A nmethod of renmoving netals froman el ectrol ess
pl ating operation to levels less than 5 ppm
conprising adding to said operation a conposition
including a conpound of Formula 1. 0 (O, K1, I
~)R 103 2)S; O, )Si U R R k (~~O wherein R and R7
are each i ndependently hydrogen, a |linear or branched
C7.40 alkyl, C2.0 alkenyl or C2.40 al kynyl group, an
aryl or Cl4o al kylaryl group or an optionally conplex
Wit ’lcldiaed M/ n wherein n is an integer from1l to 8;
the free valences of the silicate oxygen atons are
saturated by one or nore of. silicon atons of other
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where M. is Si or Ti; R2is a |linear or branched
cogpoppd gf Romg dup; and R3 is a |linear or branched Cl -6
al kyl group; k is an integer from1l1l to 4 and g and m
are integers fromO to 2; such that mtk+q=4; and p is
i nt eger from.’l to 3; and r is an integer from1l to
(o}r ot her know] oxo netal bridging systens; X, Y,
z\are egerfs such that the ratio of x:y+z,
arle om%ﬁoocm to 100,000 with the fragnments
®Bi 251 CH( CH2PQ( OR) (OR' ) ) CH2CH2Si @i 2], and
Bi 2 CH2CH2F—"O((R)(OR’)]y al ways present while the
in(t)eg r z variesi{fromO to 200y.
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wherein R and R' are each independently hydrogen, a linear or branched C;_y alkyl, Cy4o
alkeny! or Cy.40 alkynyl group, an aryl or Cy4 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*)mOxz2 or AOR?)3.,0,2 or R*AI(OR?)540,2; where M! is Si or Ti; R is a
linear or branched Cy.1; alkyl group; and R? is a linear or branched Ci. 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 [0328iCH(CH,PO(OR)(OR'))CH,CH,Si03 ] and
[0328iCH,CH,PO(OR)(OR Y], always present while the integer z varies from 0 to 200y.



7 2. The nmethod as recited in claim1l, wherein the
anount of conpound is from about 0.5 - 5 mmvole/g. 3.
The nethod as recited in claim1, wherein said netals
i nclude cobalt. 4. The nethod as recited in claim3,
wherein the cobalt can be regenerated for
reclamation. 5. The nethod as recited in claiml1,
wherein the particle size of the conpound wutilized is
fromabout 5 - 500 m 6. The nmethod as recited in
claim5, wherein the particle size of the conpound
utiljzed is fromabout 20 - 100 m 7. The nethod as
r eci 4-ddeimethodasieaitedin staind , wheregoihs omeuni &f apswgundis from
) Cty pth a nanofilter. 8. The nethod as
zﬁ@&ﬁ??e ’@ﬁm% im1, wherein the pH of treatnent is
fromabout 6- 10. 9. The nethod as recited in claim9,
wherein pH of treatnent is fromabout 7.5-9. 8
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ABSTRARL nfdimots r@igﬁh%gﬁﬁ ITQ:%g%{rfs‘a?d“Ine{a&"iﬁE‘l‘hH@Q bait
rel ates to conpounds and et hods for renmovi ng BT & 5,
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an ion exchange nedia conprised of a silica backbone
and functionalized with phosphonate groups. 9

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

utilized is from about 5 - 500 um.

6. The method as recited in claim 5, wherein the particle size of the compound

utilized is from about 20 - 100 um.

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

with a nanofilter,

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

9. The method as recited in claim 9, wherein pH of treatment is from about 7,5-9,



