A "TRIVALENT CHROM UM ELECTROLYTE AND PROCESS EMPLOYI NG YVANADI UM REDUCI NG .
AC;EThe present invention relates to chrom umplating @a@@s’%}@ﬂ : J

~pro {}-s for electroplating using such bat hs. Chroniun1e|ectr5p|at|ng

bat Are in w despread commercial use for applying protective and ,
decorative 5. platings to netgl substrates. For the nost part, v
commerci al chrom um pl ati ng sol uti*ons heret of ore used. enpl oy hexaval ent
chrom um deri ved from conpound such as, for exanple, chromc acid, as the

source of the &ﬂé L M50 | . t Lum el ectro- 10.
pl ating solutio fﬂgﬁ] #gﬁg%% T %ﬁﬂ%ﬁﬁgﬁg imted covering
power and excesst SOttty oF F-tres—in the parts
bei ng plated which can result in inconplete coverage. Such hexa- val ent
chrom um plating solutions are also quite 15. sensitive to current

interruptions rEBel pragent davepdiiond refatesckdifhrogiunhplasisg t .
Because of e d ' I | ' i O¥ola@h of
hexaval entb%:ﬂr?%maﬁﬁl pg% gss%ggi ate vvastfe%l sp%lgil ﬁg%ﬁ%I gﬁgh les?%gltr%i ve wor Kk
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has 20. been CorEBiEBdelectropiating Patthsica®e obhcNieRBBEFRESect r ol yt es

i ncor por atdbmb by al ket FRMAYPIFING PrikseeBvouUsnbcagtbratdvel the
hexaval ent chrom um el ectrql ytes heretof ore known. According to the present

i nvért i on BIRABIRES: P BRERL SHRGHIARST ectFOE BB® MOBYi BaLkd process for
deposi t i ngeehmertl &P chrordamh 3 dicieiy BSToybons herehotbrer ugeid chr omi um
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i nventi on fortéerampleyi dhromic acid, as the source of the :
chromium constituent. Such hexavalent chromium electro-
10. plating solutions héﬁe long been characterised as
having limited covering power and excessive gassing
particﬁlarly-around.apertures in the parts being plated
which can result in incomplete coverage. Such hexa-
. valent chromium plating solutions are also quite
15. sensitive to current'interfuptions resulting in so-
called "whitewashing" of the deposit.

Because of these and other problems including the
relative toxicity of hexavalent chromium, and
associated waste disposal problems, extensive work has

20. been conducted in recent years to develop chromium
- electrolytes incorporating trivalent chromium providing
numerous benefits over the hexavalent chromium
électrolytes heretofore known. According to the
3 present invention a novel trivalent chromium electro-
25. lyte and process for depositing chromium platings has
been discovered by which bright chromium deposits are
produced having.a colour equivalent to that obtained
from hexavalent chromium baths. The.electrolyte and
process of the present invention.further provide an
- 30. electroplating process which can employ current
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30.. ‘®lectroplating process which can enploy current 2. densities mhlch
®dp vary over a wi de range w thout producing the burning associ ated mnth
deposST™t’s pl ated from hexaval ent chromium plating baths; in which '
el ectrol yte conmposition mnimzes or elimnates the 5. evolutltr{ f m st
or nekious odours during the plating grocess; the electrolyte and
process. provi des for excellent coveraféof the substrate and good throw ng
power;. current interruptions during the electroplating cycle do not
adversely affect the.chrom umdeposit' 10. enabling parts to be-withdrawn
fromthe electrolyte, inspected, and thereafter returned to the bath for
- continuation of the el ectroplating cycle; the electro- Iyte enploys

| ow. concentrati r vg%yr%WGﬁ I &%k um due to
‘drag-out; and 1%&%_59_&%%?69 Egog%? t he c %miﬁl am‘fl t at ed in that
the trival ent cBF@ﬂPG#ﬂEaﬁhﬁe drRnge agsQg #ﬂ(ﬁﬁRQEiﬁﬁﬁﬂ¥ﬁ§%ﬂutlons
by. the addi ti onfpbmahéhiasenth chroad n @1@1 lﬂﬁlﬁ‘} tih a3RPLEh Bclge above.

The electrolyte f t he_present inyention alsq cO rates a reduci ng
agent to preven® FﬁEFBFgﬁﬁlﬁﬁmBP &@BPPHEHFQW”&E#& Ié; W#h?
hexaval eng, chr ogrougiiohngfomd sat bﬁ:nncsn‘idd’se d&ﬁﬁrs/\/rammrﬂt@fpmtbﬁg

interfered with_the efflﬁhentle tro SI#IOH of chroneéféglf mtrival ent
chrom um pl at i nﬁ BSBRE7 a8 ec FF IR PTNE 1T i <Pﬁncy and
covering power ekceméehatbovemasewoﬁJthamsnhstnauetnndcboo@ftwrowingntm

hexaval ent ChrOBLHEkQaéuB&EHEFiﬁtE%£H$%ions during the. electroplating
| ' cycle do not adversely affect the.chromium deposit’
10. enabling parts to be_withdrawn from the electrolyte,
inspected, and thereafter returned to the bath for
continuation of the electroplating cycle; the electro-
lyte employs low: concentrations of chromium thereby
reducing the loss. of chromium due to drag—out, and
- 15, waste disposal.of .the. chromium is facilitated in that
o the trivalent chromium can readily be precipitated
from the waste solutions by the addition of alkaline
substances to raise the pH to about 8 or above.
; The electrolyte of the present invention also
20. incorporates a reducing agent to prevent the_formation
. of detrimental concentrations of hexavalent. chromium
during operation of the bath which heretofore has
interfered with the efficient electrodeposition of
chromium from trivalent chromium plating baths and
25, has. tended to reduce the efficiency and covering power |
of the bath. In some instances, the buildup of
detrimental hexavalent chromium has occurred to the
extent that a cessation. of electrodeposition of
chromium has.occurred.necessitating'dumping'end
- 30. replacement of the electrolyte. In accordance with a

33



extent that a cessation. .of el ectrodeposition of chrom um haé

rred. necessitating dumpBng and 30. replacenent of the electrol‘yte, In ~
. rdance with a 3. further aspect of the present invention, it has
< n

been gggu%?nﬁ%gt ggpg@@ Uﬂitgs@s ;iz’rﬁérﬁdtm'lwguaigmt tlefhasdbeenan el eﬁt rolyt.e
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ent. addi t
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rsduci ngtsgphatdngr esﬁﬁ:ig:iemad iand i throvWing g_oyggreang ﬁgeﬁﬂsa&é{*ﬁ ad 1o

¥, 6ot a a AdVdtdp | &F a&n {ngduRaUEepTaGEBgSYSt em . (C)
haI i de- ?g%éh& #ﬁd %}me co Lum | on"'i;I %l on al 13 (g) coduc?l vity salts and
optlonathe b&e&ﬂ:e‘qlmtﬁ The beneflts and advant ages. of, the conpositions-

:15. according to t he present mveg{aﬁ@?@r hapa! rapaqueous aci di ¢
el ectrol yte%’@ﬁ ﬁa e R co_?s‘tltuen S, con':ﬁg_ga_ﬁl} anount s of
'[ZBI va:c em\%ﬁw@oﬁﬁmu&tabig ﬁgemsepire@@nm@’ﬁ i ent to
20. .f.orma chrom um.c g_@:é%ﬁ% nja) "aixedackiyl @' reduci ng <
ag@at cmﬁ'{%‘é ?%%‘“g(ons or I'n a%ﬁgm)unt effectiyg to prevent
the con teﬁmpnisﬂhg*vmadilmxm &k ﬁ?@m%?ﬁ?‘?laélaﬁée%bove a level at ;
whi ch *mQC RLAOUSH: QD EUGRh b IRAs I mes LAt gnpayesoust t he '

acidic system {c) halide ions, and (4) ammonium ions, option—’
ally (e) -conductivity salts and opticnally borate icns.
15' The benefits and advantages of the compositlons

according to the present invention are achieved by an
aqueous acidic electrolyte containing as its essential
constituents, controlled amounts of trivalent chromium,
a complexing agent present in an.amount sufficient to
20. form.a chromium complex, halide ions, ‘ammonium ions
and a’ reducing agent compriéing vanadium ions present
in an amount effective to prevent, the coacentration of
hexavalent chromium ions rising above a level at which
_ . continued optimum'efficiency and throwing;power of the
- 25. electroplating bath ceases to.be maintained. More
particularly,. the electrolyte can.broadly contain 0. 2
to 0.8 molar trivalent chromium ions, a complexing
agent comprising a formate or an. acetate or. mixtures_
' thereof present in an amount in relationship to the
30. concentration of the chromium constituent and typically
present in a molar ratio of complexing agent to
chromium ions of 1:1 to 3:1, a bath soluble and bath -
compatible vanadium.salt present in a.concentration
to provide a vanadium ion concentration of at'least'
35. 0.015 grams per litre (g/1l) up to about 6.3 g/l as a
reducing agent for aﬁy.hexavalent chromium formed
during the electroplating process,'ammonium ions as
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* 25- ‘el ectroplating-bath ceases to.be maintained. More particularly,,the
ékectrolyte can. broadly contain 0.2 to 0.8 nolar trivalent chromumions, a
compy®xi ng agent conprising a formate or an-acetate or.nmxtures thereof
present in an anmount in relationship to the 30. concentration of the/ N
chr owf'um constituent and typically prqfent_in'a nolar ratio of conpl

agent to chromumions of 1:1 to 3:1, d bath sol uble and bath conpati bl e
vanadium salt present in a concentration to provide a vanadium ion

~ concentration of at |east 35- 0.015 grans per litre (g4l) up to about 6.3
g/l as a reducing agent for.any. hexaval ent chrom um forned during the

el ectropl ati ng process, ammoni umions as 4. a secondary conpl eti ng agent

present in a mMpagekdhidary HHPIUMNG GddhOBrERE 240 4 ho1ds: Fathal i de
ions, preferably chloride™and brom de.iong, present in a gﬁgi% rati o.of

hal i de-i ons t o- Bffr SAFPRALBHEbrehyopium of 24Q2 4 kq: 1hnt, fg lons,
bat h. sol ubl e sablrefeably’ oMM A Birdmidé Yiswaprpbeseneofnaki bl e
e At o naatn g daidTe Yol o VG okl ShuCopl ua L BRAT L8 BERGHT
sodi um f | Bobor au—.e-cmrm{k;i one drlteore mﬁmrsmpaédsaltsi tt:q $nb§easeidn' . H
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of . 2.5 to 5.5. ©ife séivony doiids mclops dipdigchbotiprefesubphpris. :
al so-contain. a. QUi NY AV S Wl A RHAE, 3810211 metal or ammonium
' ' salts thereof, of which sodium fluoborate comprises a
10. preferred conductivity salt, and hydrogen ions present
to provide an acidic electrolyte having a pH on the
acid side i.e. of below 7 e.g. less than 6.5 or 6.0
~ and especially of 2.5 to 5.5, | : .
_ The electrolyte may optionally,.but preferably,
15. ‘also .contain a buffering agent such. as boric acid
typically_present in- a concentration up to about
1 molar, a watting"agent present in small but effective
amounts of the types conventionally employed.in
o ~chromium or nickel plating baths as well as controlled
- 20. effective amounts of anﬁi—foaming agents. Additionally,
' the bath may incorporate other dissolved metals as
optional constituents such as iron, cobalt, nickel,
mangaﬁese-or-tungsten in such instances in which a
chromium .alloy deposit is desired. :
g 25. In accordance-with'the process aspects of the
present invention, .the electrbdeposition.of chromium
on a conductive substrate. is performed employing an
electrolyte bath in accordance with the present
invention at.a.temperature ranging from about .15° to
30. about 45°C. The substrate is cathodically charged and
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‘typically present in a concentration up to about 1 mol ar, a wetting. agent LJ

present in small but effective amounts of the types conventlonally

enpl pyed. in chrom um or nickel plating baths as well as controlled 20.°
effve anounts of anti-foam ng agents. Additionally, the bath may .-

i ncoxpbfate other dissolved netals as optional constituents such as |roﬁv’
cobalt, nickel,. manganese or Pungsten in such instances in which a
chroniunTaILoy deposit is desired. 25. In accordance with the
process aspects of the present invention,..the el ectrodeposition of
chromium on a conductive substrate.is performed enploying an el ectrolyte
bath in accordance with the present invention at.a. tenperature ranging

from ab [ 0 re cathodical ly
charged%ﬁ% &’H‘éﬁf‘nﬁ j'sh %Bﬁ%tkg 3]tpos te t currer# densities ranging

f r om abatan@ing ofueBUAbORSOSANBer abowE: 254U Ampenas HerSRqEaTet o 27 anper es
per squafﬁoge(:hgﬂ RS, ﬁ@@kﬂ?&h%@r&se?@x‘)%féﬂ pdodes such as 5.

car bon ini zed titanium o [atin substrate, prior to chrom um
pl ating, A%D)shbjlélé?béIYt smpdeydng dngclnbde Suehl 3% eferably is

pr5)w dec’céﬁﬂs&i?‘ pilgkehipbat Ei@‘éﬁﬁ.uﬁ"kﬁh ﬁl’lﬁ:zﬁ‘hﬁ@m umpgleposit is applied. €

In accordance with a further "process, aspect of the present

| nvent | FHPREERER 0| PEESTOFOL FBTOMLMR BtdRDmidfn $PRIeTHRL HERave been
render edcoeOREBOhHE Pretiebitintn®sl i prefnailly ais oprovidedaval ent -

chron1un1ith & nickel plate over which the chromium deposit is
applied. S :

10. In accc:dance with a further process aspect of
the present invention, electrolytes of the trivalent
chromium type which have been rendered_inbperative-or
inefficient due to accumulation of hexavalent chromium
ions, may be rejuvenated by ‘the addition. of controlled

15. effective amounts of the vanadium reducing agent to
reduce the hexavalent chromium concentration to levels

. 'below about 100 parts per million (ppm), and prefer-
ably below 50 ppm at which efficient chromium plating
can be resumed. : _

20. In accordance with the composition aspects of the
present invention, the trivalent chromium electrolyte
contains, as one of its essential constituents, tri-
valent chromium ions which may broadly range from 0.2
to 0.8 molar, and preferably from 0.4 to 0.6 molar.

25, Concentrations of trivalent chromium below about 0.2
molar have been . found t6 provide poor. throwing power -
and poor coverade in some instances, where concentra-

. tions in excess of about 0.8 molar have.in'some'
instances resulted .in precipitation of the chromium

30. constituent in the. form of complex compounds. For



i ons, nay be rejuvenated by the addition. of controlled 15. effective
aﬂbunts of  t he vanadi um reduci ng agent to reduce the hexaval ent chrom um

conc€ntration to | evel s bel ow about 100 parts per-nillion (ppn), and
prefe¢ ably bel ow 50 ppm-at which efficient chrom um plating can be
‘restwed. 20. I n accordance mntg t he conposition-aspects of t

present invention, the trival ent chron1un1e|ectro|yte contains, as one of
its essential. constituents, tri- valent chrom umions whi.ch may broadly
‘range fromO0.2 to 0.8 nolar, and preferably fromO0.4 to 0.6 nolar. 25.
Concentrations of trivalent chrom um bel ow about 0.2 nol ar have been
found.to provide poor.throw ng power and poor coverage in sone i nst ances,

where concentraghid ORSasdnex£ess presbevbdOtd MRHALaAAYLheN t3AR It ances
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sd npl e aqheous sﬁlaﬁyeshmpleoagaeobbessihbleuahdasoMpahthha(Sdltishch
hexahydrate, ghéﬂ@&ﬂgﬁ@ %ﬂ@é&ﬁaephsk %?E%t HQ% £ |ons Mgk ONS are

i ntroduced as ron1un1 econo A second
essenti al onstmmlph@tethel’z;eﬁetablyt,ethe chriomimm digpise aney Jagzmdu@d

ggmj‘t Ieé'nng the gbr oo GRANShEpHERE Ebﬁsé%nfo*ﬂii% YA A drds ) "
- A second essential constituent of the electrolyte

'10. is a complexing agent for complexing the chromium

- constituent present thus maintaining it in .solution.
The complexing agent employed should be sufficiently .
stable and bound to the chromium ions to.permit eiectroF
deposition thereof as well as to allow precipitation
- 15.  of the chromium during waste treatment.of the effluents. .

' The compiexing agent may comprise formate ions,
acetate ions or mixtures of the two, the formate ion
‘being preferred. The_complexingnagent may be employed
in concentrations.ranging_from 0.2 . up to 2.4 molar as

20. a‘fdnctiqn of the trivalent chromium ions present.

The complexing ageht is normally employed. in a molar
ratio of complexing agent to chromium ions of ' from
1:1 up to 3:1 with ratios of 1.5:1.to 2:1 being
preferred. Excessive amounts of the complexing agent,

- 25, for example formate ions, is.undesirable since such.

' excesses have been found in some instances to cause
precipitation of the chromium constituent as complex
compounds.

A third essential constituent of the electrolyte

30. comprises a reducing agent in the form of one or more

"



" The conpl exi ng” agent enployed shoul d be sufficiently stable' and bound to

the chromumions to.permt electro- deposition thereof as well as ito aIIowNJ

precipitation 15.' of the chrom um during-waste treatnent-of the effluénts.
The @rrpl exi ng agent may conprise formate ions, acetate ions or m Xtures—.
of -t two, the formate ion be7pg preferred. The conpl exi ng agent may be»*
enpl oyed in concentrations ranging fromO0.2.up to 2.4 nolar as 20. a
function of the trivalent chromumions present. The conpleting agent is
normal |y enpl oyedin a nolar ratio of conplexing agent to chrom umions of
from1:1 up to 3:1 with ratios of 1.5:1 to 2:1 being preferred. Excessive
amounts of the conpl exi ng agent, *25. for exanple formate ions, is

undesi r &Ath sﬁ%@blecmdegospgsébaav@ab@ddmmﬂﬁm.mz_mstzances to cause
broci Pl i | Aihale | B8 SE6RTRNTLC YaRal RN 4 of® AT ANBOES. A (1T
essential constituent”o e electrolyte . conprises a reduci ng agent
in the fa% AeAsen@.8i5n8/2 up ko ﬁaﬁhggahubﬁ§QQﬁ?(ﬁﬂﬁﬂﬁﬁﬁﬂ%fvanadlun1sa|ts

present dhadi eae BEOHAYEraclgNadreBY ¥he UPHUL R e Oof at | east
0.015 g/l , up to 6.3.9/l Excess ambunts of vanadlu Ppear to adversely

. efXect t¥he cﬁﬂiﬁ‘é??%%YB? 5in somg. iBsEances, Gausing Aa** nst ances causi ng
- dark strati Hbohs metnéab@adepa&pbsa&d ahd %dl:@duﬁtidh tiye gheting rate.
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concentrations of from 0 2 up.to 1. g/1 are satisfac-
_ tory to maintain.the.hexavalent chromium concentra-
10. tion in the electrolyte below about 100 ppm, and more
preferably from abou£ 0 up.to about 50 ppm at which
optimum efficiency of the bath is attained.
The vanadium. reducing agent may be introduced
. into the electrolyte as any one of a variety of _
15. vanadium salts including those of only minimal solu-
bility in which event mixtures of such salts are
employed to achieve the required concentration. The -
vanadium salt may comprise any one of a variety of
salts which do not adversely effect the chromium
20. deposit and include, for example, sodium metavanadate
(NaVO ); sodium orthovanadate (Na3 47 Na3V04.10H20,
Na3 4.161-1 0); sodium pyrovanadate (Na4vzo7), vanadium
pentoxide (VZOS) ; vanadyl sulphate (VOSO 4) ; vanadium
trioxide (V203);_vanadium di-, tri- or tetrachloride
25, (VClz, VC13, VC14): vanadium trifluoride (VF3.3HZO);
vanadium tetrafluoride (VF4); vanadium pentafluoride
(VFs); vanadium oxy bromide (VOBr); vanadium oxy di-,
or tribromide (VOBrz, VOBr3); vanadium tribromide
(VBr3);,ammonium.metavanadate (NH4VD3)1_ammonium'vana-

30. dium sulphate (NH4V(SO4)2.12H20); lithium metavanadate



ég:- t|on in the electrolyte bel ow about. 100 ppm and nore preferably from
out_Q up‘to about 50 ppm at which optimum efficiency of the bath is :
attar\ed The vanadi umreduci ng agent may be introduced into the .
el ectrol yte as any one of a variety of 15. vanadi um sal ts i ncl udi ng thosé
of dﬂTy m nimal solu- bility in whichgevent m xtures of such salts are

enpl oyed to achieve the required concentration. The vanadium salt may—=

. conprise any one of a variety of salts which do not adversely effect

- chrom um 20. deposit.and include,, for exanple,* sodi um netavanadate

" (NavV®3); sodium orthovanadate ([err], N err]0); sodium pyrovanadate

([err]); vanadium 3 4* “pent oxi de (v205) vanadyl sul phate ([err]; vanadium
trioxide (V203) {Lywoqd | poﬁarssitmr mamaawm ): €hElltum] ;

vanedh m 1 g R i S R Al ey o
tribrom de (VOBag, wﬁGBr&ﬁ mmmtntesnﬂheﬂauﬁnde (VBr) annoni um et avanadat e
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preferred to further incorporate n the electrolyte
controlled amounts. of conductivity. salts which
typically comprise salts of .alkali metal or'alkaline
10.  earth metals and strong acids such.as hydrochloric
acid and sulphuric acid. The.inclusion of such
conductivity salts is well known in the art and their.
use minimizes power dissipation'during-the electro-
plating operation. Typical conductivity salts include
15. potassium and sodium sulphates and" chlorides as well
as ammonium chloride and ammonium sulphate. A
particularly satisfactory conductivity salt is fluo-
boric acid and the alkali metal, alkaline earth metal
© and -ammonium bath soluble fluoborate salts which
20, introduce the fluoborate ion in the. bath. and which has
been found to further enhance the chromium deposit.
Such fluoborate additives are preferably employed to
provide. a fluoborate.lon concentrationtof.irom 4 to
, 300 g/1. The metal .salts of sulphamic and methane
. 25, sulphonic acid may. also be employed as conductivity
| salts either alone or in.combination. with inorganic
conductivity salts. Such conductivity salts or _
mixtures thereof are usually employed in. amounts up to
about 300 g/1 or higher to achieve the requisite
30. - electrolyte conductivity and optimum chromium
"~ deposition. o - '
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preferred-to quther incorporate in the electrolyte controlled amount s- of L

condugti visty. sal't's whi ch typically conprise salts.of.alkali netal or, - : W
al e 10.. earth netals and -strong acids such as hydrochloric acid and !
. Su i.c acid. The. i ncl usi onof such conductivity salts is well known —~

_inyHe art and their use minimz®& power dissipation during the eIectro-fgé
pl ati ng operation. Typical conductivity salts include 15. potassium and
sodi um sul phates and chl orides as wel| as anmmoni um chl ori de and anmmoni um
sul phate. A pEtthasal albp beensohseavied: dhdicttihe tammeniums | uo- boric acid

and t he al & %gﬂQ% un1bath sol ubl e
quoboratefgg ts m%he e%%%%Ul?%trgﬁhce t ehF?qg%orate ion in the bath. and
whi ch has %ﬁﬁﬁciénﬁﬂ P& thet Nanadinmm constd tianthi £oK RepRMe¥t- Such :

quoborateiﬁgdbh vggxayglghqf@hyamﬁdmny tgbrgﬁwaggtfluoborate i on
congentration from4 to 300 g/l The salts of sul pham c and
nethane 25V31e§EI§FBFPc aBRFEigr Qﬁﬁﬁi VTR i vity salts

ei ther al oaeeoachmeeeaba&amramﬁaltﬁwrmrﬁdtamraim:tmy salts. Such
SOnuCt L SEh pmTt E° SHGY L S b OVeY, LT arount s
conducti vi 1y: 3pdangt prefeciabdyiufimap@=iX itn.7: 1. 9 The has also been _
cheerved AfhobifmcTERY, Wikl 00 At e ity Sl the redueing
10. ammonium salt of the complexing agent such as
- ammonium formate, for example, as well as in
the form of supplemental conductivity salts.
The effectiveness of the vanadium reducing
agent in controlling hexavalent chromium form-
15. ation is alsc enhanced by the presence of the
halide ions in the bath of which chloride and
bromide ions are preferred. The use of a |
- combination of chloride and bromide ions also
_ inhibits the evolution of chlorine at the anode.
20. While iodides can also be employed as the halide
constituent, their relatively higher cost and low
solubility render them less desirable than chlorides
or bromides. Generally, halide concentrations o
_ of at least about 15 g/1 are preferred to achieve
25, sustained efficient electrolyte operation. | |
' More particularly, the halide concentration is : -
preferably controlled in relationship to the
chromium concentration_present_and is controlled -
at a molar ratio of 0.8:1 up to 10:1 halide to
30. °  chromium, with a molar ratio of 2:1 to 4:1
being preferred. '
_ In -addition to the foregoing constituents, the
bath optionally but preferably also contains a



. - 5. val ent state.
;any hexaval ent chromumfornmed to the tri _
Partl y arly satisfactory results are achieved at nolar ratios of total

[ ' [ [ d prefera
chromumion ranging from2.0:1 up to 11:1, an
oMt to 71 The ammoniumions can in part be introduced as the 10

o

from®.1 to 7:1.

amoni um salt ‘of the conplexing agent such as ammoni um formate, for

exanpl e,

as well as in the form of supépenental conductivity. salts.

[ trolling hexaval ent
tiveness of the vanadiumreducing agent in con
gLIgﬁlun1forn} 15. ation is also enhanced by the presence of éheTEaluse
ions in the bath of which chloride and bronide ions are prefeLre Iu$|on
of a conbi nation of chloride and brom de ions also inhibits the evo

of chlorine at
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hal i de consti tue%lt ?ﬁﬁﬁ‘f aé?%? ¥B| 1 ARRERt 9L akewt QwlSomediax tup rander

then1|ess desir

& t9plub il bty dewhdechbansudes. tgpaeaalky, raid %2 £o

_ dt achleve
ConEaThad el AP SRt B ok eneiusion ahaben ce
sustalned efficie el ectro oper troll d E nsblﬂsththQ7Gh
cqoncentration i E&Q&H%ﬁ%ﬁhtl%lced raolielafiro

iy 4 4M
celeii] PEel | s Godt-{ 8! at g tyo 1l upto
ignieﬂg{aggo?opgo lc ro;?in] i@ ég'gﬁnlar E #38 8% é°f8FbaEiP B8 ng

pref erred.

In adfikd AF t‘i}"? I"I%-U‘F%;-'ég‘é?hglcandt ammeonism thataith

but preferably diheo rffertiteg dagent also is effective to introduce

15.

0

10.

borate ions into the electrolyte and these have been

edilofongd | y

found to improve the covering power of.the electrolyte.

In accordance with a preferred. practice, the borate
ion concentration in the bath is controlled at a

- level of at least about 10 . g/l.. The upper level is

20.

25,

30.

not critical and concentrations as high as. 60 g/1 or

- higher can be employed without any apparent harmful

effect.

- The bath further may also incorporate as an
optional but preferred constituent, a wetting agent or
mixture of wetting agents of any of the types
conventionally employed in nickel and hexavalent
chromium electrolytes. Such.wetting agents or sur-
factants may'be anionic or cationic and are selected
from those which are compatible with the electrolyte
and which do not adversely affect the electrodeposi-

- tion performance of the.chromium. constituent.

Typically, wetting agents which can be satisfactorily

- employed include sulphosuccinates or.sodium lauryl

sulphate and alkyl ether sulphates alone or in
combination with other compatible anti-foaming agents

-such as, for example, octyl alcohol. The presence

of such wetting agents has been found to produce a



10. buffering agent in an anount of about 0.15 nolar up to bath solubility, 7
whi ch anmounts typically range up to about.l1 nolar. Preferably the - -/
“cofftentration of the buffering agent is controlled from0.45 to 0..75 ol ar
&» calculated as boric acid. The use of boric acid as well as the
aNeal i netal and. ammoni um salts.thereof as the buffering agent also is ®
effective-to introduce. borate i¥dnms into the el ectrolyte and these have been

found to inprove the covering power of.the electrolyte. 10. I n accordance
with a preferredpractice, the borate ion concentration in the bath is
controlled at a level of at |east about 10 g/l.. The upper level is not

critical and concentrations as high as..60 g/l or higher can be

enpl oyed, wi.Lho s ' t rther nmay.

al so i.ncgy'\%%_?a#iemggﬁé%o g%{plg()yrlieatlh a%‘;tﬁi%eq é@%ee {é&(;%é??%%gnpé ga\%/gtt'i ng agent -
or nixt umetblededepogitgemnd @rawidisig tfor timprovedvenvesagel y enpl oyed in
ni ckel. apq RE¥ALALEAn Gens ity UUUR C! YL TL VEERaL 1 VHEY HELRI NG agents of

sur- factants may be anionic Or cationic and are select om t hose whi ch
are conpgengeatEptionse off aunghoMatting agerts RrecRobdPaESEFR-af f ect the

el gctrodeResy- hhlrfiFulS! B 1dde grddeas UPh&RNEbbRYER! . - 25.
Typi cal |y, mettlngﬁggents whi.ch ca be_satlsfactorllg%e | oyed include
sul phosudERMaPEY ddtgyhave hnsp gq}ﬂﬂ\a"t’é Spme A ngFaReaEr tQyl phat es al one -

or in copkbAatk0d Wazy ddipRisidPAcsdrdbidly | Otlié NgeBEEALS agEakR ,aS, for .
exanpl e, octyl a coth: ThetPrgEeQ§%130.l_ gfaégggnggnggg aggnts has been
f ound towgﬁﬂdﬁeg oyed, is usually controlle _ io
~ less than about 1 g/1, with amounts of 0.05 to 1 g/l
10. being typical. - ' ' '
It is -also contemplated that the electrolyte can
- contain other metals including for example iron or.
manganese in concentrationsyof.frcm.ofup.to saturation
or at levels below saturation at which no adverse

15. effect on-the electrolyte occurs in such instances in
which it is:désiied-to.depqsit.chromium alloy platings.
When iron is employed, it is usually preferred to
maintain the concentration. of iron at levels below
about 0.5 g/1. . - -

20. The électrolyte preferably further contains a
hydrogen ion concentration sufficient to render the
electrolyte acidic. The concentration.of the hydrdgen
ions is broadly controlled to.provide a pH of from
about 2.5 up to about 5.5 while a pH range of 3.5 to

' 25. 4.0 is particularly satisfactory. The initial
adjustment of the electrolyte to within the desired
PH range can be achieved by the addition of any
suitable acid or base compatible with the bath
constituents; hydrochloric.or sulphuric acids or

30. ammonium or sodium carbonate or hydroxide are



cl ear chron1un1dep05|t avoi di ng the production of dark nottled dep05|ts and
prbV|d|ng for inproved coverage in |low current- density areas. e -
relaf\Ver hi gh concentrations of such wetting agents are not payfijcu- 5.° -
larly harnful, concentrations greater than about 1:gram per |i ave been
four® in sone instances to produce a §zy deposit. Accordingly, the wetting
agent, when enployed, is usually contrél*l ed at..concentrations |less than
about 1 g/l, with amunts.of 0.05 to 1 g/l 10. being typical. It is also
fcontenplated that the electrolyte can contain other metals including for
“exanpl e iron or. manganese in concentrations of fromO up to saturation or
at |l evels below saturation at which no adverse 15. effect on the

el ectrolyte occ ch C&fel

chr om umyal | qy ?afléggéa V\hglr@?'r n%?xg g&r?\g]oyeame P%T s%e%fi&ﬂﬁ?ér Fed to
mai ntai n the corteatralyse Bas ar &snétenlcavém heqane Mexe i)‘-‘ |an@o.

The electrolytea§§§355 k¥ gﬁrh Eﬁﬁp%ﬁ§_T e by gﬁ?mgggtratlon

sufficient to render the eléectro yte acl e concentr on, of the
hydrogen ions i3d8itaanyodobrses s¥cho 3% Alikfd i Matak 9F ARBIRAMM2. 5 up to

apout 5. Sgphi | eh_r%dﬁbkﬁ.aéﬂeo@f c%r@oh%.t%’% off vhilch RHd | Gdheriivm salts

Gosi Ted b | angBReaREBECRERRL ) ea%%%%?f%e%&iﬁe%@ d or
rase conpati bl ethet Aminbaibm konetdtivenantin. dhelteeioric. or sul phuric acids
or In accordance with the process aspects of the
_ present invention, the electrolyte as hereinabove
10. described is employed'at_an_opérating.temperature
ranging from about 15 .to about 45°C, preferably 20°
_ to 35°. cCurrent densities. during electroplating can
range from about 50 to 250 ASF (5.4 to 27.ASD) with .
densities of 75 to.125 ASF (8.1 to 13.5 ASD) being
15, preferred. Thefelectrolyte.can.be.employed to plate
. ‘chromium on conventional ferrous or nickel substrates
‘or on stainless steel as well as on nonferrous sub- .
strates such as.aluminium'or'zinc. The electrolyte
can also be employed;for chromium plating plastic
- 20. substrates which'have”been:Subjected to.a suitable
pretreatment according to well-known techniques to
provide an electrically conductive coéting’thereover
such as a nickel or copper layer. Such plastics
_ includes ABS, polyolefin, PVC,. and phenol-formaldehyde
. - - 25, polymers. The work pieces to- be,plated are subjected to
conventional pretreatments-in accordance.with.prior art
practices and.the_process'is.particularly:effective to
déposit chromium platings. on conductive substrates
which have been subjected to.a prior nickel plating
30. operation.



30. __ ammoni um or sodi um carbonate or hydroxide are 12. preferred.: R
the use of the plating solution, the electrolyte has a tendency to W

~

~ be nore acidic and appropriate pH adjustrments nmay be effected. by the

~addition of bases such as alkali netal or anmoni um 5. hydr oxi des or _

" carbonates, of which the amoni salts are preferred.in that they . . %
simul taneously replenish the a 1°um constituent in the bath. In

accordance with the ‘process aspects of the present invention, the

el ectrolyte a he RMROVA b rop HOSIHd sk 5t £6B)| O¥RE @brRN
operating;ten%g?gﬁﬁte raﬁgin -fﬁ%n1abé% 15, t0 about 450C, preferably 200
to 35 C. Piegescaredaafibaddcahiy hax r R PRER range from about 50

tA gD5250bA§Ec61 rfa%e%7fa°~$a)i§/&}51feh®&lsdéi@ﬁ @fmiﬁ_efﬂablZﬁhABH (3. 1 toI 13.5

\SD) . bein . referred. e el eciral yte.can be. e ed to plate.

chrom un?éilcaﬁeﬁ%v&ﬁelfyer?ﬁ%"to’r W%kwgﬁbg?rﬁ%gagﬂ’g§ st ai nl ess’ st eel
as well @sthn mhef @ledtrclyte catpasbisionch Berathdsni um or zinc. The

el ectrol yte can al sq _be | oyed. for ] tLRg. astic 20.

subst r at BYTRASEN soeoxpagh'y %%%dn%@oég%gr%géﬁeaggefrggat"m'ant accor di ng

to wel | - exampilet,ccanrbpres dre prefekred althovgbabtherodderti ve coating .
t her eover ' r I I- khelkudes ABS,
ponoIefFﬁ§%%%C?% gﬁ%hgﬁgﬁgﬁiforna Jgha%g 3%;y£95§|§§%r§§SbT %'mork ' _
pi eces. t empdpyedsd Ihens shjchrauiwe-toen calliovalspket Peafigents in .

| ?;’Cé&fﬁ‘%ﬁﬁr We," gl Undiid WP ShEEROEF b NEoRLEEER of iron
' which.%fSelf will serve as a source of iron ions in the
bath. ,
In accordance with a further aspect of the o
process of the present'invention, a rejuvena;ion of a
15. trivalent chromiumgelectrolyte which has been rendered
ineffective or inoperative due to a high concentration
of hexavalent chromium ions may be_achieved by the
addition of a controlled effective-ampunt of vanadium
reducing'agent or an additive composition as described
20. above. Depending upbn the.sﬁecific composition of the
trivalent electrolyte, it may also be necessary to '
add the other constituents of the additive composition
or adjust their concentrations ih the bath within the
broad usable or preferred ranges as hereinbefore .. :.: .-
25, .specified to.achieve optimum plating performance.
For example, the rejuvenant may comprise a concent-

- rate conteining suitable vanadiuﬁ salt in further
combination with halide salts, ammonium salts, borates,
and conductivity salts as may be desired or -required.

30. The addition of the vanadium reducing agent can be
-effected'ae a dry salt or as an agqueous concentrate
in the presence of-agitation-to.achieve unifonm-



depesft chrom um pl atings on conductive substrates which have beﬁgéa
'§dbjected to.a prior nickel plating 30. operati on. 13. Duri he
elecf\oplatlng operation, the work pieces are cathodically charged and t he:
bat'h~ i ncorporates a suitable anode of a material which will not adversely
afféwt, and which is conpatible 5 m?é the electrolyte conposition. For
this purpose anodes of an-inert nate I such as, for exanple, carbon, are
preferred al though other inert anodes of platlnlzed titani.um or platlnum
"can al so be enployed. Wien a chromiumiron alloy is to be de- 10. posited,
t he anode may suitably be conprised of iron which itself will serve as a
~source of ironions in the bath. In accordance wwth a further aspect of the

process of the pfeseat 'ﬂﬂéniiﬁé nécéﬁhﬁfﬁn%b'QBsQBr@ the Ple@iilyte
chromium el ectrol yte_ whi ch has been rendefed ineffective or inoper atlve due

to a high conce‘%ﬂr%ﬁ%ﬂiﬂth@&?%éﬂ? vhldnVaryi §ePerdinge WRah by the
addition of a Cé&ﬁééﬂtﬁﬂtf&ﬁeﬁfl ¥Be gyl mehtuddadkaalRMi4Cidchroadait or an

compos, Li on of PHRSERE vARGrVLLE CBBRaHHToTaPEenEToR o bed bk s S o | 'agd
tshe ot hers constfiwnh:Bnnf:es hapatdi abvetcawposirt mtreohcaxi]sust THeei r
e oS b RPL e L HBbhE Soed s BB P e =
* an electrolytic treatment of the bath following
addition of the rejuvenant by subjecting the bath to
a low current density.df 10 to 30 ASF (1.1 to 3.2 ASD)
10, for a period of about 30 minutes to about 24 hours to
effect a conditioning or so-called "dummying" of the
: bath.before.commerciai plating operations are. resumed.
: The concentration of the vanadium ions to achieve
rejuvenation can range_within the same limits as
15, previously definéd for the operating electrolyte.

The invention may be. put into'praétiée in various
ways and a nunber of specific embodiments will be _
described to illustrate.the invention with reference
to the accompanying Examples.

20. EXAMPLES 1 to 36

' ' A series of trivalent chromium electrolytes were
prepared having compositions as set forth in Tables
1A to 1C. | |




anple,.-the rejuvenant may conprise a concent- rate .contai ni ng
e vanadiumsalt in further conmbination with halide salts, ammonium -/
borates, and conductivity salts as nmay be desired or required. 30.

The addition of the vanadiumr I ng agent can be effected as a dry sal t-
or as an aqueous concentrate in the presence 'of agltatlon to achi eve -;
uni form 1 xlng 1h m_naeqsse} _ t-he; ol yte to
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rej uvenatfi on at ngnt . fcan al_so_ajvartag ou Iy i nvplvg an lytic
treaghent & tﬁe bt o oviirlg ‘apdf i Bl oF [t g Ff ubd n&. JeCtI ng
the bath]to 4 low current demdityfof 110 ¥ ™30 ASEFI¢1. ¥ to ) 10.
for a peniodjof pboyt 30 .mjnuties o dbour 24 hoursjto leffp cpndi tioning
or sgycalll g |"gu Ing't &.jt bl hi Qekof ando reyah pbﬁ d Sb rations
ar e. resurfedY |TWef cofjcentt Fali ¥r} of | t hd Fahadilum § ong. tq &hi ey® ¥ Ej uvenation
can rangg=wrttt-n-tire-sare—intts— 415 —-prrevtousty—cet |_cuI o t he
operatind ebdcerpl ytteew {Teli nvient | om ”ﬁl ba puti i nt oe'np T| i @gnian| vari ous -
ways®and ja WYnTef off spﬂecﬂj_‘i._c_ enbpdi fefitb &ifl | pe e.s.cri"oed ‘tld &) lustrate
t he i nvegtio—wirTefe tfregceoppan y1'| amgresT2671. _
EXAMPLE 1¢q 86} At derd v of ttfriwvhl ertg}:nr\mﬁ-u e#'élctlrolg e-s”wme . B s
xQ (&) (o] - L) ) 4 -~ i sl e o .
. . -l 1 - . -3 i , N <
z‘! _ _ _ ]
ol . B ] wv) © ni Ao
M~ =\ o } (3] -] i I L (=] - . o=~i 1 ] L) oo o
> 0 -~ o] o ~ N 10
g Nl o~ tn] ] - u'nn
e & ol VS el 1 ] Al el ) b el efee
N - ~]. .~ o _ Bk
z . . " 1
o ) 1 i} ™ [Te} - N o
n O o o f N t t I i (=] d { ] i < sf o o
| N1 = ot © ~ o<
5 of of 1] ~u} 1 Wl ] ol wl 1l <] 1] w]| Alhe
<« al =« ol st | = < -rz .
] : -
ﬁ i ol n D
> ) ol o 1} «} 1 1] 1] 1] o} o] At} 1] w . .
ol o ) ) Q i e ION N
' o~ ol on N un _'-qu}sc
~ ol el 1]l ol s eal 1} ] eap of 1] 0} v} <] eFee
N <r L] Q. N <
: ™ n| n ;) u!}c
- of of 1| a < ot 1} o} «&f f 1] ¢t} 1t} <] e~}
N b -l (=] ol N
. | o § *
o) ' ) 3 ol o] &
sl 31 of of 81 of 3| 3| 8| & & ¢
9| E gl ®] St v O} Nl -} M| &
= Sl Al A =] 0} B O] &) &
Rl ol & & =) wl =] <] o] o} ] ¥
. ol m] ] =] 2] el O] 2| 1} ©o|] 7| @
0 & = 31 91 ) - U] m{ 3| ] =} ©v] ¥
Z =| un El “i w0 - I - - Al &
| g g 3 El 9} 3| § g &l B § vl o
9@ H{ Q vl B 3 o 3 -
= Al A A u] > g| =] 8] w| A S| 8] A| A v
<} ) !l ol w] 3] g 3| w] g g] 3] 81 8| v} ©
5 ] o] o} o} -l 0] ] ©] O] O} ] O Al w
ol + S s8] © 1 8 ¥ ] Hi M
X Z| = g of 8 © g o] © g E Q g ol 3l =
= I &) pul 1 0 ] B @ [} vl o




ared having conpositions as set forth in Tables A to IC

Q) © . . |
8 S°GlOV ]| GG | owv] ss] ov| SS[SS|]SS[Ov[]SS[SS ndl
= S |-s'zgls°z |-g°z |-q°z|-g g|-p-2|-G°¢|-G'g|=G ¢|-G"¢|-G'C|-G'¢ . .
o 5ol T° 1 'L RS IR B S B S B S A S B S B S B quejoejang| -
Too<S0o : .
- i [ sv | sv | sv | sv | sy [ sv |sv |sv |sv [sv | sy |sv " POV otx0g
S 5 [ ss | ett| ett | etx| = | - | - | SS | - | Etr| €1 - | oIeucdms sueyisy wnyuounry
T o ftss | wvrt] - [ - |wtt] vtt] - o9 [o9 [vTI] - [ o1T Syeweyding unfuouwwy
—_ B . . . 1
- ~npotr| - [ott |- [otrf - [orr | otT| oTT| - [ OTT| OTT o3e10qOoNTd WNTPOS
C| ]1] . : : . _ .
— Efco [so] s0o]s0o]| so] sofs‘o | sco] s*o] s-of s*0] s°0 SPTWORE WnTUOUNY
— — Erl_ . . ] "
s 'L~ - - - 06 | SC | o6 | 06 | 06 | sz | 06 | 06 . SPTIOTYD WnTUOUIY]
- 5p- = =1 - 1-1-1-1-I- -1-1- SPTIOTHD ___3338__
W A Mmmj G | s¢ G | 9C¢ | - - - - - -] - - oc._".uo.n:o ssﬂcom_
= ! O_U.__L 99 CEeT 99 CET| 99 CET| CET| 99 99 | - - - "o3eyding Ez.n:o,.zi_
m%_ i B - - - - - - 9L 9L ¢TI | 9L 9L o3eyding E:..Gom_
—_ l - : . .
o2  pe z z |z |z e e |z [¢ z | ¢ |¢ \_o3eydIng H%SE,_
< v $ - - - - i M - - - -1 - - @3eux0d E:..«.mmmuo..__
« 3 0S ob os | ov | os| ov | 06 | .06 | 06 | OW] 0S | 0S 93eux0d UMTUOoUIN]
= Poz [ oz| 9z | oz | 9z | oz | 92| 9z |9z | oz] oz [ 9z SuoT _, 3D
° /5 *NOTLVaLNAINOD ° INATGTUONT
0 o ’ N ‘ . .
<7 ve € gz Tz 0z 6T 8T LT 9T ST ¥ €I *oN eydurexg
< €1 @14V
o .
N 5 A~ -
— N O -
a_.. - Zo



0 4

NL

I N .
In
E4

In

4 7z

[err]

N

AN

I.n

[err]

I~~g U

0.0
~N 17,

| n4MD'

E-t

3-4

-

U [erryﬂ] X [err]

%0 .

!\@r] [err] Go
o N,

LY

=
S
l
l
l
S -
B N A B D D B A A B I . nd
“|-g2|-s°z | sz |-S'ets°z ts°e |-G-gl-G°g|-S'¢|-S'¢|-G"¢C|~S"¢C
At I ST I S I L I S A R N N BN Y S I S A Y A Jue3zoezang
! : . ] _ _
| skf sv.| sv | oy [oOv| OV |Gy | Sy |Sv|Sh| Sy |GP . P9V otI0E
i parowe - -1-1-1-1-1- €TT| sS | €TT| - Seucydng ouey3en umFuounry)
m R - - - - - pIT} Ss - PIT | ajewreyding Esﬁsm._.___&
n - - 1-1=-1=-1- 1= 1~ | otr| otr| ot @3eIOqONTd WNTPOS
s'0| - |- 20| - |s0|so0]so0]|s0]so0]so epTWOlg WNTUOUNIY]
06 | 06 | 08 |08 | 06 |06 ] 06| 0S| 06|06 |06 © epTAOTUD umMTUOUMIY)
| |- |- 1-1-1-1-1-1- Sp1I0TUD WNTEs¥30d
= =1 =1 -1=1=1-1=-1-1T-1- IPTIOTHD unTposy
=2 - - - — | - 1T zetl = -1 -1- |- | s3eyding wntuoumny|
=- ] - - | evt] evt| evt| - | Tvi| - -1~ 1- - e3eyding untpog
o2l ¢ z v | v | A 2 |e¢ | ¢ |e (4 \ @3eydins Aucwcmg
e . . .
pe - - = - i - - - - |- - 1 93jeuIod WNTSSL30d|
l —f— e ) .. )
=05 [ os [ o8 | ovjov [ov Oy {Ov | 0S]|0OS [oOS 93PWIOJ UMFUOUNY
£C |- 9¢ 9z | oz | oz] oz | oz.] oz | o2 9z |9z |9z | . BUOT D
LR | /5 NOIIVMINAONOD - - . _ INITGIIONT
— !96— GE PE €€ 2Z€ TIE OE 6 87 LT 9T &C . "ON erdurexy
T L35 : | DT aTava |



Q  ° U-i A [err] i 41 - IVO 4 ‘4
A 0 0 g Re - Jerr] 18. The particul ar sequence of
addlfﬁbn of the bath constituents during bath make-up is not critical
achigving.satisfactory performance. In all of the exanples with the
exceP¥fion of Exanples 34 and 35, the 5, trivalent chrom umions we
i.ntroduced in the formof chrom um sul¥Yhate. In Exanples 34 and 35, the
tri- valent chrom um constituent was introduced as :chromni um chloride’
‘hexahydrate. In each of the.exanples, the surfactant enployed conprised a
m xture .of di hexyl 10. ester ‘of sodi um sul pho succinic acid and sodi um
sul phate derivative of 2-ethyl-1-hexanol. Nickel plated mld steel J-type

test panels were | { W | es and
were plated at operatT ngqldeér#peérlg[%’?e% %‘?éf‘rg%m o® ? outogoggg F’g?‘ﬂ]) at
15. cat hode cwonsittithendis idarisig fbe#hawse-upomonaboorizsoalsm( 10.8 to
.27 ASD): and an fg¥§% b&$éﬂ graphite
anode was- used g?%%?i%#ikato cat ?Pg 0 %out %ﬁ élﬁwﬁ%d aé and/ or
nechani cal - agi t £aPhess Widdy Qiﬁﬁ@ﬁ@txeptﬂé Byxamplegt B4t andn35, the

et ectrol YElC Pl aavil @w'a&&han | RhE Uik £01 1 £1E RSB e A% 1nOtnEDEiml B4 O
about 30 ASF (1.1 3.2 ASD). for a perio bout hours can be

advant ageous !nqhﬂq&ﬁﬂ?tﬁﬂkﬁﬁﬂ%ﬁe |§*%£?£¢§ 54a§¥ﬁg3§erF8Pnﬁﬁéé at the
-hi gher operatingaslénterdhromium constituent was introduced as chromium

chloride hexahydrate. In each of the examples, the
surfactant employed comprised a mixture of dihexyl
10. ester of sodium sulpho succinic acid and: sodium
sulphate derivative of 2-etiyl-l-hexanol. Nickel plated mild steel
J—type test panels were immersed in the above described
baths as the cathodes and were plated at operating
, temperatures of from 70 to about 80°F (21-27°%) at
15. cathode current densities of from about 100 to about
' 250 ASF (10.8 to 27 ‘ASD). and an anode. current density
of about 50 ASF (5.4 ASD). A graphite anode was used
at an anode to cathode ratio of about 2:1. Mild air
| and/or mechanical agitation was used. Subjecting the
20. bath to an electrolytic preconditioning at a low
current density, e.g. about i0 to about 30 ASF (1.1
to 3.2 ASD):for a period up to about 24 hours can be
- adVantageous‘in helping to .achieve satisfactory
plating performance at the higher operating_current
N " 25. - densities. S :
The plated J-type test panels produced by
Examples 1-36 had full bright and-uniform chromium
de?osits having good to excellent coverage over the
current density ranges.employed including good
30. coverage in the deep recess areas. '



. had ri ght and uniform chrom um deposits having good to excellent o/
cove ver the current density ranges enpl oyed including good 30.

coverage in the deep recess areas. 19. EXAMPLES 37A to 37D and 38A tO =

- 38C Exanples 37A to D are conpad son exanpl es and Exanpl e 38 e
denonstrates.the effectiveness of the vanadi um conpound for reJuvenatlng
trival enf chrom um 5. el ecrol ytes whi ch have been rendered unaccept abl e

or inoperative because of an increase in hexaval ent chrom um concentration

to an undesirable level. It has been found by tests that the progressive

bui | d-up of hexaval ent.chromi um concentration-will eventually 10. produce

ski ppi ng of thgx@m@mﬁsunxneﬁaasamlaﬁdin&&eﬁu 38C!-result.in the prevention

of . . any. chrom_um pl.at e Such tests enploying ty al trival ent

chi o uim ol ecERBPRIES (/AR P (ARE SPEREE EATE P EHFPLeEN BB, | onal | y added

have shoBxample 88ud§mbnsﬁtatﬁslfhe effeebbuendsd/of/ thef hexaval ent

chrom u y! §| i C ark chrom um

pl ate ag]éfrag%a%"l er ar @ﬁ?‘%ﬁf ei&é?ﬁl €gu{r.igf'g$l§ﬁ£ Qﬁ?:f%&t"'f'i'glxaval ent

chbenm umedesisaytes | othighs Hawe Hmeen n::endeeedtnnagceptebl%og/ | in such

tests hf@égg | _ ate is conpletely

preventeg E%%éaﬁéggba ent cﬁwéﬁ%éﬁn%ﬁ%ﬁ%ﬁ%rat#o%gg?§w2§h& pl ati ng

ceases- wphmoméum:ggnﬁﬂnarakﬁﬁnmﬁmgmmﬁ@ndesirable level. It 1
has been found by tests that the progressive bulld-up

of hexavalent chromium concentration will eventually
10. produce skipping of the chromium plate and ultimately
will result in the prevention of any. chromium plate
deposit. Such tests employing typical trivalent
chromium electrolytes to which hexavalent chromium is
intentionally added have shown that a concentration -
15. of about 0.47 g/l of hexavalent chromium results in
plating deposits having large patches of dark chromium
plate and smaller areas which are entirely unplated.
As the,hexavalentﬁchromium concentration. is further
' incteased to about 0.55 g/l in such tests, further
20. deposition of chromium on the substrate is completely
prevented. The hexavalent chromium concentration at
which plating ceases will vary somewhat . .depending upon
the specific composition of the electrolyte.
In order to demonstrate a rejuvenation of a
25. hexavalent-chromium contaminated electrolyté, a
trivalent chromium bath was.prepared. having the
following composition:

25. (Egggzities The plated J-type test panels produced by Exanpl es 1‘56 -
0

, - -Ingredient _ Concehtration, g/l
| Sodium flucborate ° . 110 '
30. Ammonium Chloride : 920

Boric Acid . | ' 50



the-spécific conposition of the electrolyte. In order to denpbnstrate a-

PO

'FéTuv nation of a 25. hexaval ent chrom um contam nated el ectrolyte, a ™
trivél ent chrom umbath was prepared having the follow ng conposition

I ngr.edi ent Concentration, g/l Sodium fluoborate 110. 30.

Ao um Chl or i de -~ 90-Bomig; Acid . 50 20.
Ammoni um format e . - 50 *+3 O+ 1ions 6
Sur f act ant + 0.1 The bath was adjusted to a pH béégékn
about 3.5 5. and 4.0 at a tenperature of about 80 to about [err] (

to 32C) - S-shaped nickel plated. test panels were plated in the bath at a
current density of about 100 ASF (10.8 ASD). EXAMPLE 37B 10. Af ter

~each test run, the cammentum formaftehexa- val ent chr0n umions was
|ncreasedfron1substaa&&3l %?% in the original bath Qy i ncrements of about

0.1 g/l by the addition o romc acid. .No detrine § . effects in the

chrom um pl ati ng of Shsfas&anmanels was 15. observdH.ln the range of

hexaval ent chr o um gAOC RGN (A Y RleddP B2l P Blkodn UhouEXGIELE 37C

However, as the hexava ent c rom um-concentrat |

. 5. and 4 at a temperature of about 80 to about 90°F
_ ( 27. .to 32°c). - s-shaped nickel plated test panels
x ' were plated in the bath at a current density of about
100 ASF (10.8 ASD). | o
- . EXAMPLE 373 . ,
10. . After each test run, the concentration of hexa—

valent chromium ions was increased.from substantially
0 in the original bath by increments of about 0.1'g/1
by the addition of chromic acid. - No detrimental
effects in the chrohiumtplating of the test panels was
15. observed in the range'of hexavalent chromium concen-'
tration of from 0.1.up to 0.4 g/1.
: EXAMPLE 37C _
However, as the hexavalent chromium concentration
was ‘increased above 0.4 g/l large dark.chromium'
. 20. deposits along with small areas devoid of any chromium
deposit were . observed on the text panels.
_ ' EXAMPLE 37D .
. As the concentration of hexavalent. chromium
attained a level of 0.55 g/1 no further chromium
25. aeposit could be plated on the test panel. |
Under such circumstances, ‘it has heretofore been
common practice to dump the bath containing such high
amounts of hexavalent chromium and make up a new-bath
which constitutes a costly and time. consuming
30. ~operation.

[id



areas devoid of.any chrom um deposit were observed on the text

€ls. EXAMPLE 37D As the concentration of hexaval ent.chrom um attainéd a

| evel of 0.55 g/l no further chrom um 25, deposit.could be plated on the

test panel. Under such circunstapces, it has heretofore been conmon o
practice to dunp the bath contafnhtng such hi gh anmounts of hexaval ent
chrom um and rmake up a. new bath which constitutes a.costly and tine.

»m%ggbncreased above 0.4 g/l large dark.chrom um 20.. deposits along with :;
s
pa

consunmi ng 30. operation. . 21. EXAVPLE 38A To denobnstrate the
rej uvenati on aspects of the present invention, vanadiumions were added in
“incre- nents of about 0.55 g/l to the bath of Exanple 37D 5. cont ai ni ng

0.55 g/l hexaval ent chrongggéggggrrgg plating of the test panels were

resunmed under the.conditi d in Exanple 37A. The addition of 0.55
g/l of vanadi (i idsmonstrateohie. rejuyesagipnopspecisy 0% thghate and cor

esponds ‘el @C{rﬁmf&nwsﬁaaiﬁm 1ohg! Weraddiddedn 19f syriadli umions to

hexaval e omi um I ons of about 1: he initial addition of 0.55

g/ | vanadim@ntso it tabewe Bedd ﬁéﬁtﬁﬁlﬁﬁﬁehaﬁhtﬁ oExemple 3Ayval ent chromi um
i oms (Exaigia g r@ssstg'% 1i Rekavhoeati eRromitfe ibhs ardd iPliteliny of the =

h t b
chriom um o G119, B N 2L P08 08998 a° B AT, T Rlds oo 0! 0vr and
described in Example 37A. The addition of 0.55 g/l of i

vanadium ions corresponds to 2.6 g/1 of vanadyl
sulphate and corresponds. to. an incremental weight

10. ratio addition of vanadium ions. to hexavalent chromium
ions of about 1:1.

The initial addition of 0.55 g/1.vanadium ions to
the bath contaminated with. 0.55 g/1 hexavalent chromium
ions (Example 37D) resulted in restoration.of the

15. efficiency of the chromium plating bath producing a .
good chromium deposit of;bood.colour and coverage
although hexavalent chromium ions were still detecfed'
as being present in the bath.

~ EXAMPLE 38B | |

20. The further addition of 0.55 g/l vanadium ions to
the bath of Example 38A produced a further improvement
in the chromium deposit and analysis indicated the
presence of a small amount. of hexavalent chromium in
the bath. '

- 25, ' EXAMPLE 38C

Finally, the addition of .a further 0.55 g/l
vanadium ions to the bath of. Example 38B giving a
total of 1.65 g/l vanadium ions in the bath resulted
in an excellent chromiui deposit. and an analysis for

30. hexavalent chromium was negative. These test results




.al though hexaval ent chroniumions were still detected as being present in:
Mhe bat h; « EXAMPLE 38B 20. The further addition of 0.55 g/l vanadi um
ionéﬂib the bath of Exanple 38A produced a further inprovenent in

" chrom um deposit and analysis indicated the presence of a snall adégzﬁ

of .Weéxaval ent chromiumin the bath. 2m, - EXAMPLE 38C -
Finally, the addition of a further 0.55 g/l vanadiumions to the bath of
Exanple 38B giving a total of 1.65 g/l vanadiumions in the bath resulted
in an excell ent chrom um deposit.and an.analysis for 30. hexaval ent
chrom um was negative. These test results 22. of Exanplés 38A to 38C
clearly denonstrate the efficacy of vanadium as a rejuvenating agent for
cont am nat ed t oifvExanpley @8AIRPI38C neldmt hy  dédnohdtFac8otheo 39F 5.

I.n. order to. fur r. de rat e broc ' | UV Ln rivalent

chroniun1baths%ggﬁgﬁﬁghgﬁgﬁkﬂﬁFﬁiﬁgf%vé?gﬁiﬁg%%%ﬁgﬁég,Sgé%#igg?ent chrom um

pl-ating bath weentaspiaated darivpldnt cchposiungplasingsbathed in Exanpl e

37A and 1.65 g/l of hexaval : re added corresponding to.a
343 to 39F

.concentration approxi- nmatel mount at which the tests
describe8.i n Exanpl Emerdenitmatiurthen denonstrater the upreesssdfoEXAVPLE

39A rejuvenating trivalent chromium baths contaminated
& with hexavalent chromium, a trivalent chromium plating
bath was prepared having the composition as described
in Example 37A and 1.65 g/l of hexavalent chromium
- 10. were added corresponding to .a concentration approxi-
mately three times the amount at which the tests
described in Example 37D indicated deposition of
chromium ceased. '
L EXAMPLE 39A
‘15, A test panél.was plated under conditions as
' | previously described in Example 37D clearly showing
completé.failuré to deposit any chromium on the test
panel. | | |

‘EXAMPLE 39B _
20. Thereafter, 4.95 g/l of vanadium ions correspon-
| - ding to 23.5 g/1 of vanadyl sulphate were added to the
bath of Example 39A which was calculated.to reduce all
of the hexavalent chromium present .to the trivalent
state. . _ : f
. 25, _ Following the addition. of the vanadium rejuvena-
tion agent, the bath under agitation was permitted to
stand for approximately ten minutes after.which a test
panel was plated under the conditions as previously
_ described in Example 37A&. It was observed that the
30. test panel exhibited a trace of chromium plate on the
surface thereof. |




.in e 377D clearly showi ng conplete failure to deposit ‘any chrom um on

t he test~.panel .. EXAMPLE 39B 20. Thereafter, 4.95 g/l of vanadi um
ions correspon- ding to 23.5 g/l of vanadyl sulphate wer e added to the bath
of Exanple 39A which was calculgaged..to reduce all of the hexaval ent e
chrom um present. to the trivalent state. .25. Fol | ow ng the

addi tion. of.the vanadium rejuvena- tion agent, the-.bath under &dgitation
was permtted to stand for approximately ten mnutes after which a test
panel was plated under the conditions.as previously described in Exanple
37A. It was observed that the 30. test panel exhibited a trace of chrom um
pl ate on the surface theremxAMpLE2§9cEXANPLE 39C After waiting a total of

forty-fi-ve mn s fol ““'TTﬁ?ﬁT"‘ m addi_tion to the bath, a second
t est panel Lﬁﬁ gh?stgﬂﬁ #BFGVegaaﬁr@ﬁPHﬁF§ plating wth
an i ncre@ﬂ.]ldwirkq C&l@SﬁaWii‘mt aédiﬁﬂﬁﬁatonehe biAN,L B 3¥eonthe bat h was

hercaf t il GléL Wigd Blofoh b UEAED! sBRN YooY tlnlih (5.7 A0
pl &.ed. fﬂamﬂngnwithchnmmmcreaseobnethédknesbeahd bptter
appearance.
EXAMPLE 39D |
The bath was thereafter electrolyzed at a low
current density of about .30. ASF (3.2 ASD) for an addi-
10.  tional three hours and. then a third test panel was
platéd The chromium deposit. was observed to be fully
bright, of good colour, with some thin. deposit in low
current density areas.
. EXAMPLE 39E
15. The bath was further electrolyzed at a low
current density of 30 ASF (3.2 AsD) for an additional
seventeen hour period after which a fourth.test panel
was plated resulting in a chromium deposit of good
thickness, fully bright with thin areas in the low
20. current densities. '
EXAMPLE 39F
The test solution was replenished to return the
concentration of the constituents to that originally
provided in Example 37A prior to the hexavalent
- 25, chromium and vanadium addition including the addition
of 3 g/1 of trivalent chromium ions and a fifth test
panel was plated. The resultant .panel was observed
to have a fully bright chromium piating of good colour
with substantially complete.coverage over. the entire
30. surface thereof including low current density areas.

K 12Qé££> " A test panel was plated under conditions as previously descri bed

-
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bright, of good colour, with some thin deposit in |ow current density.

aréas. EXAMPLE 39E 15. The bath was further electrolyzed at a | gwi{.~
curr@ density of 30 ASP' (3.2 ASD) for an additional seventeen houp
peri-Q.c’i( after which a fourth test panel was plated resulting in a chr m

deposft of good thickness, fully bri gh% with thin ateas in the | ow 20.
current densities. EXAVPLE 39F The test4sol ution was repl eni shed to return
the concentration of the constituents to that originally provided in

Exanmpl e 37A prior to the hexaval ent 25. chrom um and vanadi um addi ti on
including the addition of 3 g/l of trivalent chromumions and a.fifth test
panel was plated. The resultant panel was observed to have a fully bright
‘chrom um pl ati ng of Fy MM ' i r ver
the entire 30, sur 19'%835# e?‘gol?&-/: %&%%lg%éeggwac‘é%r gﬁgp %gtré'lct% %&Zro gggt.h% .
24. 1t shoul d bevangstias cenponnd tocrefuvenspeotrivaleatadhmomisampound to
rejuvenate U1 ival Ay LU LELESyERR! AEXBIRTEY LR BRI BN apyam um
is appli--cable Tor a wde variety.of such trivalent chromumb5.

el ectrol ytes andableotfepeziwidel vyriesyrpét suchotrizadeas: chrpmiu set
ferth in Bxanpl s hrSByedd 304 is not specifically restricted to the

electrolyte as set.forth in Examples 37, 38 and 39.

&
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2 C AFNB—ll_AnlaggLLLyg_gonpos|t|on suitable for use in an aqueous aC|d|
tent chrom um el ectropl ati ng el ectrol yte conprising (a) a reducing \.J‘
diumions, (b) a conpleting agent adapted to 5
rral nt a| n "ﬂyﬂﬁﬂm & mions in solution in an agueous. acidic syst
“(c) halideian n|5g1|ons optionally (e) conductivity salts®
and optionally borate i ons. 2. An additive as clainmed in Caim
1 in which the said vanadlun1|ons are present in an anount of 0.015 to 6.3
g/l. 3. An additive as clained in daim1 in which the 15.. sai d
vanadi umions are.present. in unt of 0.2 to 1g/1. 4. An additive as
claimed in daim1, 2 or 3 tﬁgggggg hal i de i ons conprisi. 20. chl ori de
ions or- brom de ions, or mixtures. thereof present in an anount of at |east
“about 15 g/l. 5 _An additive as claimed in any one of Clajms 1 to 4 which
contains condueti®ntydditiye EQmP951tAﬁ’na&dﬁit‘ia¥ﬂeaszﬁ #¥dBn Aaim5-in
whi ch t%sa;]@e&@adaeiazbt ¥ri$ohlend SHRORIRAM dleciropubing/p to about 300

o/l. ' An additive as clainmed in any one.of Claing to 6 which
Conta.nsebgegr@ly§gscompr151ng (a) a reducing agent comprlslng

vanadium ions, (b) a complexing agent adapted to

5. maintain trivalent chromium ions in solution in an
aqueous acidic system,(c) halide ions and (d)
'ammonium'ions;.optionally (e) conductivity salts and

+)

. optionally borate ions.

10. - " 2. BAn additive as claimed in Claim 1 in'which the
- said vanadium ions are present in an amount of 0.015
to 6.3 g/1.

.3. An additive as claimed in Claim 1 in which the
15.. . said vanadium ions are. present in -an_amount of 0. 2 to

1'g/l.

aﬂglﬁive as claimed in Clalm 1, 2 or 3
] the said halide ions compris
20, - chloride ions or bromide ions, or mixtures. thereof
present in an amount of at least about 15 g/l.

' 5. 2An additive as claimed in any one of Claims 1.
to 4 which contains conduct1v1ty salts.

B

25, X : i
"6. An additive as claimed in Claim 5 in which the
said conduct1v1ty salts are present in an amount up to
about 300 g/l. '



[ad

8. An additive as clainmed in daim-7. in which the said borate |ons Lo
présent insan anmobunt of.at |east about,10 g/l e as clal |h
Clai ! 8 in which the said borate ions are pres‘e’ﬂ’“mqiﬂeml nt. up to about °
60 g/l. 10. An additive as.clainmed in any one to 9 further
contéfnlng a buffering agent in an a it of about 0.15 nolar up to bath
solubility. 11. An additive as clained in daim10 in which the said
buffering agent is present in an anount of 0.45 to 0.75 nmolar. 12. An
additive as claimed in CGaim210 or Caim1l in which the buffering agent
“conprises boric acid or the alkali nmetal or ammonium salts thereof or
m xtures thereof. 13. An additive as clainedin any one of Clainms 1 to 12
further containing a7surpacta@d@itive as\chdliihdd vin a8ng! Gherdfi 0181REM13 in
whi ch the said urfac%@g}ha senbﬁ*n an amount of 0.05 to 1 g/l. CL
MS 27. 15. . AfCadu Qﬂg? P um el ect ropl at i ng
el ectrolyte contalnlng trival ent chron1un1|ons and. an additive as clained
~in any one of Claimsgt tq. 1 d|e it

amount effective to prevé Aé{dhdé']' TONCEn %#g%’#)%f e{’z%gf ?e?’i{} aﬁ?‘%& E'IHF
resing, in use shidghbdrate ixhs are Ipnesent in an amount of at least

' ' about 10 g/1.

Iy

9.  An additive as claimed in Claim 8 in which the
said borate ions-are'preseht in an amount up to about
60 g/l. '

10. an addit;ve as claimed in any one of CIaims 1
to- 9 further containing a buffering agent in an amount
of about 0.15 molar up to bath solubility.

11. An additive as claimed in Claim 10 in which
the said buffering'agent is present in an amournt of
0.45 to 0.75 molar.

12. An additive as claimed in Claim 10 or
Clajm 11 in which the buffering agent comprises

boric acid or the alkali metal or ammonium salts
thereof or mixtures thereof.

_ 13. An additive as claimed. in any one of Claims 1
to 12 further containing a surfactant.

14, An additive as claimed in Claim 13 in which
the said surfactant is present in an amount of 0.05 to
.1 g/l. |



o

g Which satisfactory chron1un1dep05|ts are obtained. 10. 16. " An

ous “ﬂ u‘l mt chromumelectro- plating el ectrolyte containing -/
ot entl (RHEMNTRCIARS

a conpleting agent adapted to maintain the tri-
a¥ent chronicumti.ons #n solution, halide ions, ammoniumions, hydrogen V&ns
to provi de -a pH on the 15. aci_d side, and a reduci ng agent conprising¥
vanadi umions present in an am®/t effective to maintain the concentration
of hexaval ent chromumions at a | evel at which satisfactory chrom um

el ectrodeposits are obtained. 20. 17. An electrolyte as clainmed in daim
15 or aim16 in which the said trivalent chromumions-are present in an
anount of abosgt O. Maqfﬁe&umlaﬂid% trivalentlSchromimml ectrol yte as

nan amoareraplakins slre A et MA Y SR et rol v e de
clainedchncnmymodensfaﬂa anjaﬂdﬁtﬂ&EtasJﬁlaimeﬁltn ang emedofonpl exi ng
oom 1| G1RLRECY € 1, hlirdddd ool MpLEY | BMeBBER 14 68" P LT T

Vihi ch t amoundi effestiye e agz,euems tphesecmcmtnahboar ofahesaof conpl exi ng

agent 1t9,§BheMcHPOMAN Q_fié(irr@?_ 1 dad L dhe bath, above a level 3
at which satisfactory-ehrcmium deposits are
obtained. : *
1o. 16. An aqueous acidic tri#alent'chrcmidm electro-

plating electrolyte containing trivalent chromium ions, -
a complexing agent adapted to maiﬁtain the tri-
valent chromium ions in solution, halide ions,
ammonium ions, hydrogen ions to provide a pH on the

15. acid side, and a reducing agent comprising vanadium

| ions present in an amount effective to maintain the
concentration of hexavalent chromium ioﬁs at a level
at which satisfactory chromium electrodep051ts are |

obtained.
20. : _
17. An electrolyte as claimed in Claim 15 or-
Claim 16 in which the said trivalent chromium ions
are present in an amount of about 0.2 to 0.8 moler.
25, 18. An electrolyte as claimed in Claim 17 in )

which the said trivalent chromium ions are present in
an amount of about 0.4 to about 0.6 molar. '

19. © An electrolyte as claimed in any one_of
30. Claims 15 to 18 in which the said complexing agent is
present in a molar ratio of complexing agent to
chromium ions of from 1l:1 to 3:l.



e,

- 21. An el ectrolyte as clalned in any one of Clains 15 to 20 i n whick e
s%(d vanadi'um ions are present in an anount of m ’
22., An electrolyte as clained in C|a|n121 in ﬂﬁ"ﬂulﬁmﬁ"ﬁ[vanadlu ons
are; resent in an anount of 0.2 tol gl. : An *el éctkolytes as claimed in
any-ofe of 15. Caims 15 to 22 in which. ?ﬁe sai d anmoni um i ons are present
in an anount to provide a nolar ratio of amoniumions to chrom umions
ranging fromz2.0:1 to 11:1. 20. 24. An el ectrolyte as clainmed in
‘Aaim23 in * which the said annnniun1ions are present in an anount to
provi.de a nol ar ratigoof amalu&ﬁnyt@aﬁlmmdmcmmfmm 3:1to

7:1.. 25. trolyte_ as clal an e of d 15 to
24 in which the¥ %ﬁ?ﬁ ‘ﬁh?l%ta oﬁ@éﬁ'&xﬂ'f‘gs@l%eq p :@’ ﬁﬁr

nol ar ratio of hatideofoasmpmexhngnagemmoms¢mhnommum3ﬂbnstquier 30.

26. An electro% £8788,C bained in aim25 in which the said halide ions

are present in anodnt “{o° 29. provide a nolar ratio of halide ions
to-chromumgons of from2:1 to 4 1. 27 An el ectrolyte as clainmed in

any one of 5. " Caig3.15 48 QeCUIAR dderstibd ey oife CORPY | €

chloride ions, brom i ons, oOr n1xtu s ereo resent I'n an anount. of . at
| east about 15 @laimsgl5 tmn2Q dst whdphe 3 iprs Are

present in an amount of 0.015 to 6 3 g/l.

10. 22. An electrolyte as claimed in Claim 21 in
which the said vanadium ions are present in an
amount of 0.2 tolg/1.

23. An eléctroiyte as claimed in any one of
15. Claims 15 to 22 in wHioh the said ammonium ions are
present in an amount to provide a molar ratio of
ammonium ions to chromium 1ons ranging from 2. O 1l
to 11:1. '

20. 24. An electrolyte as claimed in Claim 23 in "’
- which the said ammonium ions are present in an amount
to provide a molar ratio of ammonium ions to
chromium ions ranging from 3:1 to 7:1.

- 25. ' 25; . An electrolyte as claimed in aﬁy one of
Claims 15 to 24 in which the said halide ions are
E .+ present in an amount to provide a molar ratio of
halide ions to chromium ions of from 0.8:1 to 10:1.
T o . ' \
30. 26. An electrolyte as claimed in Claim 25 in
which the said halide ions are present in an amount to



10. Cainms 15 to 27 further containing conductivity salts 29. An

el ec Claim,28 in which the said conductivity salts are\d
pres@ ﬂuﬂlmuﬂlmmrr up to about 300 gll. 30. An electrolyte as’
cl alned in dnyne of @ains 15 to 29 further contai ning borate ions. 20~

An electrolyte as claimpgd in Gaim30 in which the said borate |§ﬂs
are present I n an anount of at |east about 10 g/l. 32. An el ectrolyte as

claimed in daim in which the said borate ions are present in an anpunt

25. up pPoeaet abolal rdtio o Iikidd dotie 6 chrombami doAsy one of
Cl ai s %o 32 f rther Sentaining a buffering agent in an anount of about
0.15 moPhr Jatth 4 "sol ubi lity. C L M S30 34 -An
_electrolyte as clalned in Claim33 i n which the buffering agent conprises

boric acid o the {he r mxture
thelreof | %%&ecﬂ? 211(}} as C a#fr%‘?iaﬁ ﬁgg 63?@??] |)r(1 \l/J\,hr zh t he
sagd buClaimsg légemt 2i6s im eddich | the sablrhabide. #iGnsoconpsisel ar
CalCu'a&ﬁio?idgoﬁdnsamﬂicdghe ionsS or MikEhPEL PhitEopS claimed in any

one
present in an amount of at least about 15 g/l. s

28. An electrolyte as claimed in any one of
10. Claims 15 to 27 further containing conduct1V1ty
salts.

29. An electrolyte as claimed in Claim 28 in
which the said conductivity salts are present in
'15. an amount up to about 300 g/l.

3@. An electrolyte as claimed in any one of
Claims 15 to 29 further containing borate ions.

20.. . 31. An electrolyte as claimed in Claim 30 in
which the said borate ions are present in an amount
of at least about 10 g/l.
' _ ' 31
- 32. An electrolyte as claimed in Claim@ in
which the said borate ions are present in an amount
25. up to about 60 g/1. | ' o

Pyl

33§ ~ An electrolyte as claimed in any one of
 Claims 15 to 32 further containing a buffering agent
in an amount of about 0.15 molar up to bath
30. solubility. -



hie

ajms .15 to 35 further containing a surfactant. 37: An efectTol yte as
cI imed in Caim36 in which the said surfactant is present in an iggggp:

, of 0.05to 1 g/l. 38 An el ectrolyte as“ﬂll“"ﬂﬂmnu y one of i 118
16 t® 37 in which hydrogen ions are present to 'lof 2.5t 5.
20. s An electrolyte as clainmed i30L ai m 38 in° whi cfl the said hydr ogen
ions are present in an-amount to provide a pHof 3.5 to 4.0. 25. 40.

An el ectrolyte as clainmed in any one of Clains 16.to 39 in which the said
trival ent chromumions are present in an anount of about 0.2 to about 0.8
“nolar,. the' said qﬁpp rese a akho;Qf
coaneX|ng agent to chron1un1|ons %&itg ?é giaiﬂ?d iﬁnbiégétég iﬁ the said
hal i de i ons arewhiciy the duffering agent cempsiseshbprde reAd 08 chronmi um
i ons of about 04§l 41%APOHetldl Jort&anéﬁienamesumeaafabe present in a
nmol ar ratio of ammoniumigne to _chrom umions of about 2.0:1 to about 5.

11: 1, hydrogen FG%?Q%Q?}ﬁhﬂﬁﬁﬁfﬂn an amount to provide a pH of about 2.5
to.about 5, and the said vanadiumions are present in an arpgint of about

0,018 to, about 0.5 4% Wustectrilite an, Flathrd Yhosis %ﬁna'rg "o

present in an asidh (ﬁh@tmalid(bulff@ring agent is present in an

L amount of 0.45 to 0.75 molar calculated as boric
' ' acid. '
10. - 36. An electrolyte as claimed in any one of

Claims 15 to 35 further containing a surfactant.

37. An electrolyte as claimed in Claim 36
in which the said surfactant is present in an amount

38 An electrolyte as claimed in any one of B
Claims 16 to 37 in whlch hydrogen ions
are present to provide a pH- of 2.5 to 5.5.

- 39. An electrolyte as claimed in Claim 38 in
which the said hydrogen ions are present in an
. amount to provide a pH of 3.5 to 4.0.
25. - - 40. An electrolyte as claimed in any one of

L

Claims 16 to 39 in which the said trivalent chromium
ions are present in an amount of about 0.2 to about
0.8 molar,fthe'said'camplexing-agent is present in.
_ a molar ratio of campiexing;agent to chromium ions
30. of about 1:1 to about 3:1, the said halide ions are’



. about

conpl
sai di'\

6 nDIér, the said conplexing agent is present in a nolar ratio of

geﬁﬂmlmu mmg\ umions 15.° of about 1.5:1 to about 2:1, the
I d L v ! chloride, or bromde ions or mxtures thereof*

* [

present in an amount to provide a nolar ratio of halide ions to chrom um—
i ons of about 2:1 to about 4:1, the said ammoniumions are present 20.
I n an anmount to provide a nnlgi rati o of amoniumions to chrom umions of
about 3:1 to about 7:1, hydrogén’ions are, present to provide a pH of about
3.5 to about 4.0 and the said vanadiumions are pre- sent in an anount of

about 0.2 to about: 1 g/l. 25. 42. An el ectrolyte as clained in Claim 16

substantially as sggcifically described herein with reference to any one of

Exanpl es Pressst

fra mebayrragio 9fchaidge dgms &o mpomiumgy 43! A

process fofod 66k 2Bbati 69821CREOHBOEEIARATI,! e {iQd ectrical ly conductive
e : .

substrate conprising the steps of imrersing_the substrate.in an aqueous
aci di ¢ tridEReniumnioRsUATe| BEEEERE: dna@ molar raflgq /% in any one of

Caims 15 éﬂn&giuﬁpﬂ?ﬁénﬁo?cﬁﬁbﬁﬁdhc mhalr @&t tabgdte E??hw%ﬁedt o effect
a progressjyve adeposgition a cnromum el eclrodeposi ereon, an
i nui not1hbr PERFPSSELLE 33 & g

~com®é nui n

FPEEBpIOPE; BRSoPTERENS IR &% MU ®t r odeposit unti |

the desiresird@ide a pHi oEnabsuks 205t dionaboutd 5.5) pereadse f or rej uvenating

an aqueouss

10.

15.

20.

25-

aid vanadium ions are present in an amount of about
0.015 to about 6.3.g¢/1. '

41. An electrolyte as claimed in any one of
Claims 16 to 39 in which the said trivalent chromium
ions are present in an amount of about 0.4 to
about 0.6 molar, the said.ccmpleXing_agent is present
in a molar ratio of complexing agent to chromium ions
of about 1.5:1 to about 2:1, the said halide ions
comprise chiéride; or bromide ions orx mixtufes
thereof present in an amount to provide a molar
ratio of halide ions to chromium ions of about 2:1
to about 4:1, the said ammonium ions are present
in an amount to provide a molar ratio of ammonium
ions to chromium ions of about 3:1 to about 7:1,
‘hydrogen ions are, present to provide a pH of about
3.5 to about 4.0 and the said vanadium ions are pre-
sent in an amount of about_o;z to about 1 g/1.

42. An electrolyte as claimed in Claim 16
substantially as specifically described herein with
reference to any cne of Examples 1 to 36, 383, 38B
or 38C, 39C, 39D, 39E, or 39F. I
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.-aC|d|c trlvalent chron1un1e|ectro|yte whi ch has been inpaired in .

&&f ectiveness due to contanination 15. by ex ﬁ“ﬂ tles of
hexa\/al ent chromium the said electrolyte cont ﬂmum“u t chrom umg
ion§, a conpl exing agent for mai ntaining the triva ent- cArofi umions in
sold&(on, hal i de i ons, anmmoni umions aBd@.hydrogen ions to provide a pH on
the acid side, 20. the said process conprising adding to the said
~electrolyte a reduci ng agent conprising vanadiumions or an additive as
clainmed in any one of Clainms 1.to 14 mhereby t he anDunt of vanadi um added

I's an anmount sufficjent tp reduce t aval ent
chromumions to a.4€Vel'§t PHRFERS gér ES%E%?%%@%E atﬁ%“ﬁ?@@ﬁfolyte to
deposit satis- fédepasit cdmoanueidepnicailyscoaducltéme A'bestm’qa ocess as
clainmed in d ai 0 t eina
val ency state O;Eéndpffsigé @&% Steﬁs rggcg@iéng \éi Ia m3%§ta%al migil Claim
45 in which the mlmmualaqidbqstama&aatdchnrcmmmremctmolwmaao 6.3
g/l. 5. g élaimed PhOSEPSOAS GkALTRInSN 16 2gn4%8 Ié@;}f@ﬂ@ the said

vanadlun1|ons are In an” anobunt o | 'vVg/l . rrocess as

ciaimed in any omthedirarharge to thesspd 4?“?’#%% tt%@fsfﬁ‘?i: anadi um

ions are added igrSdr88Bie depb8ittent BE BetAYIUN )V REradptbit

concentratlon to a evel bel ow about 100 ge

Z _ hereon, and continuing t electrodeposition of the
said chromium electrodeposit until the desired

10. thickness is obtained.

44.. A process for rejuvenating an agueous
acidic trivalent chromium electrolyte which has .
o been impaired in effectiveness due to contamination
15. by excessive quantities_of hexavalent chromium, the
said electrolyte containing trivalent chromium‘ ions,
a complexing agent for maintaining—the trivalent
chromium ions in solution, halide ions, ammonlum ions
and hydrogen ions to provide a pH on the acid side,
20, the said process comprising adding to the said
. electrolyte a feducing agent comprising vanadium
ions or an additive as claimed in any one of Claims
1 to 14 whereby the amount of vanadium added is an
. amount sufficient to iedﬁce the concentration of
CHE 25. hexavalent chromium ions to a level at which
_ the effectiveness of the electrolyte to deposit satis-
£ | factory chromium deposits is restored.

45. A érocess as claimed in Claim 44 in which
the said vanadium ions added are in a valency state.
of 4 .

_30.



49. A process'as claimed in Claim48 in which 15. t he said vanadluni fﬂ

i ons_are unt to reduce the hexaval ent chromiumion - o
con@éﬂtraﬂ ‘un“nr bel ow about 50 ppm. 50. A process as clained in
e a

any I'ns 20. 44 to 49 in which the said vanadiumions are ™~
I ntroduced in the forn1of el ectrolyte soluble and conpatible vanadium ¥/
salts. 51. A process as clai@8d in any one of Cains 25. 44 to 50

including the further step of electrolyzing the electrolyte follow ng the

addition of the said vanadiumions at -a noderate current density optionally
in the range4€0 toA3pracess: as cladmed insSladm Q% Ghain ARiction of the

sai d hexaygl gichheRrgl BHlaovanadihﬁniio@é e wdbganadigmions. 52, A

process as clalnmed ILn a|n1%4 sub tantlally 34. as specifically
descrlbedﬂﬁﬂﬂ@Fn°ﬁn9h°i§fEPe any one of Exanples 38A, 38B, 38C, 39C,
39D, 39E or 39F. 5. An aqueous acidic trivalent chromum el e-

ctrol yte whepgver fe uvenated b S .as. .cl one of C ains

84 to 51. 542‘; é b§PF§F§ &5 %ﬁ%%éﬁ adrémcfﬂ Wl al | oy

el ectrodegipsi saﬂ&evanadimlddohp are added dn dmiamxbint ¢ ai m 43. .Thee -

text f t peci i} on has been reproduced by photocopying the applicant 3
Gy Rek 1871

~original ‘It may contain & few andnments which are-difficult to
r ead The original typescript containing them anmendnent may be inspected
an the prem ggs  aGhrbB8sBbS1die® in any one of Claims -3
10. 44 to 47 in which the said vanadium ions are added
in an amount reduce the hexavalent chromium ion

"concentration to a level below about.loo Ppnm.

43. A process as claimed in Claim 48 in which
15. . the said vanadium ions are'added:in an amount to
- reduce the hexavalent éhramium ion concentration to
a level below about 50 ppm..

50. A process as ¢laimed in any one of Claims
20. 44 to 49 in which the said vanadium ions are
introduced in the form of electrolyte soluble -
and compatible vanadium salts.
51. A procéss as claimed in any one of Claims
25, '~ 44 to 50 including the further step of electrolyzing
the electrblyte'following the addition of the said
vanadium ions at a moderate current density optionally
in the range 10 to 30 ASF or 1.1 to 3.2 ASD to
accelerate feduction_df the said hexavalent chromium
30. ions by the said vanadium ions. |

.

g

52. a process as élaimed in Claim 44 substantially



a

v g

- 34.

as specifically described herein with reference to

any one of Examples 38a, 38B, 38C,. 39c, 39D, 39E

5. 53. An aqueous acidic trivalent_chramium ele-
ctrolyte whenever rejuvenated by a process as claimed
in any one of Claims 44 to 51.

54. A substrate carrying.a chromium or chromium
10. alloy electrodeposit whenever made by a process
as claimed in Claim 43,

The text of thp spaeit&cl$ian bas been’ :ep:odncod vy photocogying the applicanss original
typessript. It may contain a fev soendnents which are diffioult to resd. The original

typescript ooatdn:i.ng these amenduments m be inspscted on tho w.-u:i.ln of the Patent Otﬁ.oc :



