PATENT SPECI FI CATI ON (11) 1 558 760 (21) Application No. 5837/79 (22)
Filed 3 July 1975. (21) Application No. 5838/79 (22) Filed 18 Dec. 1975.

(62) Dinvided out _of No 1558169 (23) Conplete Specification filed 2 July

1976 (44) Conplete SpeC|f|cat|on publ i shed 9 Jan. 1980 (51) INT [err] C25D =
21/ 18 306 (52) Index at acceptance C7B 120 718 KC (72) Inventors JOHN
COOPER. CROWMHER and STANLEY RENTON (54) CHROM UM ELECTROPLATI NG (7 1) We, \Q
ALBRI GHT * » & | oss' of adhesion at high current 50 W LSON

LI M TED, a Briti s‘h Oorrpany P densities. of Albright & WIson House,

Hagl ey -Ro at _ es of @s f
War | ey, dI and AﬁlTEl mm&mr e foot. 51 %gg 760
decl are the iSE) RDi Applicatio NM‘]PW?\e (22) Gileqsd dWlK 141 bl ack snudges b

pray t hat a A Arpicasion dos 583809 ¢ o (2 Filedi 18 BB U$75100 and //_\
squar e f oopeRivided Bt of o 1356189 | y described in ~ foot. M A

fol | ow. ng st nig#t Complete Specificgigon{iede2 1978l scover ed t.hat
present i nvafit iéh Comnlge Specificgionpublisheds? danf 4880t s nmay, in. ey
chromi um el egtF dpDAINTHEL® £RADi2V1B306i cul ar reduced or over ciyy
smal | to the nai@ddndercat agfepianesct r opl ati ng bat hs anount of W
ferrocyanide to the CBO BAJéHKEn trival ent chronium _
sol ution, wheneJé}: lmmmfrag?r %{“‘é&@% CROMGIHERend ot enti al advant age
observed. el ectroplating 8 FENTWhs cont ai ni ng - Qur. invention

t herefore provides a chrom um |(51) thﬁ{(jmmlg_@tﬁmtg-m&ye been rret hod _
for the mai nt enan n aq gni ged for gve ft unt|I _

practical difficeH Albﬁ@n k&awcison Haglsy Begglm tQ ,emhitbaetpoﬁtat berpent d@ﬁiﬁes@f
prevented the coMr@id ry.c) ﬁg ld % he af @daﬁpd D Bt W& Fts
yb
ri

whi ch conprisds & dﬁ Fjﬁ afies’ thil {;gf@ 5 -

amount of a wat eE“ . 1amy<a=s edin €l ectfrogp ate
ferrocyani de su ﬁdwthmfollswinstsawmeatt+ t o .corWai havn nb\hednsd:uvmd uthat nthe he

hexaval ent du é:o By rgég]sF:t tlggtlg d:égﬁw F"hg pid fa trom@tsa%? %aE«t t
certain seriols {gals AHIrBAIE F SlectllHiay BathOU BB obi 8F witbia oY AR d itﬁg 60
such bat hS - based on trivalent chromium. app I Cablaﬁng soliition, Mtd&fl&nﬁa(ﬁulﬁfare .

trival ent Recent hot!ﬂé)\/\ﬁl@epotenmlr jadyps %s@?b@m &hr om ‘um -el ectrop] ating

bat hs_gener al |.y. G PR, IHEACH é:%t‘% Fﬂ Hor bﬁ%"tﬁﬂ‘é?eﬂ*’“ﬁ’ it}ate it
may be enpl oyés h&esmy@e iiBe@h®) ©3dafin a‘h o EB&rOp fg L vde ¢9f
the type descri bedvamtyouf coca&sé;ffitutiess have7 5 whfchthas begum tqewhtbitcat llast, one of

containing a tri®k ?95 ‘a}:‘ﬁ?ﬂmal Lot 19of %}théh?’bﬁ S&idriﬂ &!}¥ igh cer Yﬁg&m um
SO ARAR et T A L R s |
anmoni um as eSS&ﬁ{tdnﬂlhg uhaglne viinShd Kexavalznd 6r dlimieatd daliplaviy faltSO Dbe 70 . -
used, for 30 desue. dsenitejcartain perlgusdlsadamms No WS 198 fam thatexhapnp'tveltlon nis

o L R e \BGESh e G W"P S

comercial ly angbmelcﬁthetdﬁﬁes%mﬁﬁﬁaﬂueslﬁktSﬁ)dBQBBﬂaea deEéBb me»ad ogsdiUsy 75

wi despr ead accep?fdﬁ‘éb‘“ei’é“&ma(?f ﬂ! %ena brW‘th m
Goncr o 7 ‘speaki HEOEAE Tl NoRRl DA :ﬁﬁ%"sﬁﬁ&fﬁ? |
trival ent  chr g deskribad in ous ULS) Pa&n omsusm Wﬁﬂe, il tonfbAfatiOE @ith GuthCorvie ed -
that chloride, éuprthﬁtbesed on such mb#t}l as reqgnidy  gype gescribedin BR- U\%ﬂlénispémléﬁﬁ. ugo
pl ati ng bat hs, %@g‘, ?Qgﬂ‘e?@ arﬁ? céﬁg&%ﬁ% ‘A %K o PRP

satisfactorily u&&ﬂee ol BEbvaldhlt

a (ﬁ&kfﬁﬁf Gpealdhg ﬂ{et SaHRAdone ¥,

for or test cmdplamngnm;hssorretl rres devel o htechroammcsdt atltEh asghx;oumlrﬁ ate
or oxal at e, rYQFge ; EE& digcpysredy t?% ate 'dés mdal 8§
broni de are pr ef tv kui:igf f%&m&ﬁ | grefgrﬁ)lwea F for
present. The sol bk{ Itélit] rﬁ tiaﬁs’;l djheﬁﬁlei aieVéop ngﬂﬂﬂ-,, amm tath{Sgl&& afe Gr oxalate.
corbi nati on, - &F plhtglg mema“y le t}u bwmhddrgrprdfgrthbtllxsow N9
plating faults ”’§f£ &tﬁéﬂt; iy a }ﬁ%‘r"**‘ﬁ f’ébd" ﬁa“ P@t‘f%t E‘?ét’u;%n A
white haze at hi @llowig pletitg M@RShay @sur: di Pol Sbtasssn 3 Sulphie Aprotlc

di net hyl 45 AMAW terha;qathigh sn&mt@nmﬁtsesmp@meadlveﬁtorm es
i ncl uded but #Fe pr odids @Px/ewevemcasw@\ﬁepad c égrpa ‘1d el H;y

Typi cal 1y the pH of EHESSE s Yo, corent Pty sl Do i .
between | and 7, fROra emwmh&aﬂthélotvalﬁm qﬂttmhl tse band at the 1.owe Imt. of
the 5. plating rangitinofinen oficr orqoamardeli by Th‘léheferfoewmdyam@e beraypny be
any AR . - _

edlyso be -



2 1,558, 760 ferrocyani de which is
soluble in the bath, precipitatable by ferrocyanide in the bath for
exanpl e an—alkali—petal or ammonium and adding' a water soluble
ferrocyanide in ferrocyanide, for exanple sodium or an anount

’ @ffi cient to precipitate said potassiumferrocyani de.
Lo

ntam nants. 5 The ferrocyani de nay conveniently be Preferably
he bath or any sanple used 70 added to the bath as an aqueous :sol uti.on.
for analysis.should be filtered to renpve any. The concentratiron of the
‘ferrpcyanide . previ-ously preci pist&eed: met-al J prior t.o-1he"- sol uti orL-l(s not
CritiClrocvame Which i Y an rding™o the
sol ubi fok Egﬁm@ie 4Mka|#%%mggp Ellexlﬁh ab]wgwf&:)?cgg g?oﬁ%&%% part i cul ar
f err oc Hmyelede gy j@%@mple Fepdiumpuer byn anymurf suffiderdirtal yedimgate tathni ques for

75 gxal gg S qrocy&?ﬂﬂg w&th qiantitative detuer .hation of
the téfcﬁ@@toofhec ot Jscanaapft shaR] Utdr GhLIoR DRI e Moo MEd by “WEQF “are wel |
known’ TIR_ tcb‘m:emré:uon abbuhe Za%dy &\‘EI ghtnoﬁs@r bmaymedjmetal prior to thel yual ly the
bat h. | .m o lw\eofy shat ~addi ti on f. SPect ogr aphi ¢
reaps, St Rl gg £ F;;f cxa i ikt a,%%c s of those
} on: tsaéxh%agﬁb@r%amfn fts'% | hquafﬂ tah&gmue n bt{kbn f gna;ﬁaiaretet e aforesaid
reie a)

el el ekl o e O SRS e ay o
USL@' l%rrbéyaﬁ?&y: o r‘%uﬂt@ %Sﬁ 1t10 o 1;%21 lc meadlsn)&" xﬁma%e p%?d emB(Y\’hen the

onset mfuitdito eiMPRRS the afdmaldlfam andenﬁatmelpoiar@tme rﬁeh&ﬁﬁa;&bte 20 of the
af or esmpy F%uaﬂ |ds7te@i195€émedn |tly= tem d the only met al s V\/n ch in our

experi . 2?;? : e o rkely t.o cause
oo S Myt ik e

| nventuhen fensodyam«éue:solapqm | oabtmaalt Olikefhe. tsadausf said (prayma aultsi. The‘ a suf ficient
exces s‘"Emeeféﬁ)PFtéd!‘ 0@ 8R°P‘F1 fal‘j?"ct@“ P@“Fzﬁft ’P’Rghf fer GRAF i de has

acci deffiEbtaBEh.C nﬁ?éiﬁﬁ‘c’iﬁof AR Yoo bie netals, 25

cause caaseSIagrsigﬁlﬁeaaﬂtded@ioﬁhbmr at hs)nmcluﬂmg Iléid ¢admlust]Ishgr l@agold, 90
cadm umssxlsl; Itwmmovatm eyeriseiby addiingro’s elttivigh mamﬁ@mpetamrr@tlelxbess@ by ‘addi ng a

I k
al oLt o .réﬁﬁ',ffnfo‘@%mj@ e U DA, sp lnle cati on
uch as‘ﬁo cén’%e Cb‘r"efelrd’lblypr @@Jsiaﬁ@ally Offietiomdtiickel , iron or
2| ngo. ddldmguastsm | amouny of'HMehnburgt bdsed emr theytamie memddadammamshops this may

convengobi ‘ﬁj@b hT wn ﬂlt;igﬂ’f ?té‘f Pfaﬁﬁ“yf°ff ﬂlsbt!y % Sﬂb%‘? lal:hl ometric 30
cool et Sl e o e e e de

| ﬁtﬁ
cont anfefiady e, t'dUeQﬁllytdﬂfe the icaritie atnl aue lcmaﬁ present, or
sl |3§htdu5ce oew.ndmyhes wbsstsafmwainldeonammuIVdulbéewﬁdiel wiay hwtnenllfﬁl)m 00t es excess
of fer§s B“g:d regous {hﬁ,‘b i fqe X umrp*}"}i{ﬁ es of adding
the AHEE eéh,é&f“s ﬁ>’° “é?f"é?ftf Ve QRN & 308 Poleiianl .é‘kocyalﬁdpr der to be
fully efWéebdliewethat thé @ﬂate‘éax@ﬁiﬂttd Ma;l essutiohafcr tifte ett platidpi somion i for 35 Since on
st adfdi by duehio. the e@stntfaleq:qn PP F_rh@ ﬁéﬁntwmﬂonnﬁw not

S 1 e Dol o RE WO [ B By e

“e%{ -;ﬁeb. the plating

t yi18 .
faul t. chWium' w gg TS aver by 005 o toerﬂfo%ﬁte% alrgrnd t B di scover ed
t hat athgouitrAilcen ®E: st .bg atiding | aonmid fiomet al .

add#s1 prpperdp the (hath lyifawinE appeasty a ‘éléf 36 fedvcs %lge *tﬂ?ée"afléﬁ’ esaid

f aul t sERRAsSO l "f%;f WFS‘E 5 piemsr @Lﬁ; Sl %'mﬁof!a %%uc' due to. the
acci deﬁiElaJl QhkiP thate\tﬁ‘er Yage ﬂﬁBIeOuf)f wraexﬁngm.m enCENt ani nati on.
105 th&rrba{ah-déa stdaaa:hm 061 precgimting abalides. wnthbutchdvetsclytﬁfestlmth he bath can’

be #%I ft%‘él é' th pafeénalu gk gljgt%me % d&g aHE” PACCRRY I3 nt ai ned i n
the fa eq,Jg,t gn ; gi 4Ll g&ﬁp sﬁg commonl y.
encountdﬁt nants 1ﬁrdaiﬁmﬁ clau ticen Blut Anﬁan lsbeefeawmﬂi t. 10 edaxddalhg '
cont anitlwut precipiding dt;pqi-emmm, wiiieh biheffree Bals enam S(ﬂdtﬂﬂt YBIC ar.s It is
pr e¥er {8 PHRFiRAL GRHiAB CaFRpF Rt r?£|tbfgeg;3 gr g@ﬂ“&f !;@ibg B85 R0t he

- pr esenc%c@érdﬁg N6 a pleferied @BBbAImER, hﬁ)'rrh 31%rht@fabfy@d d{/ltﬂ &flatdh, the fault C
wi t h | thagfope) durf 1atelntloermmﬂés a| théthodr aboetdr mmytm pder toltlye faddqyanudm of ' a

reduci mfln%@ms a0 seele pruallyy %?t*t 'ééb“abl
Sl T G e

Wi t hOUEo ith . tha Rfedidrh) Of uta ﬁiﬁowxaglbsinam&si ally.al I " the potentially
har nf uinetapetcbmammame, ofvhiche methéd One parti cuI arly. 115 trace nmetal s whi ch

AmREissHsisyining °t°8 epiration ot | t d
a;e%mr) alfjovxt/rﬁfff]c Hi'fat £8 "aéla"g I ngna%q%n ' tl’t’? rr:tﬁcﬁ"[‘uol%["??’opo Cion of ¢

ﬂ

hmoni u ti-on of -
contam nants in comrermal practice, but fornate Is preferably sufficient
to reduce all without' precipitating the chromium which the free hal ogen
in the solution. Typically 2 55 is a' principal cationic constituent of the
to 3 gns per I|tre of forrrate may be added 120 bath

o o o v o Y Y 1



65 said trace metal contam nants An aqueous trival ent chrom um
pl ati ng 3 1, 558, 760
3 sol ut i eA—whi-ch—had been——worli ng L frn of _F\| prfrnl VTF‘ and inhcreasing

t he 50 satlsfactorlL\y devel oped a pI ati fg fault “addition in | n per
litre steps,- all ow ng"'30 gi ving dark snudges in the 100-200 ASF  ninutes
reaction tine between additions. regi on. A sanple of the solution was put
Some i npr ovenent vvas noted after the 5 into a 300 M Hull Cell with
circulatory addltlon ~of 3 m ‘per I|tre a glf dly coollng and a 10 anp 3
m nut e pan e s AV=NR AT2a-ToFa3 “Cot:s
showed bl ack stre@@klsmbetwhaén !!@D 2@01 atkinger litrg tofecleélfwtpraeldl pICtnatmg ohe 50
i nsol ubl e ASF and3fiff ”'ﬁﬁﬁ? emt ﬁ‘é(ﬁ_zgogfﬁ“gemﬁ@m%ﬂ Amip ‘I'E‘Se » pYingad

k
remain in the di ahv“é% AI gmpldef R {SHFioh Qvag“pﬁtk eamrgr?cbé%i t Ef e@ Eﬁ& |otr}\]se
interfere wit h5p||atol mgm ﬁhl]]@ull ﬁassfutbloyrculatofy C@cniitam RALI ol Glr tIRR 2@d Utullpn.

any way, but the ;iﬁst "3{ an %b Nl I runh e stisfactory pesforabhtreswe@cmhad asi)rréS
ECCETRY S bl i oparay I %E"E ¢ hac
it tmg m

been | oSt from Dl @iigno@d] bdSeingeiuel o R Tand ORISR hinbler
el ectrolyte fde smmbly nrmeconmagbegftthowmenvvasnmll;u;eh:é solutid-#aE
|S:- 15 spect ros G%{tm}‘?hedftbart seme gigkel plaied s nexshutdown toxemevetibel Pfeﬁ'rplt%th‘é 60
ad been los from plating jigs ~ metals.

mai nt enance of anan (éen dissolving in the electroiyte ' aqueous
trival ent chrom um&ineahﬂeoplbead]dcnglybaiahamm ha¥HATOMB CLAIMXSibi t at | east
one 65 Nickell5 spectroscopically for t@% ppetals as  ofl. Ahmetp d>dafqrmlge fnaluletl@casf an
speci fi éd herei n 'Copper 132His° trival lating

. : : %thas un o exhi lt at east o 65
addi ng thereto an anmiré - | ron 134 ppm of the ’91 Its as sPdcifféd &‘ﬁ
sol ubl e. -ferrocyani d€ompaf fi ci ent 20 13 ppmZi n@hich comprises adding thereto an arﬁcﬁmppm

substantially o redie® or elinm nate QAPEMTot of a Matey|sgluble. ferrocyanide gBignbm
plating fault. % gota, Metals: : :lé%p 7o Subst ““j%étt?]dad‘ﬁ&c"ér%‘ﬂ‘f&t 639(})
Claim | wherein said water soluble ferrocyan ASm@thod 2Q% Mg 190 CMkrh ON o?
pot assi um ' sodi um ot aSSI um or mmnl unmwherein aai ¢t awateq| @olublp derrdcyanidasis

f errocyani de. pre S0 ta%‘@'fbt %“Qd%é@ltaﬁ‘éﬁm or3, a‘Amﬁét“H‘bd

for the mai ntenan]g,ep da% i m solﬁ ZQ e" litre i.e 7s

per agueous tasi vﬂ]mﬂm&irmlumreﬂnedrefbpﬂ aén n J %%E\,%h ﬁf‘ﬁ@b{ﬁ)’r&ﬁ ag
owa d

The nixture was ‘Mefe als bl ad hq HiEgirg Easer fmﬂl aglch mifings Ut

for 30 minutes an a“ ﬂgflblE C eropertian Qfomcanmmhtcentalmedltsf or
pl ating corrponentgre P hmpi gﬂa{ttahd)ﬁ]orgl 1t Flﬁf@ Eﬁg #)efﬂ pide and

t herei n preci piot anlatbige)etfymfaeqrerw egangd and St kLa : retos m'en s‘f@,gble 80

and normal addin t‘ﬁé‘i"éﬁ aaalyee | ‘?,fl @ﬁtel?ﬁm’!?(t%aheralssol ubI e 80 30 p ating
: %. owmgresu
performance was r®&ga ~ ferrocyani de 4. tA mphediapidréihg toS@latn 3
trace Subsequent anaI yS| s of thepsl eCfrembwat e W lalag EOEPPedf%IIOP!?Ndh
result:- 4. A methd¥icketcording 20 Cl a8 3 p ° t@ %&?fﬁi
excess of sai &f e”(gﬁg‘g@' de is 'ﬁ?Ckm (gg) ' suff1c1 fatracemgtﬁltopreclpltat@- d
to said bath and sai Xxcess is 385 3549 | exzess. (49)
subsequent |y renoved by adding thereto C?rpger 5. A method accarding to any fe@going
sufficient of a t}atswRWRIngep BRI HPANE s apimapiores oy (oo hieen Presst e
69 " excess. ™ FEEHBd according to anyddt%qg%ermrro lkﬂ fgure wll
i ncl ude a contgpi buti on: fronExample m wher ei n ang Arreehdﬁaﬂogdn igtemmte pihart he

1 lectrolyt taminated thh ysd 1o
90 any excess reagén!tlml ar electrolyte con e ating g‘t‘ accofr‘gmg E{Ijs:gg “E' ﬂaq'i ﬁ\g g i g

to the addition O;f nFs ﬁkTh%FmﬁrX%aﬁneténnalysm subStaégtlally 2 O m any of

6. A net-hod for R Fal4HE NBA6Rn Obasartddced | 5% | e e yte cont am nat ed
with aqueous 45ri additentowhbﬁmmnﬂltewfﬁ WAt ng | ron, and

zinc gave plati ngam{B‘Hﬁ‘f}‘F, g@ﬂ‘nutetgonﬁ %gs SR de tgf gt:sg%’i@hel n

this case no trac ¥idé Swas S al ally asl g@gtrsgr in any
of was. avail abl asteplvdahdgmmnv\mxnhmglmdl 1oy pert he exarrrlJoe&m 8 IXd4Qd.tion to

the bath of 5 m/litreg.of jgg{ Wl dbn sgnBgobat h was
R G M SAVIDGE aglt&h!ﬁiﬂle

the Applicants .potassium ferrocyardetEd®qd8tdn a I

Kni ght sbri dge Green stepw se fashion, beginning with 1 m per

London, SW X 7QD. Pri nted for Her Majesty's Stationery Ofice, by the
Courier Press, Leam ngton Spa. 1980 Published by The Patent O fice, 25 :
Sout hanpt on Bui I'di ngs, London, WC2A | AY, from whi ch copi es may be obt ai ned.

nhel’&ennomutzasquthandn Bnhlemzs 26/Rn, WC2A 1AY, from Agent for

1

0%



3 _ 1, 558, 760

3 tion which had been ‘"working I|tre of e”“l“l"jllmu”u"cmlllncreamu
t 50 satisfactorily devel oped a plating fault,* add |'-t i dn Fn . per

it 8= 3 al | owi ng 30 giving dark smid&b#0i n he 100- E L nut &8s

E e e RALMRENWRIGR Ha@NSheeh EGIoARing A [#@MBF Ce1frolRe af®| iireRMeg Wk PY3

So npr overresatnsfbﬁsrnmodeadom‘dt er plahg B'aultl, NtaddisioB B0l Ml pdritikre stepd, hllomitigh30

cirdgl atory a&M'J“SF‘ S"tb‘lf’gez mhsiﬁut:on was gy"waa ct&ﬁovmhgeta'ﬁg; ad‘![l'f’"anp 3

m nute panels r{f Fnio i thnyw,a,eamra s R g hed ARl

sho bl ack St:d’oﬁﬁé(SncbeﬂmﬁH t2 @anel Iﬂdn pesEm dctorryeperfshearﬁe *as thie&&ﬁatcsf 55

i nsol.ubl e A$F “éhgsmw 'acbrsﬁ?ﬁkb W@R cemlv\mg htweffat mlmtstewafgns»mbtwved to

rermin in the Ik, ‘d‘ﬁienﬂ‘o"ﬁfﬁl‘i 43 St A SR
interfere wot hpgkislk g cbdiariﬂanoﬁ%ﬁie Mtidnl. Or}mWr , BU tHe hﬁi%n@afas dséﬁt
any way, but themalsﬂabhslml nh/atssofnelrtl@qebnlatad tregt dhitdems te sdnaive Itl&hﬁdmblha&td ssme )

ni ckel plated € d been td ectmltghe patdei pitated 60 conponents had
been 1 ost fronfglaihd ik, Thbsle cééqe,ka& 4 hadwispenwe esQIwi9g. i n the
el-ectrol yt esf Ofpesmtiidanf foTheraeé embfaﬂ Vak e WASA advttlod T6dthe maiténknddFofCGlnAl M
|S:- 15 spectfoigewpically for trace et aageougsrivalent] chrgmirmt dientroplavingt hgs

mai nt enance of an | ows" bath which has begun to ex tone
trivalent chrom umog(lg ct ropI ati ng b@tggnym c&hﬁac{njgmﬁyfau‘ : astﬁ?\g%fun a,,gﬁ:,‘h
one 65 Ni ckel - TIron 26 b af whtkre sqbd efgcfanide tsaffiaient
m t
s.peoLf i ed h& ein %gﬁ{etals 350 oo J_sg Sﬁygg% o WP%OCGWWP@e@ldg?gd ng
; to an anount ethod gtf,co ﬁtﬁ?rCﬁm Y
ferrocyanide sufficient 20 Zi nc wherein said water solublOfepB&fanide is

substantially }d\ ré@i’éw/ef ?f?] p&{]‘,“@ﬁt tasgiry Bodaim. Vbpksium  or ammogeé& ppm

; errocyanid was erpocyani
pl ating faul t- redandlmlogthlssoluuon added‘;{;d 750 Y?K‘ ‘i"Fet hod accord| ng to daim

| wherein sgi dS(Y\éérﬁrtotﬁl%é{h] @erl R QG Yot
potassi um  sotiire/mere apwblyssiderinThe QHXtUBWESN| {117 1y int‘ulalfggﬁ%'ﬂhlr @lucigtjre ro au

f errocyani de. E%ﬁéﬂ gf;a%éPflwnﬁ""Wg 3 E@Edmbﬁo@ﬁbnaddedc@&ﬂetal ccﬁna st ho

for the mainte ‘%pf:t? ° t cheginrnoeciglitatable rby| ferrocyarjidecand7
s

per aqueoum t platiiy giformdntd Wadlfepatheact r opl at ﬁg e‘(‘-:t gﬁ%fii? dety

The m xture was Sumuwnmmwscohphq sbstrqiﬁper,ﬁatﬂg ng t We o st and for

30 mi nutes andg“l"ﬁé'i'F follosipgesslton of trace nepals q,qgmoarrhaa{m@ s aClaifnO 3

plating conponents. The bl ackypnir ORfdidovan vdferdir amexqmt‘a“l sanclcfntrewammiss

therein precipitanekéle by fercocyanisgte and 28fsde ik saidepath ﬁp
and normal 3%addi njfon heret o sutdfi ci e of a MEEEL 7o W ES 205 |ng
4 9 precip
performance was rg{ffthed. g fer S,ocyanl eessto precipitate PRI d. trace

Subsequent anal ysis of the electrolyte netab.sA ngeiod atdoedidglol anyiforggair@sul t :
4. A nethod atibisfigiragilt incl@led mtr@umﬁrom %agrrw grein an, ;qlg 0 gfigsed et{g bl
sai d ferrocyanfHe*Fess [G2E0E| ucec to &P &

addition Of'the ferrocyan

bath and sajgd excess isS Egmpho I'r On 6. A method ford8& maintenafcdf an
subsequent |y rermwieﬁiarbglletax!bdm rltmmtd)wmppaueous mvalent chromfum electror'@@%

i to any of claims 95
sufficient of ﬁﬁg;)& fo eB ?négr aT subslan described herein %)
69 exce Stsa ila ﬁﬁinﬁ *86¢ Qbccait b} O thdakain F@gon g SRS TGN E il
i ncltide a cont ad i,tinlt@fhefbbmrﬁfSnﬂ‘/IlﬂttﬂﬂS\ﬁMM\EI n any ree en_present in the
90 any excess p.rgmg@mn formate solution. The}?ath \héas bat h i%s Crfé‘ﬁ MPGE hali de prior
tot he addl t I Oﬁgl@ Slum el‘io%ﬁ%?@ﬂ éee('}hﬁl /" AlgeKnl:l ]'(I’{Stt)l'l 1@@% 2
6. A nethod fof fj;j g@@m@ With ar}nlﬁpesl mlar eL r8WIxe 7QDNt ani nat ed
wth aqueous tri V%l ntrl for%er e s tau nery ice, ier Pre 1“"],?.4;8};(%'&1 1985 OPPET and
zinc gave plating &ls da,omo ﬁmyamﬁ n EulidedTEondon, (WC2% 1A Borf aul ts. | n
this case no trace netal anal yS| s“’"‘%lﬁ‘t%’c%tbﬁ‘&}a'l“if’ as described herein in any
of was avail abl e. Hal ogen was reduced by t he exanples. 45 addition
to the bath of 5 m/litre of 55%w w anmoni um formate sol uti on. The ‘bath
was ' R G M SAVIDCE agitated for 10 mnutes, and then 20%

Agent for the Applicants potassium ferrocyanide was added in a I
Kni ght sbri dge G een, stepw se fashion, beginning with I m per

London, SWX 7QD. Printed for Her Majesty's Stationery Ofice, by the
Courier Press. Leam ngton Spa. 1980 Published by The Patent O fice, 25
Sout hanpt on Bui | di ngs, London, WC2A | AY, from which copies may be obtai ned.



