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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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 systemns
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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bet ween macroporous to m croporous structures,
vari abl e | oading of the functional group, ease of
maki ng di fferent 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 probl ens
whithdund ar@lnia hrange 6 metals pedrsathlystshehsl memisefuenbeof stricter

=1 | ' : t hej t k .
orfioblenlot PRS0, FUPHPE flab oo B G T PR Sl aygoms
foarlee reededanshiccdverhiol B1ep0s §86S4 W Pectrith QP &ididl@Sntaminated

escri bed above, have functional groups which are
SYFGh @lﬂf‘i agiqoysRatpdapestest apfi kM soR@ s Ratehglajers.o Far example,

intages QficHmat ahs nabdaf ?Iﬁcﬁlse'gheﬁid iR é”}e&?cﬂﬁgtﬂ e?ncdgls%/ generate

stricter environnental T atons, ereds
sugstoniia giueegucs eireatkr-bavedrasfleeraf Weichiave heyslyeditanti@hted with
.and_recovery of gg% Is froma w de

u‘@gg&’{b‘jﬁr}%\ég‘# I9h8t SRUDATCAAnSRR 61 {}gﬁlttg rgfApve metal ions from
SOAUAOUThO 3ZRMo MBRIRS ex AfladrE wniap&%%nﬂgf@@aee%gﬁgr%of an

For exanple, industries such as the ear ust
orgiric.t etle kessliokehrolnetyrandustkhongenér atifbnasuhstanatiaahed to
L Les of: water-based effluent, which are heavily
sofSahs Rl PP The RRRER Bt Mot st e poly styrone
sudbonhangeirs chRenvagbeesreUgeshdl drerdebBhalorbAN8 @R of the
ol ution. The type of cation exchangers which are

oSy Raskhene, se Hivhpinuynbst obdisadiegeecafigsatitintechnical field of
: =1 I _ with sulfonate -
g T e
13pHy)s samltivatydo chemnicabittaek oecl t@sreailt these oo ly&kis RASS the
ulfonic, cation e $han ers are strongly affected by
Pof CTOPYAR: EUrong a‘f’é 158 ct%ﬁ%’”ypBPWhl]étyblﬁ(ﬂ@BéH’_e?rgé@lc_tﬂﬁ’b‘tents
an@ ANEDRE.Offodi sREMaN ages, afd afit H}ﬁitfqnta?c&%&@' aé&ieslsﬁale.
of application. These limtations include“refatively
Ozawophespbenistagidecatios iestlamgers (11 @0also b&BGE)qrtealensigt,iWviSt Patent
! ) . | ot
N%ﬁé@g@dz a@}eg% %gs%ekms\;/@rlecbrz]lsg (r)]n Eh%splil'lo uclisn frgr%ntEG %ogolymerization
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. 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



pol ymer matrix, strong swelling capacity,
non-usability in certain organic solvents and the
need for swelling to make the functional groups
accessi ble. O ganophosphonic 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
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DETAILED DESCRIPTTION OF THE INVENTION

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



cross-1linking bridge nenbers such as Si04/2, R Si03/2,
Ti 04/ 2, A103/2, etc. Wile these materials can act as
cation exchangers, it is generally recogni zed that
sulfonic acid groups are limted in their
effectiveness to conplex with a range of netals and in
conparison to other functional groups. In addition,
Femuilaly f onate group is also limted by the fact that
it is a nono anion, and thus nore of these functiona
groups are needed to bind to netals conpared to other
functional, grogps. SUMVARY OF THE | NVENTI ON The
presient 'hveg&ion rel ates to nethods for renoving
8.9 ilonic cobalt from an el ectrol ess
pl at{ ng opeyatijon, preferably to levels less than 5
ppm \The netal |can then be either landfilled or
rege erated forj el ectrowi nning (reclamation) and
‘reliSse. The invention utilizes an ion exchange nedia
conprlsed o silica backbone and functionalized
wi th phosphondt e groups. DETAI LED DESCRI PTI ON OF THE
| NVENTI @N The compound to be used in accordance with
the prelsent invention is as follows: 3 Formula 1: O
riGpss 0" | ~Op; 1D0 Al wherein R and R are each
i ndependent |y hydrogen, a linear or branched Cl 4o
alkyl,;*jkﬁj
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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).



C2. 40 al kenyl or C240 al kynyl group, an aryl or Cl-40

al kyl aryl group or an optionally conplex netal ion

M +/n wherein n is an integer froml to 8; the free

val ences of the silicate oxygen atons are saturated

by one or nore of. silicon atons of other groups of
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inkopenreddly loranebed C -12 al kyl group; and R3 is a
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integer z varies fromO to 200y. Forrmula 1 can be
abbreviated to XxYy4z where X reprepgnd s lon
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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



Table | Metal lon Initial Metal lon Concentration
After Metal lon Type Concentration Contact w Media
(ppm) (ppm C+ 100 O Mn" 100 0.05 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 size of the
above conpound utilized in the present invention
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from about 6 — 10 is preferred, with a pH of from about 7.5 - 9 particularly preferred.
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.



through the nodified silica in order to renove the
cobalt. A pl-I range of treatnent of from about 6 -
10 is preferred, with a pl-I of fromabout 7.5 - 9
particularly preferred. The nodified silica materi al
is commercially avail abl e from Phosphonics Ltd. The
processes of the present invention find particul ar
useful ness in mcroelectronics industry applications.
VWil e the present invention has been described with
whasietdime®igparti cul ar enbodi nents thereof, it is
apparent that nunerous other fornms and nodifications
of the invention will be obvious to those skilled in
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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.



R R k (~~O wherein R and R7 are each independently

hydrogen, a linear or branched C7.40 al kyl, C2.0

al kenyl or C2.40 al kynyl group, an aryl or Cl4o

al kyl aryl group or an optionally conplex netal ion

M/n wherein nis an integer from1l to 8; the free

val ences of the silicate oxygen atons are saturated

by one or nore of. silicon atons of other groups of

Formula 1, hydrogen, a |inear or branched C7.12 al kyl

group or by cross-linking bridge nenbers

R3gM (TCRZ) mok/ 2 or. Al (OR2)3. POp/ 2 or R3AL(OR2)2_,0Q,/2;

wher% T niethag) asgecitqd; inRlzimg , whereimibgametntefaeoipeund is from

N oup; and R3 is a linear or branched Cl -6

abgﬁ((z/.? Sgr%lﬁ{ﬁ;kg' iIs an integer from1l to 4 and q and m

are integers fromO to 2; such that mtk+g=4; and p is

an integer froml to 3; and r is an integer from1l to

2; or other known oxo nmetal bridging systens; x, VY,

and ' ; : hat rati X
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redl@gbi®@d in claiml, wherein the anount of conpound is
from about 0.5 - 5 mmole/g. 3. The nmethod as recited
in claiml, wherein said netals include cobalt. 4. The

met ecited.in.claim3, wherein the cob can

bo. rogLE Rt floled s iy, phferie Ptk ofitan the Sthbound
utiliged iseebnh Abatlt 3i-rHod.umvher ei n the particle size of the

conmpound wutilized is fromabout 5 - 500 m

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,



6. The method as recited in claim5, wherein the

particle size of the conmpound wutilized is from about

20 - 100 m 7. The method as recited in claim1l,

wherein the conmpound is used in conjuction wth a

nanofilter. 8. The nethod as recited in claimi1l,

wherein the pH of treatnent is fromabout 6- 10. 9.

The nethod as recited in claim9, wherein pH of
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METALS FROM PLATI NG OPERATI ON ABSTRACT OF THE

DI SCLOSURE The present invention relates to conpounds

and methods for renoving netals, e.g., ionic cobalt

froman el ectr olmser REG HRIRRBIRCIOSUREE! erabl y to

|l evels less than 5 ppm The netals can then be either

| andfilled or regenerated for el ectrow nning and

reuse. The invention utilizes an, i on exchange nedja
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e. W, 1dhiPEERERRRALIBERIRS pldling operation, preferably to levels less than 5
ppm. The metals can then be either landfilled or regenerated for electrowinning and
reuse. The invention utilizes an ion exchange media comprised of a silica backbone

and functionalized with phosphonate groups.



