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TREATMENT PROCESS FOR | NDUSTRI AL WASTE STREAM FI ELD OF

THE | NVENTI ON The present invention relates to a
w@e@sesR1f or treating an industrial waste streROT/US208042464

as a sem conductor manufacturing waste stream to

renove a borane conpound, and converting the borane

conpound to anot her chem cal species. BACKGROUND

depo e STMENT PRB IR B TRTA WA Srrpa

conductive material, such as a netal, froma plating

solution onto a substrate wi thout the application of

el ectrical currentFIEED:OF BHESKNGENTION i s commonl y

used in the sem conductor processing industry to

deposit or "plate" a |layer of a conductive netal from

a pl ghknNgesdl HedfloR bRt BRI ES0treMBChn industrial waste

El ectrol ess plating solutions often include a reducing
stagpaiht sughi ashe sedisepductoremapyiasturing tastepstegans go semove @nborane

chfefhnd GiyERE i Bl POBPAED ftut i SR

sem conductor wafer. Electroless plating processes

i nvol ve the use of solutions or "baths" of chem cals,

i ncl udi ng, for exanpl e BAMEKGROUND r educi ng agents.

The used el ectroless plating solutions typically

contain residual anounts of these chem cals, thereby

pr es Bidctropsyvaditingd ialspoRdwip rae il @b lesCalepodition)t isya prb&ss for

el ecirol ess plating waste sol utions have been found to .
deposiingmlayer et g sprfustive graterialmsish @s By aeial dipng 4o latingsolution
ohiB&YsuBa¥Re REEButhS ﬁ@ﬂﬁ:@gon gpﬁﬁ&ﬂb’ﬁl%ﬁﬂ@ﬁt. hydrogen gas

appears to be attributed to the reduction of water by

t he reducing agents in the plating solution.

Therefore, it is desirable to treat or renpve, the )
redu eﬁgro}fé% Rlating 38 caamonly used m the semiconductor processing

industry to deposit or “plate” a layer of a conductive metal from a plating solution

onto a semiconductor wafer. Electroless plating solutions often include a reducing
agent which reduces the metal in the plating solution to cause the metal to be
deposited or to “plate out” over the target surface of a substrate, such as the

semiconductor wafer.

Electroless plating processes involve the use of solutions or “baths” of
chemicals, including, for example, metals and reducing agents. The used electroless
plating solutions typically contain residual ‘amounts of these chemicals, thereby
presenting waste disposal problems. Consequently, the electroless plating waste
solutions have been found to be capable of generating flammable hydrogen gas after
they haye been discarded. The source of hydrogen gas appears to be atiributed to the

reduction of water by the reducing agents in the plating solution.

Therefore, it is desirable to treat or remove the reducing agents, such as
dimethylamine borane, from the electroless plating waste solutions prior to disposal of

the used plating solutions.
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di met hyl am ne borane, fromthe el ectrol ess plating
waste solutions prior to disposal of the used plating

wa@elamsams. Pri or processes for renovi ng reduci PQI/US2004/042464

agents, such as di net hyl am ne borane, from an
el ectrol ess sem conductor pl]ating process either did
not uPHPL PIECESesafor Fgaevipg refuging:aeenisesugh) 4s glimgthytangine borane,

ut il -

80kl BAAGAHAG: bfhe SR A fofhive  cotaot o
didnisitiee wiiguighdcidcecaedlysts Fomprobessesthaicdkss uitilingh chfalylst, 216 rate of
li.quid acid catal ysts, specialized injection and .
%‘1&4"}?@1 elodimstipiaming hosgns Vay sxEmmikrion Jiosuaeesses that utilize
R R el SRRl AR M) g ¥Rt 30,
i ndustrial waste streamwi th a resin carrying an
oxi dation catal yst that i cggabl e of oxidizing said
borane conpound to bori csi@ﬂ IARYe process for
treating an industrial waste stream containing a
borane conpound may include m xing the industri al
wast eAsproees iniprovided dori reatbogr g1 mylvatriabxiabéd sioenm containing a
catal yst, where nmi.xi ng i ncl.udes one of . (i . .
KGR PaRNIET §omPSiR G SonBCt i B e e Sebtes ireamm it . resin
ARy bgidaRbY @ﬁ&gbtnthtaf‘i% bS8 BF @ xRizih P Rald®Sdrine O5mpound to
(i) mxing the industrial waste streamw th an
twrigaagicc sol vent to forma solution, followed by nixing
the solution with the resin. The process for treating
an industrial waste stream containing a borane
conmpop peditsd 6t WRRLHNE X NEhdh&iflal REE! Etrém WRaidning a borane
streamw th_an organic solvent to forma solution )
cosmoand vy mslide pExang thgindystrial veaste plress matht heesin carrying an

.0 t i e i rial te sStream .
b PG, S Tl AN S of 7D’ S8ty mixing the
ihisttidl RRBRESSIRkAAT WG 4h pregpaRsslvet i dvd gRGerfceroft theatdifidor (ii)

an.industrial waste stream containing a i
mixing the. industrial waste stream with an organic solvent to form a solution,

followed by mixing the solution with the resin.

The process for treating an industrial waste stream containing a borane
compound may include mixing the industrial waste stream with an organic solvent to
form a solution containing the industrial waste and passing the solution containing the

industrial waste stream through a vessel containing the resin.
DETAILED DESCRIPTION

A process is provided for treating an industrial waste siream containing a
borane compound. The process includes contacting the industrial waste stream
containing the borane compound with a resin carrying an oxidation catalyst that is

capable of oxidizing said borane compound to boric acid.
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borane conpound. The process includes contacting the

i ndustrial waste stream containing the borane conpound
WOwRals/06s21esi n carryi ng an oxi dati on catal yst tPEI/USE04/042464

capabl e of oxidizing said borane conmpound to boric

o AR rt SR W Bt o e o o
dNBiSdaY cgmg{)urﬁ%ﬁw@f;%hamt%eg d &RdRont c‘éﬁg? ?{)%ﬁg\(lz\%rgpgund or

conpoun conpounds contained 1n an In

cstpeanms ¢eotaiped mowasdwtridl vesepdenfi cati on, the phrases
"a resin that carries an oxidation catalyst" and "a
resin carrying an oxidation catalyst" nay be used

| Nt erEhFRgRAB ¥f theSFRIfafsh Ythe PhLisBI*AREH thit Ja.ﬁxgésfhg oxidation

material that carries an oxidation catalyst™ a

catadyst’ amd €2 iredin canryipng ry endasiondztalpst” cetyaby atéd imtdrthangeably.
efer. to aresin naterial in orating an .oxidation, 3

Ackpiiingly, e, Piepegs R e et dbel i 3h Geidation Grplipi and “a

rédif ! Rkl JAbbyRtan! oRidaAbh Ofhtalydte BthdRdkPNoCat Als¥S tmaterial

.may be chemcally bonded to the resin material, or may

IpeoTpeIRHES . Dxideten catelyst, neit hat alhast am oxxgdatiohysitalgst associated

PR B0 AP ARES b S R AT e o e
rédiuldte 38, $hay BY atiabiged toahé Fedinsrhhlerih] thASoR phi/§i6aThteractions.
cont ai ni ng the borane conmpound with an organi c sol vent

in the presence of the resin carrying the oxidation

cat alyst ernat.j t. . for treatjng an

i ndustri gi(d%le\/v%?s{f&elr éjte%/@g/na%olﬁ %%?l‘r:]g tgr gtﬁe &ﬁﬂ%ﬂﬁﬁg nam?"fane

compbuntentiyXhelgdd Simuitankontly ralxingtiednishedrvatd firedf containing

organi c solvent to forma solutjon, followed by m xing

the,orapg ceRRHNg; with am ergagisi selvent 1y the grespreenfthatasycarrying the
f an . r - : odj

KRLBON Thiabipe PLGPRISU 6 prbleTEh BELB TR MTRAAL whIE stream

contairbogne caopems meypehnkd mixyng thelindiestmidl waste stfeem with an

i ndust r.i al te streamw f.h ap_organi c _solvent tQ )
oFgA sol¥gt fe; 19Fm %ﬁﬂ%%gpﬁ@w@ bySBIRs die sQmkien Milthgthe resin
chifinB IMASE ARkt t O RHA s1Rryessel containing a

resin carrying an oxidation catal yst.

In another embodiment, the process for treating an industrial waste stream
containing a borane compound may include mixing the industrial waste stream with
an organic solvent to form a solution, and passing the solution containing the borane

compound through a vessel containing a resin carrying an oxidation catalyst.

According to the process, the industrial waste stream containing the borane
compound is mixed with an organic solvent selected from a ketone, an aldehyde, a
mixture of at least one ketone and at least aldehyde, a mixture of at least one ketone
and at least one alcohol, a mixture of at least one aldehyde and at least one alcohol

and a mixture of at least one ketone, at least one aldehyde and at least one alcohol.
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According to the process, the industrial waste stream
contai ning the borane conpound is mxed with an

woe@ans21sol vent sel ected froma ketone, an al Behysmo4/e42464

m'xture of at Ieast one ketone and at | east al dehyde,

S L Sl BB B SoPdn St o,

wiglasift ﬁﬁﬁtaﬁb&oﬁé’étoﬁﬂ ddlﬂyﬁﬁ‘o&%ﬁe&m@f fﬁlctés%astfexﬂgﬁa sucrose, and
ketone, at |east one al dehyde and at |east on

rpixeeRoiheTded | ndustrial waste stream may be c_ont act ed
with a ketone selected from wthout Iimtation,
acet one, di hydroxyacetone, fructose, dextrose,

SuCr OBt indAstrifl whété 8Fedh @ﬁﬁpﬁe chﬁEctéd" dlagt ;{11 QhelY%%ta%I}]e or an

stream may be contacted wi th an al dehyde one
aldelyAy thecdmbinatir Wil admtow: t deaohéhmrteﬁong\nluma:lda:hydes that may be

t he al at, nma utilized.i
BT RS PuRic By o SrapoRupiiic acia
agl yoixyiréscthaebl and m xtures thereof. If the industrial

waste streamis contacted with a m xture of a ketone
and an al cohol, or a rrixture of an al dehyde and an

h
?‘n' ifﬁ?éhen%?‘ﬁ%g&?&ﬁ&é SEA i< Atadt R by, Bt and an
akohbl, as armmambf aletamansada aﬂ& Bk qmn@ﬂ thénsmerél&ﬁm khat may be

hy| ene gl.ycol,. propyl ene glycol, cerol, an
“H\{l%%/ mbe pHgEnmay be Sélé?tf:@\ ifienEFBisd S@l@é@s&lcthlscsmh as methanol,

CREREECH B LRI, 1R B2 PO, 8.

ngxtgestheeofii xed with a ketone to forma soI u_t| on. A
particularly useful ketone for this purpose is _
acetone. The industrial waste stream or the solution

of the eRIMSIhbHMYRAS, Frictt J{)mﬁﬂﬂ%ttﬁ@m‘a{l&ﬁm {aste stream with

sol vent, IS t hen cont act e resin carrying
thexiegia ¢myn@t1al qzsqlatlonrca@@wrthb industrial egbkte steymbie naixed with a

KBPE R R 4 it RSP ek Sns g i bigmose s acetdne
adsorptlon resin and i s capabl e of
The industrial waste stream, or the solution of the industrial waste stream and
the organic solvent, is then contacted with the resin carrying the oxidation catalyst. In
general, the resin may be a polymeric resin. However, it should be noted that any
material that is capable of functioning as an adsorption resin and is capable of

incorporating an oxidation catalyst may be utilized in the present process.

The resin preferably comprises a polymeric material. Suitable polymeric
materials that may comprise the resin include any polymeric resin that is capable of
functioning as an adsorption resin and is capable of carrying or incorporating an
oxidation catalyst that is capable of oxidizing a borane to boric acid. A preferred
polymer resin that may be utilized in the presént process comprises a styrene-based

material, such as, without limitation, a styrene-divinylbenzene resin.
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I ncorporating an oxidation catalyst may be utilized in
the present process. The resin preferably conprises a
w@odopme2ic material. Suitable polymeric naterikCBHUSIVA1/042464
may conprise the resin include any pol yneric resin
that js capable of functioning as an adsorption resin
and i &b %gﬁgbwn%%ordaww%escﬂn PRacatopsatishéprdhe oxidation of the
I,d
BELRE RnEThoY Thal W WRAFAROR" s AL s b B hiiun, rom the

mycdn&iuutorlalerﬁ@ldsm pﬂehmgppnbsmi Anomddaionomilyseis @y chemical
r ebasie erl ‘o sch as, Wthout Jimtation
&F ! grighyag nfirsh EhetaighSTesHes i@ 8 Spond chemical
dpREREP Y d 'th‘Ib el '
R 83, O R S 1. AT e
@ﬁnlhzastha owaistien sf adamnkrampobed se bbio lacidctTife ox1dat10n catalyst

| ect l.ati t
4 el Ot ol Boke o JuBei R Bina bt el gmonslity
1ot ShmBRETLE BleaARSEGS Halind o ;@@fmgﬁ T8y, ROSGLGH,; that is, a
@H‘i@ﬁlc(?a%id noi ety that catal yzes the oxi dation of a

borane conpound to boric acid. The oxidation catal yst

may include an acid functionality group. Wthout

[imtagtj £ t na rise a .
i S LT B T NN

1bhadxchﬁ1ge&e§1ﬂ| ﬁ@ﬁIMeanﬁl' CRerdel Wompany sélﬁﬂ‘ﬁide@"ﬂl@é tr&88 name

resin for th| se is a commercially available ion
12Q¥ R M e DOWEXGHHien exshanzreresiag radiigappquepmenospheres of

00 AR g i

styrene- divinylbenzene matrix carrying a sulfonic acid

functjonaljty. In certain enbodi nents, a process is
pr ovi By eymb%ﬁmﬁ% SPFOCRRIS PRTAICd s Hghting anndustrial waste

ﬁx‘é%aéd'ﬂtﬂ&ng PobARe CSQ]?SEQIW that hﬂ&lu&é@%dﬁ%ﬁng Rt %ﬁﬁétﬂgl waste

an 1 ndustri waste stfreamwth a separatio

smem vaish afsqvaramnpbchumasudnobsofqntexmp}eem aquotmntreantto extract
bor ane c und fro i ndu t rial t&]e stream

t 58“‘{18 é}OB]é)P d?] a waste s eam Onc e borane compound

has been extracted from the industrial waste stream, it is then contacted with a resin

carrying an oxidation catalyst.

The process can be used to convert dimethylamine borane extracted from an
industrial waste stream or from an adsorption medium to boric acid by acidic
oxidation and hydrolysis. The conversion of the of dimethylamine borane to boric
acid by acidic oxidation and hydrolysis is represented by the following chemical

equation:
(CH3),HN:BH; + 3H,0 + HX — NH,(CH,),"X + H,BO; + 3H,

wherein X is an acid moiety.
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has been extracted fromthe industrial waste stream
it is then contacted with a resin carrying an

wo@ziodasizon cat al yst. The process can be used tPCT/OR2004/042464
di met hyl am ne borane extracted from an industri al

waste stream or froman adsorption nediumto boric .
aci d Ipyedainambogdineus, idaﬁe'gwan%%wﬁ%méy bgggnverted to boric acid

onverf.si Qn. ,of ofy . di hy 1L e hor.a ' -
HETERRE " RBiod O B T hRSirBCros et RRE conpining
dimethiytantiat borina ghrohghrh ceparstipmatesinrariiigBuPiiNe Befdl functionality.
3H20 + HX ~NH2( ),2 1X + H3BAB + 3H2 erein X is an X
Tehei eprverseany ol ﬁlﬁc&ﬁxlﬁmeeb%aﬁ P Arlduncypacid igakion and hydrolysis
HRO0RRE I REREn GO 3B Pind Yhdact d by acidi ¢
oxl datron and hydrolysis by~ passing a waste stream
cont ai ni ng di net hyl am ne borane through a separation
resin carrying sulfuric acid functionality. The
C GRTighENGAHo - GHYB! fyHaS e orNHs OBly)< S i cHaBOdl + 3H,
oxi dation and hydrol ysis proceeds in accordance with
the follow ng equation: (CH3)2HN. BH3 + 3H20 + H2SO4
NH2 ( g§o§ e; et f
tream%{ﬁe [ aics?tbgrg?g? t\i%é?% t-sl,aiar ﬁ%@?ggféﬁé;%%&n Hom the
ssemndondnatacpletingsclutiongmsy beitaroiad nalat bmbicant tnepkratute. at
anbi ent tenperature. The present process contacting
may be carried out for at least 2 mnutes to conplete
the epld pebd®Prétiesd b&tmf@nﬁaﬁ%m&%sodtr@fnat st 2Shifwtes to
and to oxidizeé the extracted borane conpounds. Wile
conmwletolthe exiractinn of tlax beraneragmpeungsi from dbe resiesnd s pxilize the
e\é‘?rriteﬁ%Oof %her%czaalts species fromindustrial waste

PEANEOXHE “CBRYVEIT vari ous cheni cal conpounds usi ng

While the solution and process may be utilized to extract a variety of chemical
species from industrial waste streams and convert various chemical compounds using
various separation media, the process finds applicability in the extraction and
conversion of reducing agents that are used in an electroless plating process in the
semiconductor processing industry from the waste stream. The process may be
utilized to extract and oxidize a reducing agent, such as dimethylamine borane, from a
waste stream using an acid-functionalized adsorption resin. As the dimethylamine
borane contacts the adsorption resin, it is converted by oxidation to boric acid and

other chemical by-products.
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various separation nedia, the process finds
applicability in the extraction and conversi on of

WO e@3mb32¢1 agents that are used in an el ectrol eBET/US2004/042464

pl ati ng process in the sem conductor processing

i ndustry fromthe waste W ]gwe process may be
utilized to extract and &ES r educi ng agent, such
as di net hyl am ne borane, froma waste stream using an

aci d-functionalized adsorption resin. As the
di met Hy¢ fodiomenhenaapde seat fcthdo ttmtheaddwstpte Deertais empodiment of

Ls converted by oxidation boric acid,.and other .
ERATPGST. oy pPaLt Seskor P8 SPHETIG POl JFprogesssin any
S6hndrorth to further illustrate a certain enbodi nent
of the process. The exanpl e should not be construed as
limting the process in any manner. Treatnent of

balt ElLecir ss Pl at.in | uti on A cobalt
F@%@@'?%Ptéggﬂfgf CFRgfe gﬁ;lﬁ?&)ﬁ&ﬁﬁ%n prepared by conbi ni ng
together 30 grans of CaCk -oE O 57 grans of citric

acid rmnohgdrate, and 50 grans of NEI O . The combined
i ngr edli cobak elgstrelesy platingl selutian Ovasiproparéd Yxiconibigug together 30

ST bRy S S B b FmoPo D AR 2 g of NELCL

'BheOEOMBﬁeadﬁgédleﬁtngél’@’BdlﬂftecﬁWOO Ui wﬂhoaéisﬁl@bd t@at@NdTo this
20 grans_of dinethyl am ne borane (DVAB) was added to

_ Wl@o%ﬁ md of 2fYorpqupqus tetranethylgmmopipm hydroxideed M A heving a

I n e 0
FELA I8 E0A 255 0 el b 1 b of
dittediyddniae beepa(BMAR) wesadiled25 thedohnfont FinatBpal s mi of TMAH
eI ectroless plating solution pregared abgve was_ poured

deth o thesolptiopmdthesolution wanditeedim! Hiea Wigdcionized water.

aI lowed to flow through the columm by gravity. After
pouring the cobalt plating solution into the col um,
500 nd 300 mkeccdwming echswatkad, witblah adestptign 8&parationatsia. 250 ml of

the W6baif a1 tr&esssolhgttlﬂgosnohcl:t?oqp{)rlegilrre]g a%gv Was %Qltlregcigttootﬂg tc?;}/ of the

resin-packed column and was allowed to flow through the column by gravity. After

pouring the cobalt plating solution into the column, 500 ml of deionized water,
followed by 250 ml of a regeneration solution comprising 10 percent acetone by
volume in isopropanol were sequentially poured into the top of the resin packed
column. Shortly after the introduction of the regeneration solution into the columnz,
750 ml of deionized water was poured into the top of the resin-packed column. Eight
fractions of eluent were collected from the bottom of the resin-packed column over

the course of a 40 minute time period.

After the collection of the fractions was complete, 100 m!l of the DOWEX
M31 resin was measured in a graduated cylinder and transferred to a 250 ml botile.
100 ml of fraction 6 was also measured in a graduated cylinder. The 100 ml sample
of fraction 6 was combined in the bottle with the 100 ml of DOWEX M31 resin to
prepare a slurry. The slurry was stirred with a glass rod. After 1 minute of stirring

the slurry, a 2 ml sample of the supernatant liquid was decanted into a sample vial.
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vol une in isopropanol were sequentially poured into
the top of the resin packed colum. Shortly after the

WO ndosoeizet i on of the regeneration sol ution i ntPCT/H82004/042464
colum, 750 m of deionized water was poured into t he

Ao odiferd 3 MBREST pERnEn sooPloniisarpls Was decanted.  An

ardaﬁio%ap@aﬁggg WaRlt 4B AR t%’fb? nfifeES Sf chmﬁg‘ﬁga QLAY he samples
t1me peri After the collection of the fractidons was

wem';ﬂveluetedJIQObmbndﬂ\/ﬂH;eN}mMmﬂrmedrths iahsenas offéXdABeth the test
SBB’P? graduated cylinder and transferred to a 250 m

. 100 M of fraction 6 was also neasured in a
graduated cylinder. The 100 m sanple of fraction 6
was conbined in the bottle with the 100 m of DOWNEX )
MB1 rHBsi wxldﬁlmr@rlﬂ\r/lé&b}s Io@nta«;imngwa&tct sirqay guadaigingDMAB with
with a gl.ass rod, Aft stlrrln
Lty SouPif8 Sy i idlion Mg SRl WA Oetal gy A waste
éﬁ@ﬁlﬁné&iﬂalhﬁi*g@mmse ydsad bl aadﬂ)hﬁﬂﬁj iphbl@aatvit8 a polymeric
m nutes of stirring, asecond2m anpl e was

aqlmﬁp@ gesimnAgelane iW@F] aassgd\ Hppeghnie aﬁmmrarqsmp@kﬁfbp@lumn in

S ng urry. The M) es
B 1 ey DD B Bl oS i i PRGNt ilBisde Spmples
dohihg ]leﬂ\B eféreSedipdcted With @xiedit térlaifingDMABxidation catalyst
contacting a waste streamcontaining DMAB with a resin
commripingpratridieifumetionliyanpmelye &tsﬁlf%f agid fangtionality; fpr different

A DMAR

tﬂgé 2%8{1# a?l‘fjeiug Y, 1 \éi@]ﬁhﬁ%sfpg%(e S t%hﬂh&gf gL gvae§amples were
eazdhxatth dgainst @&l wesulfcef coraparatyepaddest h and @h whivh were acetone
adsorption resin- ked colum in qrder to extract
%&&’an‘i‘)&ﬁnpﬂéﬁ?l@é’&w h eEa utagef il fhedepi garying an acidic
oxARIR TaaRE TR fbgul%\ﬁsgﬁaﬁ{,ma@e&saow th aresin
contal ning an oxidation catalyst conprising an acidic
functionality, nanely, a sulfonic acid functionality
for different tine periodsEAE; ly, 1 mnute, 2
m nutes or 5 mnutes. Thes | es were eval uat ed
agal nst the results of conparative exanples 1 and 2,

w 'Eké' ' © POt U eatment Time Elapsed Since | % DMAB Remaining
Elution (hrs)
1 (comparative) | Acetone Only 3 19%
2 (comparative) | Acetone Only 7 3%
3 Acetone + Resin (1 min) 3 1%
4 Acetone + Resin (1 min) 7 1%
5 Acetone + Resin (2 min) 3 0%
6 Acetone + Resin (2 min) 7 0%
7 " Acetone + Resin (5 min) 3 0%
8 Acetone + Resin (5 min) 7 0%

Samples were analyzed at two different times for the presence of DMAB,
namely, 3 hours after elution from the adsorption resin-packed column and 7 hours

after elution. The results shown in Table I above demonstrate that contacting an
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solution containing DMAB that were not contacted wth
the resin carrying an acidic oxidation catalyst. The

wo eadlotiare set forth in Table | bel ow TABLEPET/US2004/042464

Exanpl e Treatnent Ti ne El apsed Since % DMABRemai ni ng
El ution (hrs) 1(conpar atlve) AcetoneOnly 3 19% 2
ipdwsiiiadluagts eyean é@l@iw@@\ﬂ @ boranesampeusd gech ReBMAB Vi a resin

%ﬂ&ﬁ%arg%%?%lgﬁc a@?}')g'ﬁg %1&5 m]tf{ gﬁ)‘ﬁgegy& %91 atlgg I\?_AiBZto boric
dgkin (5 mn) 3 0%8 Acetone+ ReS|n (5 mn) 7 0%

Sanpl es were anal yzed at two different tines for the
presence of DVAB, nanely, 3 hours after elution from

t he aﬂ?eofe%h hidif ?(%lﬂﬁ %c?ﬂro%@i#{%}l b%nlgseé &) QH:EtSa ke R/anety of

el ution e resu
spenneisdiradése pldtatg mﬂm(ﬁmtdongummg pethusingi @enmstoh &t tf@amample
rane_conpo such_as

t
Con %' {é'gg?eﬁ ﬁgatlalﬂ sodytEpns, g(;baga‘?ﬂ?%??l??étpé?‘?@t thé%qnsf anq gopper
eq&@m@gsg g&klﬁgg Flbﬂé"t ion DMAB to boric acid. The
SO

regenerati o ution and process can be used to treat
a wide variety of spent electroless pI ating soI utions

cont |n uci ng age such . as,
o ot Seterd Drathst SERicnagl 3 S rest gy QU exlracts borane
R hﬁ@é f&% S?Eﬁtt el cifubfot @Té@trol@%l%%oﬁlutﬁhﬁa’ﬂfél Iﬁé@ess also

pI ating solutions. The present process efficientl
quickly etddizdsi thel Wt@ct@ab@mn@@pm to boric acid. In fact, the rate of

oxidation of dimethylamine borane to boric acid by the present process is about 300
times faster than the rate of the uncatalyzed oxidation reaction. The present process is
also advantageous over prior processes in that special injection and mixing equipment

is not required, as is required for use of liquid acid catalysts.

It will be understood that the embodiments described herein are merely
exemplary and that a person skilled in the art may make many variations and
modifications without departing from the spirit and scope of the invention. All such
variations and modifications are intended to be included within the scope of the
invention as described herein. It should be understood that any embodiments

described above are not only in the alternative, but can be combined.
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conpounds from spent semi conductor el ectroless plating
sol utions. The process al so quickly oxidizes the
wexiaosac2ed borane species to boric acid. | n fartT/Us10e4/042464
rate of oxidation of dinethylam ne borane to boric
acid by the present process is about 300 tinmes faster
than the rate of the uncat@LABME8 oxi dation reaction.
The present process is al so advantageous over prior
processes in that special injection and m xing
‘gﬁqbgggpﬁ is not required, as is required for use of
tquird acid catalysts. It will be understood that the
enbodi ments described herein are nerely exenplary and
t hat erson,.skilled in the arf m ke many . .
lyar i di BRESEN P rmiIar FTE: 4P HGSGEL RUe dBAP: Fiycipigma borane
oMot EbthpAfify S6RREIRY the Aeiustha Mabt@ Rtredth lwiBh!g Resin carrying an
variations  and nodifications are intended to be )
oxirbatiod exdtalyst that is isepable pé€ oxidizipg: said\beraneorpnzppund to boric acid.
descri bed herein. It should be understood that any
enbodi nents descri bed above are not only in the
22l t erntpr¥€eshBf chahl IPRh&eaiPebrfdotihyEndNidslntixidg the ifdustrial
process for treating an industrial waste stream
veaste dieamngith thegesine conpound conpri sing contacting the
i ndustrial waste streamwith a resin carrying an
oxi dation catal yst that is capable of oxidizing said
3or areheGRERRY B clain RoWhéreidtaill cotaclihg inplhwles e of tad BilGwing:
1 wherein said contacting, includes mxing the .
(rsarmatamegpslyaixingshe endustrial waste stream with an orgpric splyspisand the
« C . . o e .
By ST IR SO0 AR ek iR S R0 2P12h form o
sohgioa, followadbyintikingthe sgamercwib theamsinand t he resin, or
(ii) mxing the industrial waste streamw th an
organic solvent to forma solution, followed-by m xing

4.he sgldilbods WF tillirh BSvHeRsih the dtgantd SolPER GEKTeRId FbRItAR Sroup
wherei n the organic solvent is selected fromthe group

* consisting of at least one ketone, at least one aldehyde, a mixture of at least one

ketone and at least one alcohol, a mixture of at least one aldehyde and at least one
alcohol, a mixture of at least one ketone, at least one aldehyde and at least one
alcohol, a mixture of at least one ketone, at least one alcohol and water, a mixture of
at least one aldehyde, at least one alcohol and water, and a mixture of at least one

ketone, at least one aldehyde, at least one alcohol and water.

5. The process of claim 4 wherein the at least one ketone is selected from the
group consisting of acetone, dihydroxyacetone, fructose, dextrose, sucrose and

 mixtures thereof.
6. The process of claim 4, wherein the at least one aldehyde is selected from the

group consisting of formaldehyde, acetaldehyde, glyoxal, glyoxylic acid and mixtures
thereof. |
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consi sting of at |east one ketone, at |east one
al dehyde, a m xture of at |east one ketone and at

wo easeane al cohol, a m xture of at | east one pdTER}0d€042464
and at | east one alcohol, a mxture of at |east one

ketone, at |east. one al dehyde and at | .east .on
Q) cohbie pracess 9? Ghagm grw elfli’é‘%‘iﬁﬁ?ﬁéc’%‘t‘lﬁﬁ&l 1%%6?%%@5%0111 the

4 ) :
05, BRI Sty B el O Ly o,
proptleteeglgéolaglyteral andnaxtvetsdmecofat | east one al dehyde,

at | east one alcohol and water. 5. The process of
claim4 wherein the at | east one ketone is sel ected

d.r om+e, gEQUB T ERNS USiieIén He AER1iOWSIvent is a ketone.
di hydr oXyacet one, fructose, dexXtrose, sucrose and '

m xtures thereof. 6. The process of claim4, wherein
he | east one al dehyde is .sel ected fromthe group

% o Hie o0 OF Geiae quiyda SeRSui BEHRE ol yoxal

gl yoxylic acid and m xtures thereof.7. The process of

claim4 wherein the at |east one alcohol is selected
0 om Theeprgeasa pf cloims dsrliengin die orgamhianolventds hamisture of a ketone

n-pr%Fa%oi, i sopropanol , ethylene glycol, propylene
WRsfcohgl-{cerol, and mixtures thereof. 8. The process
of claim4 wherein the organic solvent is a ketone. 9.
The process of claim8 wherein the ketone is acetone.
hlp. THhe pperseofcleim d P avheren tiedictans is peetenrepndithe slobhadns
N 1 xture of a ketone and an al cohol. 11. The
1%§%§%§§fof claim 10 wherein the ketone is acetone and
the al cohol is isopropanol. 12. The process of claim1
wherein the resin is a ﬁ?erLc resin. 13. The

pal . 3. T
13¢ oc ekhe rgpeesp af phaim 1 rhsran thaeainpn pelymeEicaesdiny s a

styrenedi vi nyl benzene resin.

13.  The process of claim 12 wherein the polymeric resin is a styrene-

divinylbenzene resin.

14.  The process of claim 1 wherein the oxidation catalyst includes a sulfonic acid

group.

15.  The process of claim 3 wherein the oxidation catalyst includes a sulfonic acid

group.

16.  The process of claim 1 wherein said contacting includes mixing the industrial
waste stream with an organic solvent to form a solution containing the industrial
waste and passing the solution containing the industrial waste through a vessel

containing the resin.

17.  The process of claim 12 wherein the organic solvent is selected from the group
consisting of at least one ketone, at least one aldehyde, a mixture of at least one

ketone and at least one alcohol, a mixture of at least one aldehyde and at least one

11
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14. The process of claim1 wherein the oxidation
catal yst includes a sulfonic acid group. 15. The

w@e@s®er1Df claim 3 wherein the oxidation cat aP@BEUS2004/042464

i ncludes a sulfonic acid group. 16. The process of
claim 1 wherein said contacting includes nixi;ﬁ t he
e

aloodiok emiixtureas aidesst oaaieipne it asiongalddyde pydpftleaspone

ol uti tai ni ¢ . . .
als3b) AgTRni SB BRI e Bil. o s RS RRL g it of
at aQUaR Adah6as ekt 16endi Abohg] tftbwarsiand alnfixturB ©f prlesse sae

of claim 12 wherein the organic solvent is selected

ketonm atheasy peripldelaysisi aftlpag ons alseholand wagsie ket one, at
| east one al dehyde, a mixture of at |east one ketone
and at |east one alcohol, a mxture of at |east one
18| detmierasds af claBagy wiitesh aehmllcasbond ketotiesis 9éleéttd from the
| east one ketone, at | east one al dehyde and at | east
g eaneishag of acalene dilyderyagetonea Bpiciohe dexireisesucagse and
. | cohol and water, a m xture of at |east one
d&?glzgsytggl,%ogt | east one al cohol and water, and a
m xture of at |east one ketone, at |east one al dehyde,
at | east one al cohol _and water. 18. The process of
184 ai hheprosrse of plaid 7 Jeheredn dhe %ﬁélyré@% gisaclested dog th group
Sheth 186 ic acid and mixt

cgflﬂyg/ﬁ o# oxyfg%g%hgﬁ , f%%c%los gﬁ E,O%}Qﬁag,;hg?'oxg ll}g Fose and  ures
thergdfur es thereof. 19. The process of claim 17 wherein

~ the al dehydes are selected fromthe group consisting

of formal dehyde, acetal dehyde, glyoxal, glyoxylic acid
ANd MRl 3h6Ss bPBRERT7 vAlkreid AR RNQEESS Aokl & dMebfed from the

wherein ‘the at |east one alcohol is selected fromthe
gyowpeonsisting of methanbl, eizheln oipropsniehnssipropanpk, efheiene glycol,

SRR el S b AP e R Aot ™ o 91 veeh:

21.  The process of claim 17 wherein the organic solvent is a ketone.

22.  The process of claim 21 wherein the ketone is acetone.

23.  The process of claim 16 wherein the resin is a polymeric resin.

5

24,  The process of claim 23 wherein the polymeric resin is a styrene-

divinylbenzene resin.

25.  The process of claim 16 wherein the oxidation catalyst includes a sulfonic acid

group.

26.  The process of claim 1 wherein the borane compound is dimethylamine

borane.

12



21. The process of claim 17 wherein the organic
solvent is a ketone. 22. The process of claim?2l
wobk@sesizit he ketone i s acetone. 23. The procesBCDS2004/042464
claim 16 wherein the resin is a polyneric resin. 24.
The process of claim23 wherein the polyneric resinis
23. st yFherpedéess nfi¢lpion 26 méereds the. dimsthylpang beraas & axfidized to
b(:I.ai m.,16 wherein the oxidation catalyst includes a
QUG ¢ acid group. 26. The process of claim 1
wherei n the borane conpound is dinethyl am ne
borane. 27. The process of claim 26 wherein the )
28i metTheimantaseobelpimné Wheran saf ferfaetangos chigied ouat apghient
he g{ocess of claim1l wherein said contacting is
WY out at anbi ent tenperature. 29. The process of
claim 26 wherein said contacting is carried out for at

| east 2 m nutes. o o _
29.  The process of claim 26 wherein said contacting is carried out for at least 2-

minutes.
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