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The present invention relates to a conposition and nethod ‘
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are readlly hydrolyzed and |ssolved upon cont act mnth aci d.

used in |ater stages of
oards, oxide |ayer deposition has

been Séo 0l mmnhm@a@kmbeﬁﬁmmﬂmsdzaﬁ$ ck on the oxide layer is

comonlly ref@red to in the industry as "[pink ring", because as acid
strips %qgg{q@m% stbycl Bardn AAPdkrenf {8QB0af N€ surface, a 30 ring of bare
pi Nk cdpper EReKdsigsn, Badoll &1 5BU (GB). he problem of vulnerability of the
oxi de llayer to acid was sol ved by tjhe nethod described in U S. Patent
No. 4, 6§42, 161 to Akahoshi et al., hlerein incorporated by reference in
its entirety; the Akahoshi et al. pjatent has been assigned to 35

H tachil, Ltd. The Akahoshi et al. nethod is also described in

Akahoshi et al., Crcuit World 14(1) (1987), and in the
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A composition for reducing a copper oxide layer to metallic copper so as to facilitate bonding a resin to the metallic copper is
disclosed. The composition is an aqueous reducing solution containing morpholine borane.
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H tachi, Ltd. technical publication "The Chem cal Reduction

Treat ment of Copper Oxi de, DMAB Met hod (Technol ogy for the

El i-m nation gf, doleRls, R Ng”, both of which references are hergifyysornsazs

I ncor porated by re erence in their entireties. 5 In the Akahosh

et al. nethod, the copper oxide |layer is reduced to netallic coppér
by neans of a reducing sol ution cont ai ni ng an am ne borane conpound
as the active reducing agent. The m nute unevennesses created on the
copper surface fromoxidation remain follow ng reduction, so that the
nmetallic 10 copper surface produced as a result of the reduction process
will fagma sufficiently s@mmmmzmbt MEgHOBSFOR REDWRIMG ast to

cupric oxi de and cuprous oxbﬁ ffbﬁﬁﬁ%qﬁéﬁﬁﬁﬁkﬁﬁbﬁPﬁﬂ acid, the

metal lic copper surface resu |ng ron1t process, which
I s the sane bl ack-brown col or as the oxide 15 | ayer, has good acid

resi stance. Therefore by reduchmmnmhgp THE Iﬁ@ﬁﬁ@i@@xide to netallic

copper, the acid eS|staeP$ g g %éi ce or anel [ S |r14eas d,. and

there is a reduce eSS K fwﬁ’B BT FEaPafi® pB’F“‘b‘P‘hka’P fpthod

The present | fokredngiagucoppeagenide vitn gietald icapapperoin 2the faledumitipn

cupri cuxi deot Qnd‘Péﬂ&ﬁ‘ef‘r @%ﬁ@édaéfram@%&%@es represented by the

general fornula: BH3NHRR “(wherein R and are each a nenber

selected fromthe group consisting of H, CH[err], and

CHerr]CH err]), such as di neBAZKGROUND oF arkE IRVERrIaNd anmoni a

borane. Because n I t eys L.ooare
W Ché%%r uang ?‘gi‘ﬁﬁaﬁf‘% Jt 'R BIULRE! PEene LOY A

quite expen3|ve perating-cos

reducti on priR@eds requires bongfipg t?QEQQ?FﬂQ§aFP?P8€sPF@b?%S%Q)%ﬁ%ﬁﬂﬁ?p an

al ternati ve Howeveredlicieat bgadﬁ.ng\,h:bf hcoppdre andexpenai Yayéhamdde 8 ne

bor anegs, m&. S5 ER Laaalﬁgesm@tﬂ C GARREESEEYCly rESUdnddh T OM
30 such an te

rnati ve reducl ng a . Ng propertles
and acid res?%t%ﬂﬂﬁ?ve copper-resin bondlng strengthprﬁgpqquqqg|qmﬁghﬁ ON

| n one enbodecomper édrfhcenaﬁnbxmaeplayenkﬂsu&hceﬁpeﬁptbOQ oxlde,fdﬁpﬂthUClng
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resin to the netalllic udes an a
reduci ng SO|§R¢cgiqkmgggpﬁpngurface a black- brown color, creates minutep._

20 unevennesses on the copper surface which provide an
interlocking effect between the copper surface and resin, thus
improving bonding strength.

However, copper oxides are readily hydrolyzed and
dissolved upon contact with acid. Because various acid

25 treatments are used in later stages of fabrication of
multilayer circuit boards, oxide layer deposition has been
Problematic at best. Acid attack on the oxide layer is
commonly referred to in the industry as "pink ring", because as
acid strips the black-brown oxide layer from the surface, a

30 ring of bare pink copper becomes evident.

The problem of wvulnerability of the oxide layer to acid
was solved by the method described in U.S. Patent No. 4,642,161
to Akahoshi et al., herein incorporated by reference in its
entirety; the Akahoshi et al. patent has been assigned to

35 Hitachi, Ltd. The Akahoshi et al. method is also described in
Akahoshi et al., Circuit World 14(1) (1987), and in the
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nmor phol i ne bor ane. I n anot her enbodi nent, the present invention
provi des an I nprovenent to a nmethod of bonding copper and a resin

t oget her wherein a copper oxide layer is reduced to netallic copper
and 5 t NQugBhBhd2i C copper is bonded to a resin. The i mMpegxesrizies

I ncl udes reducing the copper oxide |ayer to netallic copper with an
aqueous’ reduci ng sol uti on contai ni ng norphol i ne bor ane. It iS an
obj ect of tFdtgchienttidnveechmical pidiicasian "The ChénisralatRedmatdduci ng
agent to theragikhenbobanesprse biie, 1®Man MEEHSH NYTécitty Pedepayer to
metallic copper .S9, as L9 b fachjlégfgfb?ndhngga resinto the netallic
copper . imination; of PHUR RLing) e BOLHr Of nUNLFR SEFRCTERASR g% hsrein
decrease incogperatedgby ose e iiat ¢thedwirt Antbppieiesxi de reducti on
procesges. 15 1n the ARghoo % 1 AHKARLA)CERe ALISA G ;ifay%Qeis

pr esent I nventi on w , becone appar ent ‘fromt f1own )
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The present copeaiihingt annatibse rhdasmen coMPpatt Aot Aive rEdRaagl or
reduci ng co oxXi tQ. .1 I abrication_aqf

mul til ayer %%%E\ltt ed _glﬁﬁglﬁllltq&%%al}rlﬂdé&e%%%es gr&gggdp?%vrl’%eusqof Frés & Hr%g&,e
copper oxi d€TPBIQEERBR1PE remain Fokliowing: Fedugeien, i gp ttatihef setalilag of

nul ti dbayer cpippeire8urface Préduddd padycbacause £10¢ Bddudit idh HPrecaxisde

| ayer, which,. urn e_pi copper _surface,a bl ack-bro col or,
creat es Wfﬂ% gﬁ{é ﬁn%%%% %é%ég?¥) ﬁ%@gc§ﬁﬁgrw§€?f%uﬁf§ﬂﬂ' #ng89$5855n
i nt er | ocki n§oefrprichexide mudcurms oxddeacehinl aesibnth meduble in

i nproving berdd)grabr RBFATIDE ddipdrARIrFacEOPENEl i AP CANSE the redtRRBH
vul nerabl e to acid

oxi des are |l uble in,acjd, the oxide,klayer, is 30

att ack. %gocess'TW]@lﬂﬁa%%sﬂ?e 3™ .bH%FHBH%& SRIPT 18 FhSo St t he
acid 15 ﬂ@pﬁ@nabﬁ$i9906f3¢i¢axﬁeiﬁiamgyer:Thereﬁm&emby(radumdngethed,
the copper Quipperl 8%elei o rhsiuced d %dﬁgj%l,l LReCOPPE rdli dTBARS of thef @

reduci ng sol uti.on contalnlgg.an.anlne orang conmpound as 35 the active
aFE%P

reduci ng ag&Ht T3cPheT PRtE 1 eliahrassss ap o & requgedcopper
surface frokiseildappdncf enipé ragrddmaniaeg ofedpibk onjng” .

- 3- The presently known reducing agents which are capable of

20 reducing cupric oxide to metallic copper are amine boranes
represented by the general formula: BH,NHRR’ (wherein R and R’
are each a member selected from the group consisting of H, CH,,
and CH,CH;), such as dimethylamine borane (DMAB) and ammonia
borane. Because amine boranes are costly to manufacture, they

25 are guite expensive, which results in high operating costs for
the reduction process.

Thus, it is clearly desirable to develop an alternative
reducing agent which is less expensive than the amine boranes,
while ensuring that the metallic copper layer resulting from

30 such an alternative reducing agent has good bonding properties
and acid resistance.

SUMMARY OF THE INVENTION
In one embodiment, this invention provides a composition
for reducing a copper oxide layer to metallic copper so as to
35 facilitate bonding a resin to the metallic copper. The
composition includes an aqueous reducing solution containing
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so that the netallic copper surface produced as a result of the

reduction process will forma sufficiently strong bond with a resin,
and the netallic copper surface resulting fromthe reducti on process,
whi-ch is theygsgakhack-brown color as the 5 oxi de | ayepcrhrer3end acid
resi stance. Because good acid resi stance indicates that the copper
oxi de | ayer has been successfully reduced to netallic copper (despite
no change i morpholing|kgragfe.t he surface), and because such a netallic

copper sur fRCendeicl rénﬂda%m@heut End %Yé‘églﬁé %@ﬁre%rt%hegrwlaés garlier

10 oxi dati on proces 0 re ance also 1 ndicates that the
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have an excwhereinabidopper exided layeh issraduciditcametallict boppedeandi bed

in theSAkahgﬁQ'm@Eafd:c:%?%%Q%ésﬁﬁgg ?8&' re51ﬂ nclgyde 5 ﬁ895¥e&gﬁ£ns

pol yan de resi ol y] olyester resins heno
resins, and® Pﬁgﬁ‘ﬁ%% 5%4‘?%1%5}&‘?3 copper @ﬁéﬂ%ﬁ aga}tﬂﬂ V&t WFéﬁglcpéPQBﬁEnyl ene
sulfide polwyehhan-adguetrus redudies Beluﬁﬂdnfé¢ﬂﬂaﬂﬁ1ﬁgn&orphollne bordhe.

b di $¢l o, h h Lepresent ed
am e boranes 56| p5e, i HebiEr ol 8 10Lop v bEIREPLECET
sel ected f rBFrF?iﬁéa@%Y)%prmra i3gnsf tey, the amirgHhemenesangedHEerr] CH err],

as repoesentedubehgve ddﬁﬁdr ox1de layer to metalliResRppRi-NachbaLapss i ncl ude
wever , such ani ne boranes

di et hyl am n oni a_30
are expensi \E}%c??{@a © cﬁ‘n oy &SPAP &P g‘&‘?‘rﬁ?eetﬁ ofFPRETdesi red reduction
of copper &% &R asrmtrlmz@gbjtené afii bhe pregmy dmyeptisuntd dectbase

reducti on sepétiaeing Neodii igsddifablYwi fh eXGsiss Yxildee r2RKE  on
st oi chi onet ﬁrgal Ig/ [ equi red for such reduction. Thus, reduction

ces
15 Other objects, advantages, and features of the present
invention will become apparent from the following
specification.

DETAILED DESCRIPTION OF THE INVENTION
- The present specification describes a composition and
20 method for reducing copper oxide to metallic copper in the
fabrication of multilayer printed circuit boards.

As previously described, copper oxide reduction is
particularly useful in the manufacturing of multi-layer printed
circuit boards because formation of the oxide layer, which

25 turns the pink copper surface a black-brown color, creates
minute unevennesses on the copper surface which provide an
interlocking effect between the copper surface and resin, thus
improving bonding strength of the layers. However, because
copper oxides are soluble in acid, the oxide layer is

30 vulnerable to acid attack.

The Akahoshi et al. method solved the problem of the acid
vulnerability of the oxide layer. According to that method,
the copper oxide layer is reduced to metallic copper by means
of a reducing solution containing an amine borane compound as

35 the active reducing agent. The minute unevennesses created on
the copper surface from oxidation remain following reduction,
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of copper oxide by am ne borane conpounds typically results in hi gh
operating costs. The present inventor discovered that an aqueous
sol ution contai ning the cyclic conpound norpholine borane,

OCl.err]H err LN bablhgr 11, 5 is very effective in reduci ngcgRRPRI34RXI de
to metallic copper so as to facilitate bonding of a resin to the
netal lic copper in the course of fabrication of multilayer printed
circuit so pbhat dehe et aldiso wepperor phoface ordured @ast ai mesnltrofethas a

ring-form ngefBARESn Flosdy\Ryihal QWEm[Qréﬁff1c1ently strong BBEHhQ£Eﬂe

borane is | ess, expensive to yfacture than am ne boranes, such
as DVAB, pr&EEAEIy2 geEP?qu C°PP§Hu§?¥§ﬁF?ﬁrﬁﬁﬂﬁ5%ngo ra® EBenetal lic
copper. Theeduttiog procesqmﬁwh;chf1sothéoéameaﬁﬂndkubndeQ&bebr]as the
(208[ egr] F) ox§@8PRYL QrtQhJ@ﬂgéod ac1d %@EQQF rﬂ%dﬁd@% 98? At s8ig36[err]
(97[err]F). Because of  its hig rmrphol I ne

bor ane can EésbﬁF%Pﬁ%dl%gﬂcates 9¥@§tFFPaF?Bﬂe%I°%ﬂﬁﬂ éﬁﬂeﬁré§§ubéenCh t he
ot her hand, shoepasf\ﬁ;{lﬁ(lredudéﬁe tHoowetalRiti fgppat Nideapineund BhhRgevaguum

distillati ohoyor oehSL AR HARY, LRAULLLOGe) " ONEABAYLACLYELDG cOSTS

for Rol Phe orane asqdo rel in
nanufacturlﬁ&rﬁﬁﬁﬁhﬁ@?#&?ﬁxﬁhﬁu@kﬁyt@o#BaVé@n%%ﬁQﬂnqn@ﬂ&@ﬂahysthe eargieh as

C[j)I\/AB 10esul bmaatu@ntpr@c&é&’/p @f@ﬁid aa!angémémw@m& 1nd§.lctﬂﬁé5| e8at| ¥he
ecr easi ng g e_Cco ction rocess

The effecti @gﬁegélofcﬁﬁ ]f'nosiurf cﬁofﬁﬁgggén% #’é‘aﬁcﬁhﬁeg rféiélﬁg 8

det er m ned U}lbrbéE§s$¢mF¥FQiiﬂ@§ra@xﬂGGchththxxxﬁh'n@&nab such ashrough a

reduci ng sokubkenasestabeu Nich MHPARRhBENDOEANE: %&tentBecguaﬁ theipetallic
copper surface%‘gr oduced from. reduc br own- bl ack col or

as the oxi d&"F FEY FE@S, P HYEE‘%@?a?e?)’d?%“né’["ér@m&fiﬁef‘e?ﬁﬁﬁ'
appeatance mhiyhsage resing .chemolic regiss, tdmwl dffeemoplestss vésihe

reduci ng prQﬁ@ﬁsasﬁﬁgﬁyethyleﬂéar%%ﬁ%ﬁhén&f&ﬁé“ghlfldé abb@ eEh€?~lﬁ§aQ
resi stance and \AelgnéT%é_qu}ﬁ | 0sS of.-"the copper oxi de coa ing after

reducti on. sins, 5% ®on time is the tine required for the

reduction ‘Bhe t épimoiperanes déstbosadt imttehe \Wkahoishd eedalt metthod

reaction are represented by the general formil¥: BH3NHRR’ wherein R and
20 R’ are each a member selected from the group consisting of H,

CH;, and CH,CH;, as represented below:

CH,
BH,NH< BH,NH,
CH,

25 BH,NH,CH, BH,NH,CH,CH,
H, CH,CH,
BH,NH BH,NH:
H,CH, CH,CH,

These amine boranes include dimethylamine borane and ammonia
30 borane. However, such amine boranes are expensive; |
furthermore, after completion of the desired reduction of
copper oxide surfaces, the amine boranes are consumed in the
reduction solution in amounts greatly in excess of the amount

stoichiometrically required for such reduction. Thus, reduction
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I nitiates, hydrogen bubbles rapidly formfromthe copper oxide and

continue until the reaction is. conplete; preferably, initiation
occurs within 4 mnutes. The acid resistance is determ ned by

| mer si ng t heyd efisgRd copper in an acid bath. 5 Met al | | @ceRRPAI3423
survives longer in acid than do copper oxides; one suggested neasure
of acid resistance is whether the metallic copper |ayer can w thstand

aci d resi st @ficeopper avxide by lagesie bbovahe 36ompauridss tyPleallyheesults in
ef f ecti venegg gaf og,gfatlng cdfducti on process can be determ ned by
resi stance to acj, 10 attack. The weight |oss of the panel also

det erni nes the e PERith | \WRREoTofisRavered cihah an GeresusAsebppePn oxi de
panel cbose$nimg gtite whe:ri:.tdleompppﬁd natpltol g adirand., Bxcqrtglms BHL Ng

the wegght 193§e9% LPL &Y ?%Qﬁcgﬁéh%o?%gf &Qgﬂ%a eﬁ%i%% igccopper

reduction can be determon Ss 1'n
copper oxi d&% 85nBP ?W%%%%@Wé&ﬁ@eaf preesinmifio theemghellic coppes s

greater thainlbde Eoppss mlmxﬂ%aehanwefemﬁmgé%r rlntﬁﬁo\ﬁhgguﬁﬂ oxi de

| ayer on a Llic p uccess reduction b

mor phol i ne ggrggne a@%k)nec:{:’séP oud%oyorphollflﬁeb%ﬁﬁ/ee NEl é‘r}élPePé(é%ﬁEﬁr%% % hat
the mnute Hﬁégeﬁﬂmm ﬁmﬂber:cﬁ@aﬁééwnnbeh@ﬂcopper surface from oxi dation
remai n fol | owi ng reducti on. Those m nut e unevennesses enabl e the

met al Loc copper surface pr, om nor phol i ne borane reduction to
forma sufficiently strong boné with ?f g esin. Such resins I ncl ude
epoxy resins, polyam de resins, | @1 BHy esi ns, and 25 t her nopl astic
resins such as polyethyl ene, polyphenylene sul fide, polyether-imde

resins, and fluonegghéine Ei)brl&@ﬂédllagless exﬁé&%ix}@ftoceiaaﬁpfaéeéréeéhaﬁ

| ayers, mul a rint ed C|rcu boar ds n be succes

f abri cat ed. the 4RIl b4 nesabg\}‘lg FFt BMRE, v%lf%sﬁfgtaﬁ’ 5 d &Rt FF‘? that

nor phdPi ne Z8ductiper e japnpsif estideetpnmeealtinappeper Ghiedselvingtal | ic
copper poahcceﬂqmmashm@bb%aaengsféé)m mﬂp)l g!oknptageaawrmn in

P ooty oasbb kot DOELIGR CE b8 ABF TELAL). CpLOREEL LD g pight
mor phol i ne E@ﬂ-éh@g cmmt eatida eds mpuphbbinarippragfe 38n beabbuaifed Iyl to
16.8 g/, i8ipeillstiéd at2 ablleht pFBEsure. (br[“@{g IRBehS hBH&t hes Heseey bed
?g? |£6ustrg£ed g%ér mégéiﬁ% %01nt compguﬁgebﬁﬁg (ﬁgél m élgglllatlon
must be used, resulting in higher manufacturing costs for
morpholine borane as compared to DMAB. This relative ease in
manufacturing morpholine borane as compared to amine boranes
such as DMAB, results in up to a 50% cost savings, thereby

25 significantly decreasing operating costs for the copper oxide
reduction process.

The effectiveness of morpholine borane as a reducing agent
was determined by processing a copper oxide coated copper panel
through a reducing solution contaihing morpholine borane.

30 Because the metallic copper surface produced from reduction is
the same brown-black color as the oxide layer, there are
several parameters other than appearance which are measured to
test the effectiveness of the reducing process. Such
parameters include initiation time, acid resistance, and weight

35 loss of the copper oxide coating after reduction.

The initiation time is the time required for the reduction
of the copper oxide to initiate. When the reduction reaction
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Exampl e 1 An aqueous reducing solution was prepared using 1.6

g/ L di met hyl am ne borane and 15.2 g/l sodi um hydroxi de. The

sol ution, at roomtenperature, was used as a control to reduce 5 copper
oxi-de formed g oéhas;above mentioned copper panels by IpETRISSIg23 he
panels in the reducing solution for a 4 mnute dwel I tinme. The
initiation tinme was recorded. The percent wei ght | oss of the copper
oxi de coati Agifdateme hydrogemtbubides rapiddguformtfmmattihey coppeirvedidel0 %

bdeO| ng. h?é.dl@@:@h@ﬁ.hﬁeaﬁﬁgiﬂ-gche 'I%Hzai?ﬁr /@EVSSHLB o pﬁcﬁfierfgb% r'ggeagﬁgous
reduci ng sol,ut.i qn_was prepared, ysin . ] . ]

15. 2 g/Ig sodﬂ}ﬁlﬁf/&?f}xgﬁ‘é‘:‘rﬁ'm’st %tﬁ‘énuges - X3 RS SPRGPalsed to
det er m ne t Getefrivdoedvbyessmerfsing thenweghokdneowsmnian am aadiﬂgbajthg agent,
and cogtain | Sl [ i yal 019(5}9 i 1 oRERLO
t hat cgnt ai ?ggl:laqj&é c?ﬁﬁéapl. 6 /rqliésru\]?%é}%rggdﬁgi %gidso utl ?r?t C%R)ggggielﬁgev\ére
i mersed  °me€ inggﬁﬁt?@d‘ﬂ%?ﬂb‘g%cﬂﬁJﬁc&ﬁ FEFLACANGH it SRARSIST Chee. The
initiation tetaldds repperelhycihearewiehsturightid Q‘&i@}a&f&.@zo for Tgoél ge
coating and ti h ul C [ rvive a o by
vol une hydrc}ch%gr :a(ggg{(:il %6 brg%}ﬁ'“{v\%ﬁe @(@%fdggg ngg&l‘.'ene_s@ot% Bﬁﬁs and
nor phol i ne BEORSELiRBr Bregess an fheoslefegningd by resgafmnss tcomgady,

M | waakee, \4tzaersi nThSOdéiﬁhﬂ1ﬂ(B’s@<idfetW€ég?n?l aldy ai'zét@i-ni‘S 1R H%lhle

Br ot hers- Cheyg . y ange . i fornia, ,

results, pr %s@é"%? g&%ﬁg%b?fe%}fe %’(ﬁdgvc\:/,tlf’ﬁdpfaf“@s?hatap‘ copper,gxids PABSbor ane
ef fecti vel y losgfcesigbppeienife aoppeataklife is redumssher By measuring

TABLE 1 the ReddbtNUoss of dHY ldoplle®Noxide pMd Bhtche Ath13Reness AGENt

T oo ©ooiliion oRFS S pinea. RISMAN Gons 150008 cnac
14. 3 3&¢c the ¢opperopxidel B mat fully being reduced; preferably, weight
-7- loss is greater than 15%. Copper oxide panels were made by
growing an oxide layer on a metallic copper panel.
Successful reduction by morpholine borane, as measured by
the above parameters, ensures that the minute unevennesses
20 created on the copper surface from oxidation remain following
reduction. Those minute unevennesses enable the metallic
copper surface produced from morpholine borane reduction to
form a sufficiently strong bond with a resin. Such resins
include epoxy resins, polyamide resins, phenoloic resing, and
25 thermoplastic resins such as polyethylene, polyphenylene
sulfide, polyether-imide resins, and fluorocesins. By bonding
together copper and resins layers, multilayer printed circuit
boards can be successfully fabricated.
The above criteria were used to identify that morpholine
30 borane is effective in reducing copper oxide to metallic copper
at concentrations ranging from about 1 g/l to saturation, in
order to facilitate bonding a resin to the metallic copper in
the fabrication of multilayer printed circuit boards. The
preferred morpholine borane concentration is in the range of
35 about 2.7 g/l to 16.8 g/1, in particular, 2.7 g/l. The
invention is further described and illustrated with reference
to the following examples:



Exampl e 2 The present inventor tested the effectiveness of

nor phol i ne borane at other concentrations. The saturation

concentration of norpholine borane in an aqueous solution of 5 15.2 g/l
sodi um hydr owiogd8ehdd t he range of approximately 50 g/l pct/650784423 The
results, presented in Table 2, below, indicate t hat nor phol i ne borane
is an effective reducing agent at concentrations rangi ng from abolUt 1
g/l to saturation. Example 1 TABLE 2 10

Concentration ofan agudichisaire@icing g/éi/t\ﬁhgﬁ{ /wlas Peefared usﬂgé gfoé 'gf'ﬁ. Bor ane
mn

Ti me . S . Resi st ance , .
<5 0 éiﬁﬁééhiiamlne ifrapﬁ and 15.2 g/f]sqggugeeydroxlde.17Tbg 45
m n 2pQltion, at room tempfrseure, was usk8 % a contfoln tb Meduceb0

9/l 5 o ¥ REEormed e %1 1 '
respect to 1hI(>apearrr,1'on(el or gﬁg‘er egﬁc?n% ag%vnet s“feal(&tl%gd coPpein%%e]t%\g}ht he

am ne bor arBEITHAS &St 8RS L8 ohB UHRY ERAFiaR splution FOT 4 (MR C
oxi de on t hiwgkinedisnehas Theednt edactsh tthime was Geppededet alhe bk dht

addi tional ' ' i §1.LN ed into . uf i on. unpti on
of the am neéﬁéﬁn%sgsg%rﬂ.i%nheéggg %‘%rchicﬂé cor%g&trfgt %Hﬁ gﬁét%lemeco%})aggr) n%%(el de
panel s becXf1lGant gopkdpa) sugvived a khé hydyedumeobpdroeixieteid raghd he
paneli®n i s shatl waesadicorded. t he reduci ng sol ution, and may be

reoxi di zed or | yvze . the dral ysis_of the.am he horanes.
Ther ef or e, themzjt‘u}r{ni_?\“%ﬁ%gx‘é TBSrEHAL %?ie]“}/tclboﬁ*s)é’r?fdp?ﬁpafﬁat‘é?lrt’sﬁa%‘fl%ﬁ"
st oi chi onmet®e¥Phmidine borane padelSa? ygflo sasduywe hyfvosb@per Thdslevesn tiHee

panel s. Theexperime?¥eAS Fo¥RutANSHER! tOHMerididel BHHCE Bl AOBMnsWOTd£NS the
usabl e Jnme,of the reduci solution, and ultinately results in

Li.f et ,
hi gher oper%?lqunh °e+cl5ls EoF3Pe; AR %r’é%‘g"g"sl.n%@gent' and| foutang, ng
appl ilcat i orstivhigmesaic eauémabent compatiigdlosses tBES taddiaitorontained

reduction sirahi li zeigyit OMABI PEGucing LM ASH CAYRLNGa50] Sty ONS ARG d
am ne borang 4 N en atr)lout 11‘fa 9_2%%?alm ng%%o%?ane

iy e FRARG Sout brgg’e dwelf
consunpt i ol dPSET Ve g SPRUESRN A%t d FRnUEehd¥eLhi F19Rr s ThS,i t abl e
reduction SB}ltlaé:tm ltimer wadi setosdsl i n Thiee peccpehdveiglapplosatdforchencl ude
t gl 0- cont aigiie (cdakIayNEhar the COHRPAUNRAS +34C Q‘egﬁlf:g'he%gfting survived
"9 20 a 10 % by volume hydrochloric acid bath were recorded. '
Both DMAB and morpholine borane were obtained from Aldrich
Chemical Company, Milwaukee, Wisconsin. Sodium hydroxide was

obtained from Hill Brothers Chemical Company, Orange,

California.

25 The results, presented in Table 1, below, indicate that
morpholine borane effectively reduces copper oxide to metallic
copper.

TABLE 1
Reducing Initiation % Weight Acid

30 Agent Time Loss Resistance
Dimethylamine
Borane 26.4 sec 19.72 % 51.3 min
Morpholine
Borane 14.3 sec 19.77 % 54.5 min



triazole-containing (Cerr]JHerr]Nerr]) conpounds such as tolytriazole and
benzotri azol e, isoxazole- containing (- err] HNO conpounds such as
3-am no- 5- net hyl i soxazol e, thiazol e-containing (-NCS) conmpounds such

as.-mer capt obguyserisazol e, i m dazol e-containing 5 (- NCN- pcopRRPRidsds such
as benzi m di zol e, and sul f one-cont ai ni ng (-Sg err]H conpounds such
as sul fam c acid. : " As described in the co-pending applicatiof,

t he sel ection of a particul ar sEadipleez and stabilizer concentration

is based omnegnisint agkahtori BELLEH Nehd faeffféétll%hegs weether the 10
reducti on proc SS stagﬁjl | zeda% Q%Pgl ven concentration _of sel ected

stabilizer PP ?Jf’rréﬁ TRh LsBrabRREYathens - The,saturabi9nin | ess
t han about dondtemtstiontel merphbéinetbbtrame in an aopeens| apduatiesudbfi ng
fromtde th t& I qg,lagc r | LSt [
attackén(oneygf Pie%g%grsure o?‘ e in t%%h |satf§1r‘—71 @%%ﬁﬁ%?%%?fh@ 1
metal lic copp® Zly res‘ﬂ-ts\m Pﬁ%?%‘é?%c}rﬂ TaklgcR f Belav. | éadicakdut 30

m nut es), abbat morpl‘io]nlaiel Yorahet hier ah hef fi meive arertihat hganef asel ect ed
stabi li zer conce %%Agrﬁagagbbsfkgm alg$1gt te'ﬁ EA (i__OnSSUITBt I gn of the amine

bor ane aduc ng age &/co- penal ng appTll cation, with
respect to an am ne borane solution consisting of 1.6 g/l
di met hyl am ne borane and 15. 2 g/ TABEEi4im hydr oxi de at 80[err]F, the

abov rite d ntlfyth,e al W|ng referred
st abi (?zersg&gj__gh&ggf 0% ozr_lf ﬂ‘gélgg ?Il}at i ons ‘Jerﬁ&’ urggsE g % 1 ppm- 13
ppm; tolytrrazolre abou £1.0 ppm ;

3-am no-5- o g/1nethyli soxazol>e4(gbﬂut 100 ppr@ % mer captgbggaot hi azol e
(about 11§/Pppm); benzi m dasel se¢about 10 pprg; and ssl haAi c acid
(about 2519/4/1). The co- pendi agcappl i cat ixn %al so di sol mérs t hat

i ncr ebses i RO r@dlci ng agent conc@&ngeat i on and 20erper at ur B0Ocman 30

i ncrease the upper limts of effective stabili zer concentrations.

The present inv I@rh di SCOoy. rted hat c er oxi d reduction by
nor phol i ne bor an ri"ebgé’e PaFf§ §‘f‘%\% %’l?d‘%&educmga%g?’at?ed’u"cels

consunpt i onkeewmothEtoltihee almn&nborihes nmrp:tno‘luener.oebe cohsumed ewshicd fion
process, St&bl'éiaﬂqé))bdﬁl‘l‘éubﬁidéén'ﬂhé'ﬁ’ér?éis has beBnd régﬁ‘ﬁggapée tinme
and the nEtS%ééc §ﬁ$P%U layekoreagltloﬁgl cuprggwgglde is 1ntréé§£LéQEUCtlon
process 1Is Ig-"o

20 the solution. Consumptlon of the amine boranes continues after
reduction of the copper oxide panels because, it is theorized,
.the reduced copper oxide from the panels is still present in
the reducing solution, and may be reoxidized or may catalyze
the hydrolysis of the amine boranes. Therefore, the amine

25 boranes are consumed in greater than the stoichiometric amount
necessary to reduce the copper oxide on the panels. The
excessive consumption of the reducing agent shortens the usable
lifetime of the reducing solution, and ultimately results in
higher operating costs for the process.

30 In a co-pending application, the present inventor
discloses that addition of reduction stabilizers to amine
borane reducing solutions decreased amine borane consumption to
between about 11% to 92% of amine borane consumption cbserved
in the absence of guch stabilizers. Suitable reduction

35 stabilizers disclosed in the co-pending application include
thio-containing (-C(=S)NH,) compounds such as thiourea,
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attack. For exanple, the present inventor discovered that a reduci ng
solution consisting of 2.7 g/l norpholine borane and 15.2 g/l sodium
hydroxi de at 80[err]F could be stabilized by the addi ti on of thiourea

i n.-a concent kad bgpdqdan t he range of about 5 2.5 ppmto abegysdpsrpm
The present inventor also discovered that, as was the case in his

co- pendi ng application, reducing agent concent ration and t enper at Ur e
have an effeciamlemmaﬁerﬁirmvdcgmbm$mdmmg angh as tolptriditole and

tabilizer [} n, C t
RIS oAl v TN G oM

t enper at ur e PBARABVULS e125 é???h'contalﬁ%@geés§§sthe upper
limt of theowpbends vmdomsemmpnnbeaﬂgehlazole ofintida@ul eacsholihiger
from apout 15 t ng_t:h hol.i ne_bor
concentrati ZnNtégml 68 B@H{dszgu%@nks b%nznhgcgfc?l ,%n?in%}’lggsgg ?%nganpg:lér?
limt of th i@cﬁ%°unds suehcantFukfiagic asdd-of thiourea stabilizer to

about 160 ppm aas descrﬁodﬂ)rlﬁh(thbneobpéﬁ@fhgl(Hﬁﬁﬂfcra%hbﬁn ehelBeBe8tionif

t he tg aedtolO limt of the
effective cogggn’?% }%%far ang e ot €RF ofl %é ké’!#ﬁefercopggpéﬁ?ééoﬁols to
about 200 ppafed on several faCtO@éneﬁ-atlmﬂmdlhaastﬂ.dDWIBstlwgeﬂlejolthqers
| n order tOré&ﬁ&ti&@ W@Eé @tab&i@héﬁzﬁf,atgﬁr&{ %%%@Entratlohngfnt or

created red ng, S si_m.| ar, actual copper
oxi de reduc?%ﬁgtﬁ?gc%% n"‘l:"rfz é‘(?u&flﬁ lgtb?%tvl”o%%mz@ reaﬁ@?@b?ﬁeﬁlfﬂﬁl soned
wi th copper (Bxeﬁ@ral@bcmélm thgnaabaut uhlminutes)Goppethexi thermeetialln

process, COpPBpeXifer qr@aal%lhg €P8m the tﬁ@%mli%ut keauééi the
reduced copg{ﬂ%%)anel s are re The renal ni ng per oxi de

consunes fu SRk e %° acid atfRGh o %&eﬁflggﬁé*éﬁﬁtﬁ“ﬁﬁsﬁlﬁe ovkral |
consubpt i onsethreesibstapd) is waxgeherl bhegrmettll iich@oppke Iapechcametric

amount nece§§@ﬁyt$ﬁ& ac1d adﬂa@%CEbQHaef1é§HH“Hbd§Q ® APnhPEs ag&ﬁ& Thus,
t he consurrp%t ent gramo 4] and t he

ci n
consunpti on allyoqueetdiff r'fg‘ F pePR ‘E)Waéﬁﬂndoﬁesﬁg?%ﬁﬁin%%ﬁbllw
concentrat i artwillheressdud g agdatreasednangumpaliby 66t eh8i &8ihdSorane
initially apdagéi gfer{purs via iodonetric titration. The

e negative effects the gﬂeentlal stabilizer coul d have on the

possi A
coppé oxi de red{f&trr}tﬁ ciﬂ' ARP lication, with respect to an amine
-10- borane solution consisting of 1.6 g/1 dimethylamine borane and

15.2 g/1 sodium hydroxide at 80°F, the above criteria were used
to identify the following preferred stabilizers and effective
concentrations: thiourea (about 1 ppm - 13 ppm); tolytriazole

25 (about 0.50 ppm); benzotriazole (about 1.0 ppm); 3-amino-5-
methylisoxazole (about 100 ppm); mercaptobenzothiazole (about
10 ppm); benzimidazole (about 10 ppm); and sulfamic acid (about
10 g/l). The co-pending application also discloses that
increases in reducing agent concentration and temperature can

30 increase the upper limits of effective stabilizer
concentrations.

The present inventor discovered that copper oxide
reduction by morpholine borane can be similarly stabilized so
as to reduce consumption of morpholine borane. The morpholine

35 borane reduction process, stabilized by thiourea, is initiated
in a reasonable time and the metallic copper layer resulting
from the stabilized reduction process is resistant to acid
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determ ned by processing a copper oxide panel through the reduci ng
sol ution containing a given potential stabilizer. As descri bed above,
there were several paraneters exam ned to determ ne the effectiveness
of ..such st abiyh sHghaszeducing 5 processes; reduction procegg/dsdidsss i on
tinme, acid resistance of the nmetallized copper surfaces resulting
fromthe stabilized reduction, and wei ght | oss of the copper oxid&
coating afteéttack. Feduexawple, the presentnitvetton dismoveredhe hisitma

required forreeRRASY gzsndeléﬂ cond £4UGld ¥ bo7b§91';or mﬁﬁ\k‘@ﬁ&é‘%ofﬁ%cg

reaction beglsnsz %{ n bupbl s rapi dl cont1 nue un t he
reaction | §/¢oRpht Fiwiak £9¢ &'BE ldebersiakid ined M’eﬂ'@ieng t he
resul ting n@tdai:lﬂmdofophéou:seafmea icommenachdibat in e atdrge of abotepper

survives | ongey RoCOBREEL ﬁg@f in an acid bath. 15 Thus, the
effectiveness o given sta ed reduction process I n produci ng

the desired net aITIhFcPESﬁﬁﬁF %%Y?I&'c@ ajee discovgredrihated a8y wessitheaseset o
a?}d attack.in his co-peniénghdppDixsatifon,heetiasing f?%ﬁﬂ éﬂﬁﬂéﬂ*%&%&ghnﬁﬁdthe
ef fectivene e ces Per0xide | oses .

when it is i‘%‘“ﬁ% ca:aﬁr[a Hgﬁ e%[’]t%ffgeocg:per %‘% By*ve concrﬁéést 1r‘?§‘ %é‘ge
wei ght | oss o esﬁahéhze%’he Reymsixamples s iof a reducxrmlmhttnonas

det er moned. cbnsdwtwhiggBE éBGﬁtlmd7Q9ﬁﬁ%m&Qﬁblihé boraneQQQPQB yirdecksuRot

fully bel N9 o 3%4 gc?.g%ealc?ggg%%%xtelpe é%&eelraiégre from a‘xabonat 80% %oov:\lnzr(l)gFan

oxi de | ayer
Exanpl e 3 1increases trbetlenpex hbl@fﬁ@cft toe efitepoientecaicantthatiion range

stabilizer of thlbbkew@@abﬂhﬁéw% eduE Elgdﬁgrh%d%;b %Bﬂ{ ed using
2.7 gr@%% ReL {;g %'{1%? il ne_borane an 5

hydr oxi de. 4 %ngb g R mr@ﬁecﬁﬁﬂf’%%'?r%‘rﬁiaﬁ? 1§03 g/L, at

M | wadRee, WeouSN8PAF, Hodiemsdy drimexingppewadinbt abfechd raffidditilve

Br ot hers Ch%ﬁh@éthQﬂP@ﬂYraﬁ}@nﬂ?tki%h&%grghﬁbli- r%ﬁl%md%% 160 taEoom
t enper atur e, was An eri nen ngn

the contro
sol ution was pP§B§P$ﬁnﬁyb%’6?ﬁ$g°°Z‘q§n§§ﬁ1téPn of lst*?nf{/l}r'e& &b& sol ution
i denti cal i Fegpepatireobstineteasewhtticoll285F, thel ubpen. 1mﬁ®:t bft hheCOﬂt rol

and the expesir@eetab sGhedhORs MG Sange ofpehﬁ&ri'ﬁga V&éarbbi r%# sgspper
oxi de,, ,The oncgntratlon of nmor phol 1 ne borane 1n ot h FoRe
anal y28d befSr 8°PHE 200 ppm. - 11-

General Procedures for Testing Stabilizers

In order to test the potential stabilizer, the present
inventor created reducing solutions similar to those used in an
actual copper oxide reduction process. The reducing solutions

25 were then poisoned with copper oxide, because during an actual
copper oxide reduction process, copper oxide remains in the
reducing solution after the reduced copper panels are removed.
The remaining copper oxide consumes further amounts of the
reducing agent, resulting in overall consumption of reducing

30 agent in greater than the stoichiometric amount necessary for
reduction of copper oxide on the panels. Thus, the consumption
of reducing agent per gram of copper oxide and the consumption
of reducing agent per time could be determined. The
concentration of the reducing agent was analytically determined

35 initially and after 24 hours, via iodometric titration.

The possible negative effects the potential stabilizer
could have on the copper oxide reduction process'were

-10-



copper oxide was added, and 24 hours after the copper oxide was
added. The results are provided in Table 3.

TABLE 3 Mor phol i ne Initial St oi chi o. Consunpti on
5 .- Borane wgoogsa Concent. Consunp. of of Mor ppelriuser3azs
Sol ution Mor phol i ne Mor phol i ne Bor ane Over o
Bor ane ~ Borane to " 24 Hours '

Reduce Al|l determined by processingCeppeppefxoxide jfanel @hrbugh the

2.70 g/'L redu@iﬁglgogééion coﬁ%akﬁiﬁggéLgiven pé%gﬁyfaﬁggkibilé§eg:7OA%/L
0.0317 g/L Q %84 $4L . anpl e

The effect i F§SSFABPRI 20T thETSe V6K et AEVEYRh Parameters eFARRBERANEChor ane
was tested Betermbhetthe effeéttivphlestSof stohpSdl e Ao &l&alualidglg. Zhg/ L
sodi unghydr Qx| L d a i nter Sesdld L hE
ol Ut 5n' s SerTEpstrl HEARIRh procesd (HEL e SIS BEHR FepdBahl

det er ni ned. °fhthRenstrtlfized conper,furénsescresiHiinmifirom theestpbitined
wei ght | ossredacdion, and egdisfltNQossabl EROSEIPHO AR cdAthay sfcdbe
results arer%gue%%gﬁgsented in Table 4.

TABLE 4 cent. of Initiation % Wi ght Acid Consunp.
of Thi our ednitiatippetime is the| pime requiiketifsacopperMorphel i ne

Bor aneoOver x328uction to begirzz.5 When the red%%F%?n reacﬁign begins, 1 7823/L
Hour s m S£C 0. m .

5 ppm hygrggege%ubbles ra3ﬁ§i¥)form aaﬁ ¢PpLinue uq§;}5t8FLreactlo&0 ppm
30 sec is comgpigte. Agl gegistanceowasg de¢termined by pmmersing thd0 sec
16 % 22slBing metd el leopPer s3PFREE in an aci®OLatch. Meﬁg%l%% Zb
<1 mn

lts indigate t
>.7 611 mor SRBPBRCBuEvIveR, ongen, thap RoPERI D6 P i o SadeBatH o
concehbrati dhugp the effectianesssofpa) gaven gottabiddmpedr reddaectbnnpracese
achi eved. AlaOproducifyidedtaddidat heraboye 6%5§%#f%déﬁadkac%ﬁéhat the nore
thi ourea 35 added.to t he IedUCIn% sol uti1on, e | ess morphol i ne borane
i s Coﬁsﬁﬁgﬂ}ned by resistance to acid attack. -12-
Weight loss of the tested panel also determines the
effectiveness of the reduction process. Copper oxide loses
20 weight when it is chemically reduced to copper metal. By
measuring the weight loss of the panels, the completeness of
reduction was determined. A low weight loss indicates that the
copper oxide is not fully being reduced. Copper oxide panels
were made by growing an oxide layer on a metallic copper panel.
25 Example 3
To test the effect of the potential reducing stabilizer
thiourea, an aqueous reducing solution was prepared using 2.7
grams per liter morpholine borane and 15.2 g/L sodium
hydroxide. DMAB was obtained from Aldrich Chemical Company,
30 Milwaukee, Wisconsin. Sodium hydroxide was obtained from Hill
Brothers Chemical Company, Orange, California. That solution,
at room temperature, was used as the control solution. An
experimental solution was prepared by adding 2.5 ppm of
thiourea to a solution identical in composition to the control
35 solution. Both the control and the experimental solutions were
poisoned with 0.075 g/L of copper oxide. The concentration of
morpholine borane in both solutions was analyzed before the
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Exampl e 5 In this exanple, the concentrations of both

nor phol i ne borane and thiourea were varied. Reducing solutions of (1)

8.4 g/L MB, 15.2 g/L sodium hydroxide, and (2) 16.8 g/L M3, 1.2 g/L

5 .- sodi um Qb ﬁ; sde were nade. Thiourea was added over tpergisiasas of

t he reduci ng bat and the reduction of copper oxide panels was

determ ned. The neasured paranmeters were initiation tine, percent ™

wei ght | osscopper aexile omisstagided, ahd Réshduis aficer the poppent edide Wadl e

5 10 added. The results are progfﬁggzﬁh Table gqncent Thi our ea

Initiation % Wi ght Aci d Concent . Ti me

Loss Resi st ance 8.4 g/L TABhEhbn1 10 sec 21. 3%

204”‘? gﬁgﬁﬁoﬂiﬁe %g T ia1 %8 Soe tOlChlqj. 7% Cons ugt o 55 30
.4 9lg xr cent ¢onsump. (%fﬂ r%ho e

ppm 15g8¢Gtion 16. 54’Morphol§ﬁe %ﬁ% /'L Bor ePOYEr 15

sec 18.3% 45 M Borane - glzirane pPPM 24 HBuSEC

16. 1% 50 mn 8.4 g/L 0 Béddce A1125 sec 15. 8%

45 mn 20 8.4 all 70 _ppm 25 G&sper Oxille 7% <1 nmn

16.8 g/L 0 ppm 5 sec 22. 8% 50 mn 16.8 g/L

25 pp Cogtxat 17.269%0 g/L 50 ni%h.0317 g/16.8 g/ L.17450g95bm

10 sec Expgriwgntal 502679 9/L  16. 0 fA17 9/5 ppm 0.27840g9ékc

19. 7% 50 mn 25 16.8 g/L 100 ppm 10 sec 18. 3%

45 mn 16.8 g/L 120 ppm Esample 4 17. 5% 45 mn

16.8 g/L 140 ppm The:gifgggive staﬁ%%%ﬁgtlon réﬁ%f 3 t?tour%gogoglL

160 ppm 15 sec ppm
15 sec moxghgline borane mas tegped to a sofjgden é’§u?t§ gAHi cat e t hat

_thi out®a magobphobik dsovane and 35abi §j/Tesodium Hydrkekenethosansa rpskici Ng
solution at added €% G eIt EANGR A% AL UB MAUSE LRED LY PRE L0l o2

to 160 € trends evl Fomt heSe rast
pr obabl e thSPPP%Hu%’FHbe 4 staded 1 éFYnﬁﬁa%diﬁPwﬂbcﬂeéne Rhei mgassred
concentr at i pasageeat €rwddaini®i8tgbh dMEndR)pditdddt wedghbi DHESA acid as a

?Eg?ilizer f&sf&%ﬁﬁ%ﬁfEEA&”E%&%&%%E?Bnt ag515¥)ﬂgﬂ¥s. The results are

20 presented in Table 4.
TABLE 4
Concent. of Initiation % Weight Acid Consump. of
Thiourea Time Loss Resistance Morpholine
Borane Over
25 24 Hours
0 ppm 25 sec 20 % 40 min 1.78 g/L
5 ppm 30 sec 20 % 40 min 0.25 g/L
10 ppm 30 sec 18 % 45 min 0.19 g/L
15 ppm 40 sec 16 % 35 min 0.14 g/L
30 20 ppm 60 sec 9 % < 1 min 0.11 g/L

The above results indicate that in a 2.7 g/L morpholine
borane solution, thiourea can be added to a concentration up to
about 15 ppm, and good copper reduction can be achieved. Also
evident from the above data is the fact that the more thiourea

35 added to the reducing solution, the less morpholine borane is
consumed.
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t hi our ea. Exanpl e 6 As seen in

Exanple 5, Table 5, the effective concentration range of stabilizer
in the reducing solution is dependent on 5 the concentration of _
reduci ng ageRryo oo/biedd f fective concentration range of pgiyAfRbdisdmy i N
t he reducing SO?gtIOI’l S al so dependent on the tenperature of the
reduci ng sol ution. " To illustrate the effects of t enper at ure”on
a nor phol i ne borane reduci ng solExampdewst h t hi ourea as a stabilizer,
10 reducing s@hUth98SeLimsid] e m@a&a&ﬁ&% to £ %fo'ﬁﬂa

and thi oureg) concentratj ons were nade gnd the a

copper oxi d®VARE &ngt thHiPVERR “("err‘Fpé’raétll?fies ﬁ%ii‘éc%%t%‘ﬁlu‘:lons ot (1) p8-4
aqueous sol @/iloMBof 12.2 g/ansodiaum |Hydeoxdidept Aydaninels.s g/Ibemane,. 218/2

9/ L sodi um Ryl ﬂ?draﬂgdgowgpénrﬁéﬁ[ ur %1\A’ﬁ§e; was 2 Jsles veq‘e 32 szg.dgn S

ability to reduce copper oxid rmned ror Severa
t enper at ur et Hhe FSQHF%Ega]P%tIP‘FstW |t|he reduc%@lleo% ORRy oxide panels

TABLE 6 wasMdepbemined. Thé cmrmmedTeaaeﬁ.eters were uﬁttllatmnAehﬂeZO
Boraﬂe Pefgggﬁeuelghtaigég and QQSdg s:.s{:ancer €$hﬁ]results frencen_

tration o/ L
20 ppm pygEentpR in Tabbe (P 60 sec < 1 min 2.7 g/L 20
ppm 10 100[err]F 15 6 45 sec 3apiEns25 2.7 g/L I 20 p]E)m8 .
120[err]F ng 40 aqueous sql ution o
grans per l'ﬁfe'i]?d% rpho'l‘E-'bl[l‘l1 :;Ea Ig%'rr?: ﬁéloﬁ% 0% ilgr&’b I um &C(z’gl de and 70
ppm t hi ourea—m T The Lt"l'U'l'r'-s bi—%y—r éi%é@—@&&ﬁer oxi de
panel s was gt er m geghmt sevar@lgelenperagyrps. The r@x{% S are listed
in 30 TabI e 7 | ow.
Morphol ine o TR/ Gurea®® BRfper- 10 #8C | nilaffon Aci®P min Borane
Conce@5 at8U|4e9/L Wi ghtppi ne 15 sec Resi s20.9% ConG@ntiat i on
tration .4 g/t L0356 ppm 15 sec tance163§%/l_ 8. 45‘3/':-%1 70 ppm
80[err]F 5. <1 mn
100[err]F Ja 18 ?/L E@e@m 185 8fn 1883ﬂ g/L 45 m1n70 ppm
120[err]F 819 §/L 205@qnpm 240 seicn 16.1% 50 min
8.4 g/L 60 ppm 25 sec 15.8% 45 min
20 8.4 g/L 70 ppm 25 gec 15.7% < 1 min
16.8 g/L 0 ppm 5 sec 22.8% 50 min
16.8 g/L 25 ppm 5 sec 17.6% 50 min
16.8 g/L 50 ppm 10 sec 16.1% 50 min
16.8 g/L 75 ppm 10 sec 19.7% 50 min
25 16.8 g/L 100 ppm 10 sec 18.3% 45 min
16.8 g/L 120 ppm 15 sec 17.5% 45 min
16.8 g/L 140 ppm 15 sec 17.1% , 50 min
16.8 g/L 160 ppm 15 sec 16.8% 50 min
16.8 g/L 180 ppm 15 sec 16.4% < 1 min
30 These results indicate that thiourea may be used as a

stabilizer in a morpholine borane reducing solution at
concentrations ranging from greater than 0 ppm thiourea to 160
ppm. Based on the trends evident from these results, it is
probable that reducing solutions of morpholine borane having

35 concentrations greater than 16.8 g/L MB may still use thiourea
as a stabilizer at concentrations greater than 160 ppm
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-14- . An aqueous solution of 16.8 granms per liter

nor phol i ne borane, 15.2 g/L sodi um hydroxi de and 200 ppm t hi ourea wa
made. The solutions ability to reduce copper oxide panels was :
det-erm ned aty§ey@apl tenperatures. The results are |isted ipgragernzaiabl e 8

bel ow. TABLE 8 Mor phol i ne
Thiourea  Tenper- Initiation Acid Bor ane Concefi-
ature VeitdHourgane Resi s- Concentration tration

Loss tance 10 16. 8 Ghdample 6 200 ppm 80[err]F

15.1 20 sec <1 m 6. L 2 m 100[err] F
170 15 sec As seedgip bxample 6%89’&?9' the e%&%ﬁ’rﬁ C°“f?%‘F§PL]1Pn
18.8 15 &ange pf_stabihizer ;n the reducihe sohmmiuniﬂquﬁdpmndahSOOn
di scovered amheAddnbkABRhtion of'fHHﬂ@fﬂgeggghe.thfhéegkféfﬁyﬁeprocess whi ch

can be realized 13% 15, usi ng rm@ph |.Cne~bor ane I nstea al_kane bor anes.
Mor phol i ne Sonceniypbion range | ofs FERRIR 1R o bR cBR HERALGHSI% solatiernt §Saf t er
t he r edwoi dgpbatibntiasn beten teamieiratare| yE peloe essdrt iayl sodpitébnshed
than a compar abl @oDYRBuEEALEL ehe ULHIAR SEAPLIBEEA WY hn & morbRb3YhE®

S I shed. I'S

whi ch has been continuo y processed and rep

i npr ovenent ROFANSe rELPF ARG RP Bt oM Mifbn§hinurea as a @hskiligeghe DMAB and
mor phabi ne hekmedngedolut DonHrOF efivfdlar morphdl né | Bs@ine dohdeMiBations

ducti , ' I,ni 1.5 g/ B d,15.2 g/ L NaOH
et o, S LLIELANIR pece vlog E PAIRANGC Lo s ol Raor
reduci ng batiPPPEFecZide pamgpberatoMagdous renperatumes iwend reesinegldani ne

borane. In the an ag;é@@ﬁté@lhtitdiﬁc@b@ﬁ gkamk i pedt e VAR i oy dindgd and
e
é

t he copper borane.(,)XEL lt. is.Qheli evg:dzé hat the di mef hyl am ne

I S /%eglg ed. |
functional graapersiPeftIaR P Hydzanige, an pPm fFlaoursa. yps
conceibrat | §Rdsf DVAB sebetien’ s ehidiity toppedud®d coppeti decigenghsels ad
g/L DVAB. THeteehoh8d 8Or dsdWildl GchpRbbehres. THY ALMIS 38k igst:gﬁ i
g .

repl eni sh t ngd keep a constant concentration of 1.
As repl eni shq'eﬁg?f\amgoﬁ??ﬂ‘ﬂ%, t he di net hyl ani ne si de product

accunul ates in the tank. Therefore, TABLE 6onstant concentration of DVAB
is present iMerpR8188EUCI NBhRurea sohlé}nbgg.. 1.6 g/L QYRR but xthe
concenor at i @@rahet he Contke¥et hyl aupe funcyénpal i | SregRkLnuously

I ncr easi ng. Concen- tration Loss Time tance
tration
2.7 g/L 20 ppm 80°F 9.0 60 sec < 1 min
2.7 g/L 20 ppm 100°F 15.6 45 sec 35 min
25 2.7 g/L 20 ppm 120°F 19.8 40 sec 40 min

An aqueous solution of 8.4 grams per liter morpholine
borane, 15.2 g/L sodium hydroxide and 70 ppm thiourea was made.
The solution’s ability to reduce copper oxide panels was
determined at several temperatures. The results are listed in

30 Table 7 below.
TABLE 7
Morpholine Thiourea = Temper- % Initiation Acid
Borane Concen- ature Weight Time Regisg-
Concentration tration Loss —_ _ tance
35 8.4 g/L 70 ppm 80°F 15.7 25 sec < 1 min
8.4 g/L 70 ppm 100°F 18.1 25 sec 35 min
8.4 g/L 70 ppm 120°F 19.3 20 sec 40 min

-14-



The concentration of the dinethylam ne functional group

-15- reaches an equilibriumwhen the anbunt of the

di et hyl am ne functional group being forned is equivalent to the
ampunt of wo 99fge4Eet hyl ami ne being dragged out of the redugs¢fgssakassi on on
t he panels It is a rough estimate that 10 - 15 nL of reducing 5
sol uti on per square foot of panel is dragged out of the reducing

sol ution tank.) An agueous sdiertgfor ©f abt 8rgeamerpend ldfterepoephshirat , t he
| gle f 4 t
process borahay! g5 2 N@hd, Ve h%ﬁ!‘bgcﬁ.ﬁé' é&‘i&"!dc? &f;ﬁls Q?ﬁ%u%ga R&s S/ L DVAB,

dlrrethylamnefunct nal roO&_P EN ere shou
15.2 g/'L NafAdeandT ?o%%:b‘&/l g f¥ EBntefiFatGper oxidgy Péflﬁeﬁh‘y?%m ne
functional detepmihedd ptoskwdralanemperbabkysa The resuiltisaBbreCQREESEN BHI ON

of a bgron aphai Bi §gy§,de product resulting fromthe reduction
process. This nore accurately resents the reducing bath as it wll
be run in the process. 15 In s ABBEY8 there are two main states of

the bath, imokphbline anthiueayil rempem They par aneiieristebn% neight
| oss, aci d Boraner esi St ancBondeti i at agnrei ne, WeidisunTiimen over 1REsis-

t ur nover, amt_rértmurmm;nyer_&haursm_te&ﬁﬂ_lhﬂ baahces

|n|t|aIIy made up of 1.6 g/L DMAB and 15.2 g/L NaOH To mmc 20
equi | tBri umtéwhi §HLi s reach@RP iBPMppr oRPREL el Y120 day £0 @@Sper < 1 myxjde
is added to g tial bat 86’%cre%§§ Ehe 17-0 corce®EFat i on % BVAB i n
hal f over 24°A8uPS: This i 2 Lo hued unt§18 t he €% s repfBnPEhed

20 tinmes. The sumtotal of the 20 replenishnments of 1/2 the initial
concentration ha@heesfeaém 1RSIt 0181 EES RG] Sn a@&:.'t'ibhh bath is
ci

desi gnated " vers, " After 10 turnovers, n

sol ution no&f"ﬁﬁ?"ement t?%u%fﬁ sdpctdor PEPFERS a“r(]n‘&ﬁ?i o Eﬁenﬁf*ﬁ P-Eﬁgnl'e‘ym de
produébs usingogetrbbolimea Hodraeleg/llnsDMAB aficalkeriz gidraiesd. Mokphbbinhet hi s
does not preeh-aakysPhBlifi A a,ﬁteralth%eeeassw&&%&% 'é&a%&ﬁﬁzyhaf%ﬁevel

pr ocess, DI\/AB I s,conti ousl | eni mai nt al n
constant at TEIHCIRg hagihee I‘F@ntlnuouﬁﬁﬁc%?ﬂcreﬁﬁ%a&fi dPReERYPRRE ne
si de pr oduclthancaeaemlsatwo];é]@MAB redecingi Bolutd armatrabiliized whehcontrol I er

d oes not | eTthﬁéL’&le which hdd %M%oﬁ'ﬁ:gﬁﬁgﬁf i}‘? aé?oé&gs%r ap &Sgiéﬂﬂgﬂé

g above scenario IS SIm I ne bor ane
The i APt al conc@ﬁ%?a%’%‘?f"ﬁﬁm% 38 PReekBEAHRR] V) e?‘aQFEuIVB and  and 15.2
g/ L NaOH. Sicdeppriddgcthé ammerl chd imogphbiine dbistdron rafduction processes

more closely. In DMAB reduction, a reducing bath containing
1.5 g/L DMAB and 15.2 g/L NaOH is initially made. Copper oxide
panels are then processed through the reducing bath. The
25 copper oxide is reduced by the dimethylamine borane. In the
reaction, the boron atom in the DMAR is oxidized and the copper
oxide is reduced. It is believed that the dimethylamine
functional group is left as a side product.
The typical concentration of DMAB used for reducing copper
30 oxide panels is 1.6 g/L DMAB. Therefore, an automatic control
system is set up to replenish the DMAB and keep a constant
concentration of 1.6 g/L DMAB. As replenishment continues, the
dimethylamine side product accumulates in the tank. Therefore,
a2 constant concentration of DMAB is present in the reducing
35 solution, 1.6 g/L DMAB, but the concentration of the
dimethylamine functional group is continuously increasing.
The concentration of the dimethylamine functional group

-15-



-16-, copper oxide is probably the norpholine conplex. As

1t he nor phol i ne borane is repl eni shed during the reduction process,

t he norphol i ne borane remains at a constant concentration of 2.7 g/L
MB,- but the gay $ation of the suspected side 5 pr oduclpcthiR®r13423

nor phol i ne conpl ex, continues to increase until the bath reaches )
equilibriumw th respect to the norpholine conpl ex. Testing for the
sane par anetrgeshgs mseqbiabibnbbve when thei ahourtpelttie diwed hydandarse

initially arﬂuﬁfttl%haio Toup bé %m&tsseeﬁ:L@I&fiPlﬂcpet ra%{%%.ntAEfabove
hal f of the 10 ng bo s consuned and added ha again
t he LS# H‘Xﬂoﬁgnf’h e g r‘i}rﬁﬂ QRvEnCE bhe 17edyeing @alufion on the
concentrat i grangds .dedilgnasea Adughirebisate theti Dot+ als il ivaeducing

desi onat ed ZRN%ULNBYE" Square foot of HIRANIUCAPLRGUPIAN oS4 Ded t he

process W th ou ilizer our ea en thi ourea
is used to T® uc%aEPFPEéo’[‘h"eaIF]’educt ion, the stabilizer is added back with
t he DVAB ofThielre fo®e phat tee &)(ye’d:rifbd depesaplegi shimestd ,C t Hee relcegs

agent 1S USGhouTaf f QTR ebet{k? aeio A %“ o tgfréhl : rourez‘%O

initially 2.5 ppm concen starts
at 2.5 ppm meutmléaseg #\M%twm (e sWhahtl@ftlth should be 1.6

nor phaloi ne kpAmMAB3S15he §ASNAGY, hfd '#i-bbhb@ﬁ%'d:&iéﬂ&ﬁt‘ Soncentrheashed.

Th | t d Tabl e trate t exc fits of
us?nge:/lé a: ‘%{)pd‘?%%% %E%IW\% £%%tff°§}a§183 qro?pnalé 2%r°éu%\m§f+dea’68?’ﬁ8§
sol uti on wi tdenstapyr eancenerabitumi isodrosvar céntaining heides pgrodacer  t han

doubl es aftecresuittm@nﬂ%sm&om&(i&rpptrts%ess Thid tﬁ&ﬂefé&%% %9“ over
24 hours at .zero turno o row 2,. and row to row

3). In cont FESFCSRRER \é§ 5égu£q)ng ﬁiﬁtﬁ‘n&sl rE Bbjri:ln'%e Ui 6 BFOCRPBur ea,
the céf®sunption dnesuBdary, 2zhémriraxrealdes matindstudtes dfutthenbathnciedsdsl by

20 - 30% of drde at e%ulmbﬁiml O WHta@R e QK € £ 24 Mgr& Alogkl’ Akl Novers

r t 5, and'row 12 to row 6
(conpare res1§%ance, gnitzgtlon é%me, consumptggn ver 1/2 turnover, and

consumption over 24 hours were tested. The bath is initially
made up of 1.6 g/L DMAB and 15.2 g/L NaOH. To mimic

20 equilibrium, which is reached in approximately 20 days, copper
oxide is added to the initial bath to decrease the
concentration of DMAB in half over 24 hours. This is continued
until the DMAB is replenished 20 times. The sum total of the
20 replenishments of 1/2 the initial concentration has been

25 designated "10 turnovers," an initial bath is designated "zero
turnovers." After 10 turnovers, the reducing solution now has
roughly an equilibrium amount of dimethylamine side products
together with 1.6 g/Ls DMAB and 15.2 g/L NaOH. Note that this
does not precisely mimic an actual process, because in an

30 actual process, DMAB is continuously replenished to maintain
the DMAB level constant at 1.6 g/L DMAB, while the
concentration of dimethylamine side product increases to the
equilibrium amount, i.e. the controller does not let half of
the DMAB present react before replenishment is made.

35 The above scenario is similar for morpholine borane, MB.
The initial concentration of morpholine borane is 2.7 g/L MB
and 15.2 g/L NaOH. Side product formed during the reduction of

-16-



-17- TABLE 9 10
_Turnover (TO Results: DMAB and Morpholine Borane (with and W t hout
Thi our ea) Initial DVAB concentration: 1.6 g/L 5 Initial

Mar phol i ne sgpncentration: 2.7 g/L At Zer o Turgaveso?13423
Reducti on Bwé % 5 Init. Acid Consum over sol ution_
Loss ~ Tine Resi st . 24 hrs.* (% conp.

consum 24 ¢oppor kixide is prfbably the moxpeBine comple®n. 8%s 28 3 sec
50.1 M N porphchdnk borane Qsorﬂﬁf%Pished during the reduction process,

(42. 3% i gurea 15 - Row 2. DIVAG 21 3% 307 'sec
50.0 mn the morp ine ora§§5r?mﬁ&ns at a constant concentration o

(8.06% 2.7 g MB,edut the comcentriflion diVilBe suspecte@(sD¥ 38.1 sec

48.4 g n 6]t g. 9 PGy : : :
dﬁ%F, h hol lex, t s t til
pro I our éaamorp _ngzow.% e:.c conl\/tl)PBﬁol | %elncﬁ%a.‘%%ﬂ)u? 118. 2 sec
37.6 mn the bath xreaghes ggpihibrium with respect to the morpholine

(43. 8% complkx®). pM8sting fofhtheresme parametBow &8s was doddrgimte ne

23.2% 20.0. s€ec 8 1N o
(10. 6% i85 %‘?%’p?m"]t € omap B’ﬁ?e§°‘?g fitheigld9 808 afeer 20 L 50 6o
26.1 sec J4zeglepichments ofympypholine borane. As above, halr of the

10 morpholine borane was consumed and added back, and again the
" sum total of the 20 replenishments of 1/2 the initial
concentration was designated 10 turnovers; the initial bath was
designated zero turnovers.
The above discussion described the process without

15 addition of the stabilizer thiourea. When thiourea is used to
stabilize the reduction, the stabilizer is added back with the
DMAB or the morpholine borane, depending on which reducing
agent is used. For example, the concentration of thiourea is
initially 2.5 ppm, then the actual concentration of thiourea

20 starts at 2.5 ppm and increases with each replenishment of DMAB
or morpholine borane, as the case may be, until equilibrium is
reached.

The results presented in Table 9 illustrate the excellent

benefits of using MB as opposed to DMAB. When stabilizing a

25 DMAB reducing solution with thiourea, the consumption over 24
hours greater than doubles after 10 turnovers, compared to the
initial consumption over 24 hours at zero turnovers (compare
row 8 to row 2, and row 9 to row 3). In contrast, when using
morpholine borane stabilized by thiourea, the consumption over

30 24 hours does not double, but only increases by 20 - 30% of the
original consumption over 24 hours at zero turnovers (compare
row 11 to row 5, and row 12 to row 6).

-17-



35 . Borane _ (7.969% 5.0 ppm
Thi our ea * Consunption over 24 hours is expressed as nol.
reduci ng agent (DMAB or norpholine borane)/ nol. copper oxide
(add 40 wo so/2jsaer notes). At 10 Tur negeiS9713423
Reducti on % W . Init. Acid Consum over solution
Loss Tinme Resi st . 24 hrs.* (% conp.
consum 24 hrs.) 5 Row 7 TBRBB ° 18.6% 36.3 sec 45.6
mn 1407Turnove9 PrPPResults: DMAB and Morphol¥Pe Borape Aw1tﬁ5§né’©
Thiourea 10, DVAB 18. 1%
4 85 ghBBﬁ]T iourea) (19. 6% .
Thi our ea Imt:.Rd)V\DHABSconc@M@:Btion 1.6 §/L1% 46.8 sec 32/()0 m n
3.07 L on: 11.89 _
Thi our ga EIth@QT Moﬁphc’lme I\%)rah Fﬁgceniﬁéﬁ/‘gn' 2?9'.739 éc 40.4 mn
17.1 20 o Turnovers: (66.1% 0.0
ppm % on vggow 1JInJ.t M)nggl i ne ]6%3%%) o:xsrgr7 sec 138'75
m n g 5 Time Resist. 24 hrs.* (% (12.7%
2.5 ppm com |0urea consum. 24 hrs.)
10
Row 1
DMAB 20.8% 29.3 sec 50.1 min 12.1
0.0 ppm (42.3%)
Thiourea
15’ Row 2
DMAR 21.3% 30.7 sec 50.0 min 2.27
2.5 ppm (8.06%)
Thiourea
Row 3
20 DMAB 20.0% 38.1 sec 48.4 min 1.61
5.0 ppm (5.76%)
Thiourea
Row 4
Morpholine 20.6% 18.2 sec 37.6 min 12.4
25 Borane (43.8%)
0.0 ppm
Thiourea
Row 5
Morpholine 23.2% 20.0 sec 48.1 min 2.92
30 Borane (10.6%)
2.5 ppm
Thiourea
Row 6
Morpholine 20.6% 26.1 sec 45.7 wmin 2.17
35 Borane (7.96%)
5.0 ppm
Thiourea
* Consumption over 24 hours is expressed as mol. reducing
agent (DMAB or morpholine borane)/mol. copper oxide (add
40 other notes).
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Row 12 Mor phol i ne 16.2% 33.2 sec 39.3 mn 2.51 30

Bor ane (9.33% 5.0 ppm

Thi our ea * Consunption over 24 hours is expressed as nol.

reduci ng o 9yn245229ent (DVAB or norphol i ne borane/ mol . cepRAjsopisusze (add
35 ot‘Y1 not es) It is to be understood that the
present invention is not " confined to the particular construction and
arrangenent herein illustrated and descri bed, but enbraces such
nodi fi ed fofs-10 Turnpmerasf as comes within the scope of the follow ng

cl ai ns.

CLAI NB gzgﬁgtlonl E@Brrpo Biton forAFéG ﬁl ng %"&gﬁ-%f %éﬁrde | ayer to
netalllcco%sl Nas toPRZilit “éebondllnz 84%Fesin O, LTI tallic
copper g the corzrjp03| tion conprising an aqueous reducihg £y o oIthts

cont ai ni ng nmor phol T ne borane. —2Z. The ¢ aim1l,
wher ei n nor ®/ww i'me bor ane IS present at a concentration in the range
of about 1.®MMA to 18setUr 36 M.sec 45.6 min 3. 14The conposition of
claim 2, wher.d ppwor phol i ne borane 10 IS present at{zs.ox¥centration in
the range ofThdismrea2. 7 g/1 to 16.8 g/l . 4, The
conposition of claim1, further conprising a reduci ng stabilizer in
an a nt Sm@i ent to gg?igaselll.l sec 44.4 win 4.85
2.5 ppm (19.6%)
Thiourea
Row 9
15 DMAR 17.1% 46.8 sec 42.0 min 3.07
5.0 ppm (11.8%)
Thiourea
Row 10
Morpholine 19.5% 29.3 sec 40.4 min 17.1
20 Borane (66.1%)
0.0 ppm
Thiourea
Row 11
Morpholine 18.2% 30.7 sec 38.2 min 3.31
25 Borane (12.7%)
2.5 ppm
Thiourea
Row 12
Morpholine 16.2% 33.2 sec 39.3 min 2.51
30 Borane (9.33%)
5.0 ppm
Thiourea
* Consumption over 24 hours is expressed as mol. reducing
agent (DMAB or morpholine borane/mol. copper oxide (add
35 other notes).

It is to be understood that the present invention is not
confined to the particular construction and arrangement herein
illustrated and described, but embraces such modified forms
thereof as comes within the scope of the following claims.
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consunption of the norpholine borane during reduction to a 15 | evel |ess
.than that consumed in the lmﬂﬁmﬂﬂlmmmﬁm duci ng stabilizer during
the course of a copper oxi process, wherein the
stabilized r‘;gg%i‘gp process i's inifiated i n a reasongBigsebaigs and
the metal lic copper |ayer resulting fromthe stabilized reduction
process is resistant to acid 20 at t ack. 5. The conposition
of claim4, wherein the reducing cz@ams| i zer is thiourea.

6. The conposition of claimb5, wherein thiourea is present at a
concentration |n t he range of about 2.5 ppmto 200 25 Epn1

7. In a nethodtof HORAMMPSESARRr FaRredYeins & SPPREr ox1de 1aper ofd a
copper oxi dretayYEicicopmaticed aisotoefatilitaeppeinding a resihetoethd!ic
copper is b n,the oqpr e he
copper OX|d§g€ g%%gtékéﬁ%aﬂlﬁé? %oooer fﬁﬁ”gomprls1n§é§§e%§g3§%%ug&&ﬁ&%hé

sol uti®n cofeinbien ¢entsgling mesphndine borane.

- 20- 8. The inprovenent of claim7, wherein

nmor phol i ne boran resent _at.a concentration_in out
1.0 g/l to SSat UT]%E Ico pogition of cf Jdne.l.,.rhgnerelinowg E?i ge)i:oran%
wher ei n nor pRopresenrathed ®ncentrapienchr the afaém%@ﬁt prheubnli @ ghd 1|'ﬂ<ange
of about 2. gag{itaton. 16.8 g/l. 10. The i nprovenent of
claim9, further conprising adding to the reducing solution a
reducing stabilizer in an anount sufficient to decrease consunption

of the norpholin2. borExe ddnposidirinngtrebadnin wherginevekrphedine haorameat

consuigd i niENBregent ADSLERRntREI6RIVS! ik AR ke hLEUE ﬂgvtamc@&rse
of a copger fXIde reduction process, wherein the stabilized

4. The composition of claim 1, further comprising a
reducing stabilizer in an amount sufficient to decrease
consumption of the morpholine borane during reduction to a

15 level less than that consumed in the absence of the reducing
stabilizer during the course of a copper oxide reduction
process, wherein the stabilized reduction process is initiated
in a reasonable time and the metallic copper layer resulting
from the stabilized reduction process is resistant to acid

20 attack.

5. The composition of claim 4, wherein the reducing
stabilizer is thiourea.

6. The composition of claim 5, wherein thiourea is
present at a concentration in the range of about 2.5 ppm to 200
25 ppm.

7. In a method of bonding copper and a resin together
wherein a copper oxide layer is reduced to metallic copper and
the metallic copper is bonded to a resin, the improvement
comprising reducing the copper oxide layer to metallic copper

30 with an aqueous reducing solution containing morpholine borane.
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reduction process is in a reasonable tinme and the nmetal lic
ccopper layer resulting froﬂ'lT H"Hfﬂl""l'ﬁﬁmreduc'tlOn 15 process Is
resistant to acid attack. The i nmprovenent of claim 10,

wherein the GREYsRIS stabilizér i's {hiourea. pCT/USHA3423NE
i nprovenent of claim 11, wherein thiourea is present at a B
concentration in the range of about 2.5 ppmto 200 20 ppm
-21- 8. The improvement of claim 7, wherein morpholine borane
is present at a concentration in the range of about 1.0 g/l to
saturation.
9. The improvement of claim 8, wherein morpholine borane
5 is present at a concentration in the range of about 2.7 g/l to
16.8 g/1.

10. The improvement of claim 9, further comprising adding
to the reducing solution a reducing stabilizer in an amount
sufficient to decrease consumption of the morpholine borane

10 during reduction to a level less than that consumed in the
absence of the reducing stabilizer during the course of a
copper oxide reduction process, wherein the stabilized
reduction process is initiated in a reasonable time and the
metallic copper layer resulting from the stabilized reduction

15 process is resistant to acid attack.

11. The improvement of claim 10, wherein the reducing
stabilizer is thiourea.

12. The improvement of claim 11, wherein thiourea is

present at a concentration in the range of about 2.5 ppm to 200
20 ppm.
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