' ZINC‘ALLOY ELECTROPLATI NG 2179676 The present invention
oraadly relates- to  an inproved electrolyte and process for
electrodep03|t|ng zinc alloys, and, nore particularly, to an inproved
aquegus; ~acid zinc alloy electrolyte containing an inproved additive
agent~for pfoviding inproved grain-refinenent, reduced dendrite .
fornation, increased adhesion and ductility and an unexpected ipcrease in

t he codep05|t|on of one or nore aIonlng netals |n the zinc al éf?éb Q&ﬁt
El ectrol ytes incorporating. zi ncZIN O § TR BTE¥Ei on with one or a
coitbi nati on of nickel, cobalt, iron or n1xtures t hereof have heretofore
been used or proposed for use for dep05|t|ng zinc aIon pl ati ngs of a.

decorati've or function ty trat such as _irop_and
‘steel, for exanple, toa#o’?ov?%&?lor rrpr ov ﬁ#g g?%thtf? e n ARTAed
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conti nui ng probl em associ ated wth such prior art zinc all oy eI ectro

has been the igmiihtiéfintmertshimdaced edaaeiiited fafmition of inaeaséd Ohdhdiscal bay
el ectrodeposit to provide the requisite sem-bright appearance and-

associ at ed phydictality epdran enexpecitedi irgrease snotha eddepuition Yof ofe fotr bpe
probl em has been the inability to increase the percentage of the alloying
nmetal constit addoying metalsiivkihe zind#ldonrdépositi.ron in the zinc alloy -
et\ectrodeposm in order to achieve a desired physical and cheni cal
properties. The f oEheEtrodYtas daerpenating zins dopst int Sunkherg cpibinadiion

hi gh current density areas has_ al so been objectionable. The present

i nvention pr oﬁ‘&és%@%rﬁ iGpPiRatdop| eEinickel e @éit' cireBt PB JRiiBaIres r@EIeOf
zinc al I'oys ‘have heretofore been used or proposed for use for depositing zinc .alloy

platings of a dec.orati\'re__ or functional type on a variety of substrates

such as :Lron ‘and steel,' for example, to provide for improved coxfosioﬁ
res:Lst.ance, enhance appearance and/or to build up the surface of a wormn
part enabling refinishing thereof to restore its original cperatmg
dinensicns.' Such. zinc alloy electrolytes and processes are in. wide

| ~ spread ccx‘mezciall use for industrial or functional plating including
\J . strip plating, canduit plating, wire plating, rod plating, tube plating,
- - coupling plating, and the hke a contihu.ing problem associated. with
‘such prior art zinc alloy electrolytes has been the ma.blhty to ach:.eve

the desired gra:.n-refmerrent of t.he alloy electrodeposxt to provide the
requisite semi-bright appearance and associated  physical properties
including adhesion and ductility. A further problem has been the
inability to'_increese the pereeneage of the alloying metal constituent

 such as nickel, cobalt andfor iren in the zinc alloy electrodeposit in

order to achieve a desired physical and chemical properties. The



i ncorporating an additive agent which provides for inproved _

~grain-refinenent, a reduction in dendrite formation, increase i'n adhesion =
and ductility whi I e further unexpectedly increasing the codep05|t|on of the
~alloying metal -ions achieving a zinc alloy electrodeposit N

~incorporating hlﬂmﬁa@f‘é&%\fa&éﬁdﬁitégcbn @hboysumt@awmngﬂﬁam\a 'ts
and advantages  of  the ent hnventlon in.a 8 %§pce th the
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met al - i on select%& romn I ron an m xt ur&s thereof
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agent, generally; J?Pfa%ta Qragna%ﬂneﬁtefn%ct'aeretdhcesehevex 8RR Ere
physi cal charactertstics o e zinc alloy dep05|t and further ;:to enhance

the codeposi t.i onf@¥makion} | ofnpgeaseal in ordhasinn sang Quebihity Jmrkle
anionic  car boxyf@é@ﬁepoaaexyeb&éhwemeeea@ti iRy ideapos T TR 6flethe

carboxylatlon of the p neyization ucCt reactlon ture
of al kyl ene oxi o%é(ls‘g'é&%d ’??%’rﬂ L,t hy P& ogFg‘e"eﬁl’ﬂéﬁl efe BiHe, cc?%lol
‘butyl ene oxi de a@ﬁe@tzoﬂeposibe1nobrpamdtdng(hﬁghﬂn&peﬁd&n@dgﬂscnf $mohuct

(or reaction m o] nd pol yhydroxy conpounds sel ected from.
hydr oxyl contain %ﬁ5§4%§|élg¥§§ﬁ§r al kynyl, aryl,; as well as m xtures

thereof. In addition Tbethbenaﬁxﬁﬁngan@ns@ﬁva@ﬁageSheOiunthallvyesent
el ectrol yte may ﬁﬂaéﬁtfaﬂl|¥1CQBEeraaK%@(%@tg the composition aspects

"thereof are achleved by an aqueous acidic zinc alloy \/
electrolyte contalnlng zinc ions (e.g. in conventional
‘amounts) in_further.oombination with_controlled amounts
of at least one additional'alloying metal ion selected -
ﬂfrom.nickel;-cobalt, iron and ﬁixtures thereof. The
eleotrolyte3 further contains as ”anoptional
constituent,-an additive'agentr'generally present in an
amount effective to achieve improved physioal
characterlstlcs of the 21nc alloy deposit and further ..
to enhance the codep051tlon of the alloylng metal ion,
'comprlsing-a_bath_soluble anionic carboxylated
'_poiyoxyalkylene compound derivable from the
' carboxylation of: | | o -'CJ
(a) the polymerization product (or  reaction
_mixture)'of'alkylene'oiides selected from ethylene
oxide,'propylene oxide;rglyoidol,-butylene oxide and
mixtures thereof- and/or ' L
(b) the alkoxylatlon product (or reaction
mixture) of _mono; and polyhydroxy compounds selected
from hydroxyl contaihihg alkyl, alkenYl,_alkynyl,'aryl,
"as well as mlxtures thereof - | :
In addltlon to the fore901ng constltuents, the'
-zinc-alloy electrolyte may additionally contain various .



other additive agents K of the types (e.g. conventionally) enployed
.1 ncluding buffering agents, supplenental brightening agents, bath soluble . -
and conpatible “conductivity salts to increase the electrica
conqécpivity of the electrolyte and the like. In accordance with the

Process asDeCth‘tfhéPe rar&aar\{wavera?%t@ ZigkC ath@y PEIHLW [ Je

el ectyr odeposited on a conductive substrate ejﬁéo I ng .the aforenentlgned
aqueous aC|d|c°°EVHEt18PP3}YéIeE?PBPyﬁé whReud %xnﬁqﬁﬁQQ&PQu agents,

te{rperialt ;Jre t ypsapplenienygalg Hfﬁghabﬁli'mg) oagentrer datte £6Qdld Fand
16[err] € up to_a [err err a rated at an_av e
cat hode current 82‘?\%$F§%% %nf,l rﬁJagL'% %dajagg g? ubgcd:ed%sﬁl gﬁhzfg
about 2000 anpeeégqﬁxlquaceﬂﬁnnt£¢SEy(nfhtgaeﬁlmwthO&Ntb\ﬁnQ -the
dependi ng upon &gﬁgspeC|f|c type and conposition of the electrolyte as well

as the geonetry an rocessing paraneters enployed in the plating
operation. Further béRefd€30EAANEM afibiedh? PRECHSS AEPRREENIPBNLHE |

-tFJ)eC?rTE <':13|Ogrte)m‘éI pHWS et eah $@ 1wt 1016, f;)él ogiinge De&mwlqma]{tih@ 1s|

referre odi aken conj unctio ecific es
b ovi ded. The. agiEgseoasraRdtel,col i, hRBret i, e tRREs  nbaciBY he
.conposi tion aspthies cﬁfbhenmnténtnedwemgu@mmnt acid i ncziaes mkieyt in

an anount effecgll\é%% %@gt rmggﬁs% ?ﬂ%‘e gltecgr@é(&@?]@gﬁure

general |y can: range as | ow as 0 saturation
Concentratlons gypﬁpg%ﬂy5rg§gggg §mom about room temperature (60°F or .

16°C) up to about 180°F (82°C) and is operated at an

average cathode current density ranging from as low as

. about 1 up to as high as about 2000 amperes per square

foot (ASF) or higher which will vary depending'upen the

specific type and composition of the electrolyte as

well as the geometry and processing parameters employed

in the plating operation. :

" Further benefits and advantages of the present

~_invention will become apparent upon a reading of the

.follewing Description_df the Preferred Embodiments

-taken' in conjunction with the specific examples
provided. - _ : | :

The aqueous acidic zinc-alloy electrolyte in

accordance with the composition aspects of the present

A L invention contains zinc ions present in an amount

. effective to electrodeposit zinc from the electrolyte

and generally can range from as low as 15 g/l up to

saturation) with concentrations of from 15 to 225 g/l

being more usual. Preferably, for most applications,

~-the zinc ion concentration is controlled within a range

. .of from 20 to 200 g/l. - The maximum concentration of

zinc ions will vary depending upon the temperature of

- the electrolyte with higher temperatures enabling use

- of higher concentrations. The zinc ion concentration



bei ng nore usual. Preferably, for nost applications, the zinc ion
- concentration is controlled within a range of from20 to 200 g/l. The
maxi mum concentration of zinc ions will vary depending upon the tenperature
of the electrolyte with hi gher- tenperatures enabllng use of hlgher

| \
concentrations. e nc ion: nce al sQ v epend
upon the type of ¥ élg ﬁa‘épyt ea]%Yn‘p %93‘8&6\%’ Hgﬁé #y??]eoghl g‘ﬁ%& CH' Q:
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fl uoroborate tyeﬁ&ori?bns@fFﬂa@@I orsda-dwpRa¥ Lt rakytgarit hgszi eae on .
concentration is _genera controlled at a level within the | ower end

the' pernissibl ef LUmEe %ﬁ&%%s ¥YPeseid :ﬁﬂp@ﬁéQyﬁ@%P&ﬁ@SHE%Eethe_
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a chloride,_sulpperm;saihhanarangad/mméﬁensobnnatecsdltsuiﬁhﬂteetype -

combi nat i on Wt NeBacREblyFUSN Ao Uk PALI o ddhoelEi OEDA OLLC cltidally

_ quoroborlc acid E e correspondin
of zinc salt enpFeptEollededd aﬂ yevied prithirndhe n‘éP&‘FlFofaé'Ig@ct‘P%I ﬁh@ . s

" controlled MAth|ﬁegmigggglgfcahggheruglbgsz wth a pHof from2 to 6- belng

preferred. In additiog,to the Zinc ions the el egtrolyte fu t her . con ins
control | ed anounts ofJBQF | E3RC orkPBF tRBYal P(?ylﬁr ‘géf‘q"o‘i 3REPud ﬁ
- ni ckel . cobal t , ededtoolirteninhihe foumlaflpo&aplbezinntsadmseéuwm hhea

chlorlde, sulphate, sulphamate and/or fluoroborate salt’
in further. combination w1th an ‘acid such as sulphuric AV
'a01d, hydrochlorlc ac1d, fluoroboric acid, sulphamic |
acid, or the like corresponding-to the type of zinc
salt employed. Generally the pH of the zinc- alloy
- electrolyte is controlled within a range of from 0 up
-to 7 with a pH of from 2 to 6 being preferred.
In addition to the zinc ions, the electrolyte
further contaihs'cont:olled'amounts of at least one of
the alloying metal ions including nickel,. cobalt,
and/or iron which similarly may be introduced in the
form of bath soluble salts of -the alloying metal
including the chloride, - sulphate, _fiuoroborate,
acetate, or sulphamate as well as mixtures thereof.
When nickel and/or cobalt are employed as. the alloying
metal, each can be employed in the bath .in amounts of
. from 0.5 g/1 up to 120 g/l to provide alloy deposits
ontalning from 0.1 up to 30 percent by welght of
- nickel and/or cobalt." ‘Preferably,; the alloy dep051t
contains from 0.25 percent'to a total of 15 percent of
. both nickel and/or cobalt, and'the bath under such
' condltions contains nickel | “and/or cobalt ions in - an
amount usually. ranglng from 3 g/l to 65 g/l
respectlvely. : '



f or m of “bath soluble salts of -the al i oyi ng metal incl udi ng the chloride,
sul phat e, fluoroborate, acetate, or sulphamate as well as mxtures
t her eof . When ni ckel and/or cobalt are errpl oyed as the alloying netal, each

can k eﬂployedlnthe th,in amounts of mO.5 g/l upto 120 g/l to
provibfi}\ “’al | oy ‘deposits "gﬁﬂtm FH’?‘?“@F?FO"?H}E 53 the,) ¢ ﬁﬁ\'—@%"’—%f the
ni ckel and/or cobalt Pr ef.er abl he, al | o deposit _c nt al ns from

percent to a tPREIPLHY (FroR.Aon,, FHAR f%ﬁﬁ/&f g ‘PattF?

doal 15 Fang Hpat °?§%C°?/¥ B Qpbefid 3»8@0582%9. vel'y. 44,3/ A 3‘%
conpri ses an the electrolyte, the-operating iron ion
concentr'ationa%an r'g’%ﬁE rom 5 g/l up to about 140 g/l vvith

concentrations of fr oMypen u??dqc%g 20, g%éu.g d{
"Wh iron ions are present In ectrol V\;ﬁuh 'S on y aC| I'C or

ei ther neutralyeskighagsafd o RitRér fﬁémal, such as a£0a Pofl terkd general by

preferred to .incOrporate conventional conplexing or el ating agents to

mai ntain an effective, syopt s  Genelra DIy err8ds tio ﬁf&o‘z'f:b &eatididl
or conpl exi ng agents which are particularly satisfactory for this purpose

i nclude citri comgilexiny Wrothelsting, agents0 kopiaiitiainagh Ceffeotivey latoatti bf the
ascorbic acid, isoascorbic acid, nalic acid, glutaric acid, nuconic acid,

glutam c aci d,u;kyuatbl cionsi dn sclmtiotn.c -an'alhtiagdot tmrb_iléoei.ngsageitls eh:.drheme
al kaline netal, ammonium zinc or ferrous salts. Wile the ironions are -

i nt roduced i ntmmmlbiﬁm satisfactoryt fer fthis urposatinrlider citriicoasidhr gluconic

f&/@d dl_u__r;.|: n J atc.bz.% p'g(’iﬂgr?ep%g%fé Iaocr;.d?ngartanc acid, ascorbic acid, isoascorbic

' .

- acid, ual:i.c acid, glutaric acid, muconic acidg, glutamic acid, 'glyooll:i.o_

- aczd, aspartic acid, and the like as well as their alkaline metal, :
ammonium, zinc or ferrous salts. _ _ |

While the iron ions are introduced into the electrolyte in the

ferrous state, ferr:.c ions are fomed durmg the plat.mg operatlon and

it has been found that excessive arrounts of ferric ions are

.objecta.onable resulting in the formation of striations in the zinc-alloy

plated surface. Accordingly, it has been found desirable to control the

ferric ion concentration at a level usually less than about 2 g/l. This |

. ‘can be 'accatpl-ished by employing a soluble zinc anocde in the

'elect.roplating bath or, aitemativeiy, by imrersing metallic zinc in t.he _

holding tank through which the lelectroplating solution is circulated.

_ When no soluble anodes. are enployed or r_xo_zin_o metal is provided in the

holding tank, proper control of the ferr:.c ion oconcentration can be

: l_ ~‘achieved enploying suitable batﬁ soluble and 'ompatible organic and/or

-inorganic reducmg agents. such as, for example, hisulphitg, iscascorbic

acig, nornsaooharides and disaccharides such as glucose or lactose.



it has been found  that excessive anmounts of ferric ions are
obj.ectionable resulting in the formation of striations in the zinc-alloy
pl ated surface. Accordingly, it has been found desirable to control the-
ferric ion concentration at a level usually |ess than about 2 g/l. Thi% cay

be acconplished by enplmlmglabeoﬁmrbelahedcfmml foreking £ iHa® Pk Bédti o
~bath or, alternatively, by -imersing netallic zinc in the holdi ng tank-

t hr ough whi ch cae &eechPmplﬂ-atﬁdﬁgt@oIm:ﬂe i foxi appropréate \binaryg stémiarg or
anodes are enployed .or ng_zinc netal is provided in the hol ding. tank o

pr oper - contr ol quaternary &1lpys  eartaimingn predaménentdy Mmﬁeﬂmdeeaplwm of the
sui tabl e bath soI ubl e and ioynpatl bl e organl c_and/ or inorganic reducing
agents such asothay rbi.c ‘aci-d, nonosacchari des

romt ﬁiC?Q?QQS?ﬁg?“Chﬁe o SERDREY s ) °E§deaoam'a%|é“e% bﬁsg%‘ééﬁfégn%é’m

' .gpﬁgog%agf bi n%&%ﬁ% orhguaterggi .allo é cont ai ni ng &Eeggm nent | y
"ltzie;.lg?rc)c/)bal f“:? c;%,p concgr:\gQ ﬁ%%ll%c%mﬁﬁggﬁlagﬁé]é%ﬁ)@?% oy
o e usual LY CoBbiges %‘E‘M‘)i%ﬁﬁg 5 ‘i’?’% £ iipdrion

~about 20 per cegied)ei¢hbe ot akal teraamumt; %etisﬁéé&neﬁ? lRPELHBE &ORBbhs a9

‘the bal ance essentially zinc. In addition |ons present 1n the

electrolyte, tgs fbpeirPerbent ¢hbdly af@ R meeaésseﬁemuyaémcngr edi ent.
an additive agent conprising a bath-sol ubl e ani oni c carboxyl at ed

pol'yoxyal kyl ene conpourth adfitionayo ihedpetaledohs @reséit 4Artaxplatt@lyeé, th
(a) the polynerization product. (or reaction mxture) of alkyl ene oxi des

sel ected from eléntrohptexfukthepr ophtadne esi @, egbentiidd| indpretdientic anx adeitane
m xtures thereof; and/or (b)- t he al koxyl ati on product (or reaction
- nmixture) of rmqgent oarpr:.smg a bath-soluble anionic carboxylated polyoxyalkylene

oompoxmd This may be der.wed from the carboxylation of: .
(a) the polymerizatlon product {or reaction mxture) of
- alkylene oxides selected from ethylene oxide, propylene oxide,
glycidol, butylene oxide and mixtures thereof; andfor '
(b) the alkoxylation product (or reaction mixture) of mono | .
- and polyhydroxy oanpmmds selected from hydroxyl oonta:.nmg alkyl,
alkenyl, alkynyl, aryl, as well as mixtures thereof

Y
The mlecular welght of the adchtlve agent or nuxtures thereof

T is: controlled to render the adchtwe agent soluble in the electmlyte at
the oonoent.rat:.m des:n.red It will be apprec:.ated -t.hat the add.ltlve _
- agent may oontam one temminal carboxyl group on the molecule or may. .
ocntammreﬂ:anonecarbmcylgm.xpdepe:ﬂmgupmﬂmedegreeof
'carboxylatmn and the nmber of ~reactive hydroxyl groups on the
nplecule. cam'ercmlly_ available carboxylated polymcyalkylene ocxrpounds
suitable for use as additive agents in accordance with the -practioe of
the present invention include: carboxylated ethoxylated (16 moles)
6



and pol yhydroxy conpounds, sel ected from hydroxyl containing alkyl, alkenyl,
al kynyl, ~aryl, as well .as mxtures thereof . The nol ecul ar wei ght of the
additive agent or mxtures thereof is controlled to render the additive

agent sol ybte in the electrolyte at t he concentration desired. It will be
- dppr égi af'ed tﬁﬁ&tyt heloatiol t icontaigdng N3y caxboai atane irer therabloadoiondleguls;p
on the | ecul e or-may contain nore than one carboxyl group dependi ng upon

t he degr ee’ of carixixglated ethogldted damryberlcohol eabtaindng iZimoles off ethplene

t he nol ecul e. : . ially available carboxylated pol yoxyal kyl ene.
conpounds sui oxisles Bpd carboxaglated ethaxylgbed scnyl spheppliaprrdaining tfrem
practice of the present invention include: carboxylated ethoxylated (18
moles) 6 f36thp al coRflmles: eHmlgge axidear bon atons in the al cohol

ol ecul e; carboxyl ated et hboyI ated, | auryl alcohol_ containipg 12 noles of .
et hyl ene oxide; and c W&'&’a&% athey additive igrpt 1Bt BIRFHFPLRe
16 to - 20 nol es et Ie e OXIde he concentration_of the a di

agent in the tYWytg n@ﬂﬂﬁe FL9 &80 FYBRE r Ot i Bf:lll’e(;ﬁmbath

types of ot her bat.h consti tuents ent Sir allo 03|t

](c:orrp?m t Ion t UeRLS PrRgenty e Geg:b% Pff %p%é %’etg'd and whether
uncti ona ecor at,i e n o B

is errpl oyed [ ﬁ]q% %%#e&gl? | ve FS @#i’%%ﬂ %L' &E’e‘?ent&of gﬁ&tve

grain of émﬁ,_l: rodé‘?@ g%éﬁgmé f ' t

during the el®C r%%epos I on p¥oc SS b en ance %ﬁgs?}%n d ductq?ll ity

of the deposi &&916 hgrfutRsbealy, ppdaidden tféﬂ:.ﬂéféﬂseof h@neo i toen e
the alloying netal ions in the zinc alloy deposit or to regulate the alloy
coprent at  @ledipBepdtiitf OBl red@sd r@ek tedihcy td-Gormt Be.ﬁdrllwépﬁﬁﬁmg the
concentrations as lowas = .~ 0.005 up to 20 g/1 have been found
usabl e whil e edaediepssieton Probessy to enhanch. €2 efhsion and dubtijlityao® the
nore- typlcal and preferred for nost uses.

-depos:.t to the subst.rate, andeither to increase the codepos:.tlon of the

alloying metal ions in the zinc ‘alloy deposit or to regulate lthe alloy
content at a more unif,o.rm,' desired 1evel 'Foz.' this purpose,
" concentrations as lov as . 0.005 wp to 20 .g/l have been found
-usable while eonéehﬁretions ,of' frcm. 0.02 up to . 5 g/l are'
" more typical and preferred for nost i.\_ses_. | )
The additive agent can be e:rployed by itself in 'cct_rbinat_ion‘
. | w:.ththe 'x'r_etai_ ions in _the."electrolyte to produce a semi-bright
electrodeposit typical of a functional plating. vhen a decorative
: electrodepos:.t is desired having enhanced brightness, supplemental
'bnghtenmg age.nts of the types known in the art can be incorporated in
the electrolyte in the usual amounts. Typical of supplemental
brighteners that can be etployed to further enhance the crystal
lst.mcture and bnghtness ‘of the zinc ~alloy e1ectrodepos:.t are those
disclosed in United States Patents No. 4,170,526; 4, 207 150; 4,176,017;
4,070,256 and 4,252,619. When enployed, such supplemental bnghtemng
agents can be used at concentratiohs up to ‘about 10 g/l with
7



The additive agent can be enpl oyed by i t's'_el f in conbination with the metal
ions in the electrolyte to produce a sem-bright el ectrodeposit typical of
a functional plating. Wen a decorative el ectrodeposit i-s-desired having

enhanced brightness, 'suppl emental brightening agents of the types knawn in
the art ‘can be incorporated in the electrolyte in the -usual 'armlﬁhy

" Typical of supplenental brighteners that can be enployed to further
~enhance the crysontestmadtioesanasbrlight nass aboutte A0l 19l being

el ectrodeposit ar&rihpeq vl scl oq%,_@apg t ed @t %d%aé&gi-gt%n 4°§70t536
4,207, 150; 4,176, 017;_ 4,070, 256 and 4, 25 '619. Wen- enpl gyed, such

~ suppl enental  bri gFHERIeRERER( ?régﬁtﬁélﬁgecﬁ%ﬁn%ntéﬂ? a r(ﬂ‘l,k ?RP‘EB 3b8ut
10 g/1 with 7 - @pne@ram@&i;oslsyns |l ow as -about 0.001 g/1 being

effective. Typi cal | concenty ati.qn t he. suppl ntal .
bri ghteni hg agents ran %‘3 ﬁdgﬁ% 3t o. L}%’? o%fﬁfo‘?é]%ﬁﬁu gggn%gg’lt 3
to the foregoi ngoptioaatll ad:oaaclld:mterdrm Mteleehmlyite]ecenecﬁuntbee
can further incl clud a%nlﬁ‘%ﬁ'ié’meﬁflgitédgﬁﬁyég %cﬁuéseﬁﬁffﬂ sbahb bath -

nmodifiers such as aceti.c acl enzol c acid, :. cylitc acid,
amoni um chl or | de@@d fdiers | Kachpash k¥ i @Cift c8RE&IIG| %céélrt denzaisgs

ammoni-um sul phat %clemauaeyn&l cadlcae @mmaﬁﬂﬁmdehlo&mmaﬁa fther anéat e,
magnesi um sul phat odi ph and i ke gan al so be empl o in
amounts usual l'y ré‘#@ﬁ lif“rl?)fﬁ Lf’p°m?6 g&@ st(‘? G c?gafgpm?’xé“m
el ectrical conduc&mlzphyt@f, trmmadaerumolqhkorfd;qol ozl | promide, emmomiomty
23: Lﬁangfgg“;ﬁd' uoro% éé Sﬂé&ﬁeé%ﬂ s33 phaltle r's‘lﬁﬁum S&Pﬁ'ﬁé@é and
o the 11ke can also be employed in amounts usually_ o’
rang:.ng from 20 up to 450 g/1 to increase the _
electrical conduct1v1ty of the electrolyte. Typ_:.cally.,-_ _
such conductivity salts comprJ._se alkali metal salts
such as’ chlorldes, ~sulphates, sulph_amates -and
fluoroborates. ' | B '
In accordance w1th the process aspects of the present
_ -inventlon, the zinc- alloy electrolyte is employed to.
~ electrodeposit a desired z:.nc—alloy on a conductive substrate.
employing electrolyte temperatures rang:.ng from roam temoerature
(60°F ar 16°C) up to 180°%F (82°C) and more typically, from about
70°F -(21°C) to about 140°F (60°C). The electrodeposition of the
“zinc alloy can be carried out at. current densities ranging from as . .
low as 1 up to 2000 ASF (0. 11 to 220 ASD) or hlgher. - For o’
-chlorlde-type electrolytes, current densities of from 1 to 80. ASF
(0.11 to 8.8 ASD) are generally preferred whereas: for sulphate—
. type electrolytes current densities of from 20 to 2000 ASF (2.2
. to 220 ASD) can be employed Durlng the electrodepos:LtJ.on'
proces_s,' the bath or electrol_yte is preferably. .a.gltated
mechanically .or by solution circulation or part movement. - Whlle '
_air agitatlon can be employed ’ the use of air agltatlon with
electrolytes contain.mg iron ions is less desirable due to the
| -tendency to increase the formatlon of ferric ions in the bath.



In accordance with the process aspects of the present invention, the
zinc-alloy electrolyte 'is enployed to electrodeposit a desired zinc-alloy
on a conductive substrate enploying electrolyte tenperatures ranging fran :
roap;te r-ature (60[err]F or 16[err]C) up to 180[err]F (82[err]C) and nore
typi C%{nee from abOUtIr?%E&E]rF t@%@ffh@r tﬂﬁ?@ﬂ&a%o[tﬂ}{élglé‘é‘%[fﬁ%@ '

~The-el ectrodeposition of the zinc al can carried out at curren
densities ranmlﬁ??ﬂ?ﬁi%ﬁ?qoﬁpgsPEQﬂ? Fhobhaspregert daventicm) the
hi gher. For chlfslilswingpeetimsles®latesprovided; debsiilbsbefuhdepstosd 80

ASP (0.11 to -8. e 1 I ferr d wWh as.for te-

el ec'grol ytes, 8#@\5%)) %é%s??’?ggs&géfp % (?Vzlcfg%gAS?—o 2 ifbg'g%ﬁfﬂs%g can
be enpl oyed. ' ‘DpurRPSdR ehéctandepotl tmirerpﬂe;tete be hdimithngr of the
‘electrolyte is éﬁ&éﬁ@f"ﬁ’ éééﬂt”ﬁﬁbéﬁtgah' sorh %P'&{éé&fh%d Cyh@Lion

or part . novenent t1on can be enpl oyed, the use alr
agitation with @r%cﬁqfolﬁﬂ@ c’dht%l’f%lﬁﬂf’j?’d?ﬁ‘?o?%a’r‘%ﬂess desirable due to
the tendency to increase the formation of ferric ions in the bath. 8  In
order to further illustrate_th ! Eogng 2] . elnq process of the

present invention, the fol | &% w il be . :
under st ood t hat the d&mnpl;aeoama mbﬁndectl‘flnriﬂéu&&tmi iekeptrpdyds atsl are

t t ended t
Goscr i bed and adiendstd | Bi8hpRc SGDBCBLsLHIny, LY pEIEBRNE £E15F1 C 0
Exanpl e) An aquesitaining %|s/1deft ?B@celcé'é{qréldﬁoews“pr‘l/ﬂar%ﬂ %Q#thl e
for deDOSItlngétﬁde&déﬂﬁéia df&tépnhasmgﬂlZ%kgébdﬂﬁmZbBQO&haaW§$ al0.4

g@L’of CObalt C@éﬂ&uéi f%gwea L8 2&7 /q/ O%orqglggleéglék% Eferlng
' ' ‘agent, and 1.75 g/l of sodium benzoate as a bath
' modifier. The pH of the electrolyte is adjusted at 5
employing hydrochloric acid or sodium hydroxide as
necessary. _ - -
The bath is controlled at a temperature of 70°F
(21°C) and standard clean steel Hull Cell panels were
- plated at a current of-T_ampere fof a period of ten
minﬁtes without_ény agitation. A dull, black to grey-
blaek non-uniform depoSiteWas 6btained having a'grainy
. appearance. Deposit is dendritic and not commercially
acceptable.' Upon analeis, the alloy deposit on the
_ panel within the current density range of 20-40 ASF
o/ '  (2.2-4.4 ASD) contained 7.44 percent by weighﬁ'cobalt;
| " in the 10-20 ASF (1.1 to 2.2 ASD) current ‘density
- range, the alloy contained 6.50 percent by'weight
cobalt; and in the current denéity-range of 0-10 ASF
(0-1.1 ASD), the alloy- -deposit contalned 2.61 percent
' by welght cobalt. '

E EXAMPLE'Z'(A Comparison Exaﬁple)
' To illustrate the effect on the alloy content of known
technology using nonionic addition agents, to the electrolyte of




conductivity salt, 20 g/l of boric acid as a buffering agent, and 1.75 g/l
of sodi um benzoate as a bath nodifier. ‘The pH of the electrolyte is -
adj ust.ed at 5 enpl oyi ng hydrochl oric aci d or- sodium hydroxi de as necessary.
‘The bath is controlled at a tenperature of 70[err]F (21[err]C and-standgrd
- clean steel hyldmdid b, mREPLoSEIee pbanetcablancniorit adlit iyepeyent 6O sing
per{od of-ten mnutes w.fhout any agitation. A dull, black to grey- black

non- uni f or m dethosylateds (Cp4-e gbdfattyi adochadr ammbpmmalﬁambes Bshvkene” exide,
dendritic and not commercral I y _accept.abl-e. . - Upon analysis, -the alloy

deposi-t on the p’amﬂarﬂn tHild toedlc hesknipapehswes egaie platesi gundes Ft@z same,

ASD) contained 7.44 percent by wejght cobalt I n the 10-20 A% ( to 2.2
ASD) current mnmaasg g@“ﬁh e@%ﬂ%"‘ FiPEnf ?&t was

-cobalt; and in the current densi t nge of F (0-1.1 ASD).. .the aII y -
deposi t' cont aFHEemD shlverrviite ?&o\ea‘gﬂ%ﬁh %I\)%E‘Ee?'l‘ %'gdﬂﬁ of |

| Exanple) To ill
asimb! i oni @b 9 o%fﬂg%n%i%ha"[‘t%“c&eaﬁtc’x? 3{&‘ £7-3%- Keﬁ%) t 89998*‘987 |
of the Commr@éﬁéltlpﬂtﬁﬂgé,atlldetallbomgeomtcmedsmﬂg peoszeytabﬁdWFéEh]: ~°baltr

fatty al cohol ﬁal ngoﬁsfmhfsleﬁ hylggﬁ) OXhffend ggﬁgge{,drgygé ,Cehk hesby

panel was ag e sane conditions as I n Exa |
resul tant zi n@omtamye@e’{bo%ﬁtpmgenhbﬁr‘ﬂ?éﬂh’&e?o%?-?e ”éaeﬁPtHﬁ E%\%%;{}Qﬁ 11 asI

th t 4 0. 54 gt
€ CurLGRSD?%entéggﬁfty gk, 430 A1dy 4 BRESiAea 1011306 3Rr8ntASy weight

- (2.2-4 range, the al'loy contained 0.94 percent by

wei ght cobal teghait, | This level of ccbalt supression is too severe to provide the
'doublmg of corros:Lon res:.stanoe des:.red fram  such an alloy Inu -
addition, t.he electrolyte requu'es ooolmg to stay stable, for the
add.tt:.on' agentj clouds out at 105°F (41 c) ...when the add_ltlon
-agent loses eolubility and therefore its effectiveness.

" To the electrolyte as descnbed in Exanple 1, 2 g/l of
add:.t:.ve agent of the present :mventz.on was added corprising a-
' ca.rboxylated ethoxylated C-13 fatty aloohol oontam.mg 18 mo1e= ethylene

,ox1de. A standarﬁ clean Hull Cell panel was again plated unde" the same '_
ccnd:tt.mns as descnbed in !-:xanple 1 and the nesultant zinc alloyu

deposztt was of a umform s:l.lver-wh:tte, sam—bnght appearance mth:tn the

'_tcurrent density range of 0.1-40 ASF (0.011-4.4 'ASD). This
depoeit'is commercially acceptable for use. In the 20-40 ASF .
(2.2-4.4;ASD)tcutreﬁt-density_range, the alloy contained 2.55
percent by weight cobalt; in the 10-20 ASF (1.1-2.2 ASD) current
density rahge, the alloy contained 1.15 percent by weight _
cobalt, and in the 0- 10 ASF (0-1.1 ASD) current density range, -
the- alloy contalned 0.52 percent by weight’ ‘cobalt. This

- commercially acceptable alloy gives the requlred corrosion

're51stance to make 1t economically feasible.  This electrolvte

10



in the 10-20 ASF (1.1-2.2 ASD) current density range, the alloy contained
0.56 percent bv weight cobalt; and the 0-10ASF (0.11 ASE current density
range, the.alloy contained 0.30 percent by weight ccbalt. This |Ievel of
cobal t sgpression is too severe to provide the doubling of corrosion
resi- sta ce desired fromsuch an alloy. In addition, the electrolyte

requirgs coolingid® stawid ab’te,eiéwataa a@éﬁhbé@ﬁt&ﬁﬁﬁ ¢haw®y pute RC LOSF
(41[err]C when_ the addition a (gf | pses soéué)i%ié %ﬁ?and fherefore its
ef fecti veness.  EFRPIE S TP 9L AT ST Ho BRT AT TR Exanple 1, -2
g/l of additive agent of the present invention was added conprising a

carboxyl ated ethoxylated C-13 fatty al gphgkp@niai niing 18 noles ethyl ene
oxi de. A standard clean Hul Cell panel pl ated under the sane

conditions as descri Rl Fhepedqateolvied anedresuibadt 0 nExamPLy depodit
was of a uniforgallyeranhaba: tosi algrérgthtoﬂpeﬁar pResewt! mﬁédtqcﬁurw&@t

d t f 1 40 ASF 011-4 D d II '

accept bl o for @Aed | pdmer 48105 Acropsboky Laved) SERRRNAa teflo A A%hge

the alloy cont alaihablﬂ:JSScpntaianind;y 1\Eemg$11esoeahy1ene folxel B0 - 20AASF1ean

(1.1-2.2 ASD) CLLftE dY @Ei‘f' E%bi *l?alé‘ é%%f tlQ'tQ‘éd uhab? %{eceéﬁm%)y
| n

wei ght cobal t, rent density range
al | oy cont ai ned @@ibépe‘}@ntaﬁy mgm-bédbaitl EPFﬂIBPéGrWﬂer @erQWChEGepQ abl e

all oy gives the J&ﬂ!b&%’ C%&rp&éeumﬁtét an&emtlaﬁ@kghttt ééﬂnﬁt@ﬂé&!b'n&y_
feasible. This el ectr was st abl e el evat edt eratures
e el . o ey aha iRy At R T ent ded tpritange
EXAVPLE 4 To t heofel @ct~dl0ytzsms (de9dni-beod i ASE»aanepdm &rga(lysﬂ.san the
additive agent(glﬁ£F 8&58§E£ fﬁ“%%éOQdW%% ASF (2.2-4.4 ASD) current
density range contained 2.01 percent by weight cobalt;
in the 10-20 ASF (1.1-2.2 ASD) current dens1ty range,
contained 1.43 percent by weight cobalt, and in the 0-
10 ASF (0-1.1 ASD) current density range contained 0.52
‘percent by weight cobalt. The electrolyte was stable
at elevated temperatures of 140°F (60°C) requiring no

cooling in commercial operations.

EXAMPLE 5
Tb the electrolyte as described in Example 1, 2 g/l of an
additive agent of the present invention was added comprising a
carboxylated'ethoxy1ated nonyl phenol containing 16-20 moles
ethylene oxide. Standard clean steel Hull Cell panels were plated
under the same conditions as described in Example 1 producing a
uniform, silver-whibe, semi-bright.cxnnﬁzcially acceptable alloy -
- deposit between the current density range of 0.1-50 ASF (0.11-5.5
ASD). Upon analysis, the alloy deposit within the 20-50 ASF (2.2-
5.5 ASD) current density range ‘contained 2.38 percent by weight '-
-ccbalt, within the 10-20 ASF (1.1-2.2 ASD) current density range,
contained 1.13 percent by weight cobalt, and within the current
density range of 0-10 '

11



added conprising a carboxylated ethoxylated |auryl alcohol containing 12

nol es et hyl ene oxi de. A clean steel Hull Cell panel was again plated .-
under the same conditions as described in Exanple-1 producing ‘a unlforn1
silyer-white, seni-bright comercially acceptable alloy deposit over he /
.current den§$$y(ﬂaﬂgé &R0, 1 oo tasmed). 0192 4per A4Sy . by Upenghhakpbrdt & { hy/ .
al | oy depos I Lk 0- SF- r tyer
B Geposhhg, BaACRARAST 1ifid dadhADlyEuriep! sERUEL! Ny 81g6stec)

. current dentﬁmyeiféﬁ-@éfesc@ftd-l 1(64% %r@#l@nmgh@oeébam iny gemmgricial

0- 10 ASF (BpéritAsk)s current den5|ty range contained 0.52 percent. by :

wei ght cobal? The electrolyte'mas stabl e at el evated tenperatures of
~140[err]F (60[err]C) requiring no cooling in comrercial operations. EXAMPLE

5 To the electrolyte as described in 1% é (&oﬁfdaz@‘tl% agiehnip 8 agent
of the present inventi.on was added cor ' a car boxyl at ed et hoxyl at ed

nonyl phenol cont ai ning 6- ' et 'I e d,cl

Hul | Cell panels vvep%@ oﬂlﬁéﬁﬁeg%ane con %l'nons a f%egtrlg‘g%dlglr%ﬂal__

Exanmpl e 1 PE I S qg},zgm% é}l‘?gg _
accept abl e a?%ﬂe%gﬁgséq&&gtv\%ergnét dﬁ‘?ﬁ;:te*;s?n ensi: yirang S|120

0. 11-5. 5 h d F 2-
( b1 BN Hi St hatk edﬂ:é@gl SRATHa Y 30 56! tﬁ&u

5.5 ASD) c Sity range contain 2.38 percen by wei ght co
within the 30:2QnA3F 4 bulrhob ASH - FLEAEN o e Ida) . ANgeanaarhat 1esh huld cell

percent by weight "cobalt, "and within the current density range of 0-10

ASF  (0-1. 1p480)s wepat aﬂﬁdpiatéa mr&enélﬁuwywunwbairk same/ cbh@itigharse
zinc. This electrolyte was stable at el evated '

Exanples 1 and 2 and uniform bnll:.antly bnght alloy dep051ts were \J

obtained over the entire current dens:.ty range without szgmflcant
change in the conoentrat:.m of the cobalt in the alloy.
| D{AMPI..E 7
The su;plene.ntal bnghtenmg agents as descr:.bed in Ebcample 6
were added to the electrolyte of Example 3 in the same concentrations
~ and Hullf Cell panels were again plated under the same-' conditions.
Unlform bnll:l.antly bnght alloy: deposa.ts were obtamed over the ent:.re
_current den51ty range w:.thwt 51gn1f1cantly changmg the cobalt
conoentrat:l.m in the zinc-cobalt alloy S | ']

ED(AMPI.E 8 i

'.lhe ‘same sq:platental bnghtem.ng agents as described in
. Exaxrple 6 were alployed m the sane concentratlons in the electrolyte of
. Example 4 and clean steel Hull Oell panels were again plated under the
same ccnd:.tmns as described in Dcamples 1 and 4. Umform, bnlllantly
| brlght zinc alloy elect.rodepos:.ts were obtamed over the entu‘e current'
dens:.ty range wlthout s:.gm.flcantly changing the ccncentratlon of the

cobalt in the zinc-ocbalt alloy.

| o 12



tenperatures. of 145[err]F (63[err] C requiring no cooling in comercial
operations. EXAMPLE 6 (Conparative Exanple) To the el ect rol yte as descri bed
in Exanpl'e 2, supplenental brightening agents were added conprising 60 ng/l-
benzyl i déne acetone, 20 ng/l butyl nicotinate dimethyl sul phate

dJuat en%& and- 50 ng/l 4- phenyl 4 sul pmiz one-sodi um sal t

?};”Sige Condlt1ons of PBcoaross 1 amds St Rde it Pemﬂe?ye' E r%#téh?”def

v thout eé’?éhf el FoomRy ‘“e% %éf&&f?énﬁﬁa | SpfUinERy £1905)1 Yot R awsyate
EXAMPLE 7 T
wer e added . tg Wm#lq)g,gﬁ%%%@%ﬁ}%ﬁe san%agg'gcentra?r@ns an

Hul I Cel | pane} i
brilliantly br |(ﬁﬁ‘e§{'§3 agﬂgepo | tgg%re oﬁ%ﬁed%&g%m#ﬁﬁren lated
density. range ?f eigg(%,{é Caith) qgm N@1cdiRa. Com@l t etoRaRIvEA! hal

n the zinc-co aIt MPLE 8 The sang suppl enental bri ghtening

agents as descédrted1idn B adtiefpSratire Grmi2oyed(s0°¢ hansese Comeanibaht 0ps
in the electrolyte of Exanple 4 and clean steel Hull Cell panels were again

pl at ed under the sane qnecéldcerslyte wes @nploged fobeleptmeefiositing a Fdhé-cimmn
brilliantly bright zinc alloy el ectrodeposits were obtained over the entire
current densitplatengmn vat potdtinggstbet anbly cabladp raf 4 de ameteend £ d/iddn Gof4mm)
the cobalt in the zinc-cobalt alloy. 12 EXAMPLE 9 An aqueous acidic

el ectrol yte iprovidingradsufaceavetocityr ofl @60 f&dados @n/infra z$lﬂllﬁf=m€ high

al I oy cont aining ‘110 g/| of zinc sul phate
—/ speed plating cond1t1ms The average cathode current dens:.ty was about

500 ASF (55ASD). The electrodéposition was car_rled out for a period
sercs prodicing a plating of abot 0.5 mil (13 microns) thick which vas hustras
fine-grained and of semi-bright appearance. Mo dendrites were bresent
at the edges of the cathode Upon analys:.s, the iron oontent of the'
zinc-iron alloy ranged from about 11 to about 13 percent by welght with
the balance zinc. A soluble zinc anode was eployed during the

electrodeposition process.

EXAMPLE 10 -

An aqueous acidic .electrol).rte' is .preéared suitable for
depos:.tmg a- zmc-m.ckel alloy containing -205. g/l zinc sulphate
'mmhydrate, 310 g/1 nickelsulphate hexahydrate, 36 g/l sulphuric acid
and 15 mg/l of the additive agent orprising t.he sodiur  salt of
 carboxylated ethoxylated (20 moles ethylene oxide) nonyl phenol. The
electrolyte was of a pH less than 1 and was controlled at a temperature

of 140-150°F (60°--66°C) .

13



rmnoh;;d'r ate, 310 g/l of ferrous” sul phate hépt ahydrate and 250 ng/l of the
addi tive,agent conprising the amonium salt of car boxyl at.ed- et hoxyl ated (12
mol es et hyl ene oxide) |auryl -alcohol. The electrolyte was

»

controlled at a tenprature of 122[err]F (50[err] € and at a pH of abov N
a .

The el ect r ol yte aq:r*{%l el ect.r ep05| ti ng zinc-iron plate o
rotating steel A\rN%} cat %é:g,d %t cell a‘fﬁa‘mﬁ Swas 1 ?@mﬁﬂb?ﬁmﬁlw@.he t
surfdce vel oci t PlSCtrodyte was Eeinged ovext m4d aid ckwiasap %
-condi tions. Theogvgrzggq-t%{llgpct@gcgﬂ/ﬂtrht) %q:ny ?, t[ about 500 ASF Jféhg 3 _

The el ectrode pOiI tion was carrie
pl ating of aboufP8% H00( §§Fm(ér1@n§)smhlf(ﬁr mlpcdrm sty (Bé?ccfrid‘sﬁ - ai ned: !

and of "seni - bri ghrbdappeahaad.&oy Datendis LpuuteloR A Gt dlly L edges of .
t he cat hode." UpgR R gg%y S ge |ro ntent of the zinc-1ron a‘ﬁd& ranged ;
from about 11 to about T3 p@f‘c @I‘FP Cemord sisgadead dantainiha

. soluble zinc anode was enpl o ed dur| ng f el ectrg%posmlon rocess icke
EXAVPLE 10 An  YeflfeoRerosgt gi &2 V@’ect“faél yﬁp rep 1

depositing a z nc ni,ckel.. all aln zinc s haf
nonohydr at e, 3161%% Fs@ﬁ%P g‘?’%téméfs 8?? sﬁ"FBhu?#J ﬁﬁnt'

ethoxy at od (20°HH t%%?aﬁf%e aﬁﬁg%%" %ﬁ “ﬁ%ﬁaﬁ?imsrﬁg*%l&%ﬁ%‘@tégﬂm%

of a pHless t ¢an a@a' J%Qfer
'(60[err] 66[err i%ﬁ {iig Astatlonary st I g E%de wag el ectro eposMﬂe’%

110

while the el ect paldlgoNe iy Rla@¥Rich! a tP6L \Hheep ﬁséﬁffﬁﬁénﬂﬁkpglz (@a for

325 ft/mn (99 mMmn) at a cathode current density of about 1000 A

ASD) for a peraoéoobei&n%e%@%vé&nhfQﬂUC&iea&oﬂdSimpkééﬁtﬁﬁc@bﬁv&r Ostahdal /-

(6.4 mcrons)

at:tosph_e_n.c corros:Lon test identified as ASTM 8-537.

A . BXAMPIE 11 |
An aqueous ac:.d:.c electrolyte 1s prepared ‘suitable for

functional,. camercaal zinc of egmvalent tl'nclmess as neasured by the'

dep051t:|.ng a _ zinc-cobalt - alloy omtauu.ng 450 g/l zinc sulphate

monohydrate, 60 g/l cobalt sulphate heptahydrate_, 36 g/l.ﬂlhhurl.c acid, -
and 15 mg/l of the additive agent comprising the sodium  salt of

carboxylated ethmtylated (20 moles ethylene oxide) nonyl phenol

A steel cathode strip was electroplated
employlng an electrolyte temperature of from 105-110°F
(41-43°C) for a period of 13 seconds to provide a zinc-.
cobalt alloy depos:t of about 0. 25 mil (6.4 microns)
thickness. The cathode was physically moved at a
velocity of 325 ft/min (99m/min).employing a_currentl.
density of 1000 ASF (110 ASD). An insoluble lead alloy
anode was employed contalnlng 0.01 percent 511ver. The
resultant’ functional zinc-cobalt alloy-deposit_was of a .
grain-refined, light grey appearance and commercially
acceptable for functional'applications;' Upon

analysis,
14
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t hi'ckness. An insol ubl e anode conprising | ead containina 0.01 percent

sil ver was enployed.. The resultant zinc-nickel- el ectrodeposit suitable
for functienal uses was$ of an adherent, fine-grained grey appearance a nd’
~ugon &l ysis cont ai ned 8. 27 percent by wei ght nickel. The zinc-all oy

deposi tAs. pr aasgolidalbose hOf% FAns Erofl
present i nvent1.on provi or a 50 per cent |rrpr ovementla*] COI’I’OSI on

resi stance -oversl € Wcleapl,, commercial zinc of equivalent thickness
as neasured by the atnobspherit corrosion test identified as ASTM B-537, An

aqueous aci di c -el ect r op \gimilar Riegp o ind %héeeirerewﬁéiy‘fﬁenﬂn&r these same
zinc-cobalt alloy containing 450 g/l z 'sul phat e nonohydrate, 60 g/l

cobal t sul phaendidfibabyBiewithdbt othe spiesbticd cofiaite, adaikile @Béht Qirodhced a
addi tive agent onprising the sodium salt of carboxyl ated et hoxyl ated (20

nol es et-hyl engine<aldpy ndepdsipheontaindng strelyl 0. & apexrmbat by rimightscobalt. The
el ectropl ated enploying an electrolyte tenperature of from105-110[err]F

(41-43[ err] C) foregaingerexaipdé - Gemonstyaties t dher aedpectedi reontriitiipnaldfoythe
deposit of about 0.25 m!| .(6.4 mcrons) t hi ckness. The cat hode was

physi cal |y noeéditivesagentofor \thef codapositianof dhef alloying#gept ng The cincrease
densi ty- of 1000 ASF (110 ASD). An insoluble Iead alloy anode was enpl oyed
contai ning 0.8 #beceppaly |GaBCentrAtdoncdn| %ta}-ltﬂfctﬂxﬁﬁ%ﬁeszﬁ%’ @R tPeﬁPny

deposit was of a grain- ref| ned [ rey appear ance and m*rer ci

accept abl e &P"”%?ﬁ 5?“%7}9 g‘ﬂ?v° 8@ Qfs *‘e% t?ém
conoentration h cobalt al | oy ranged frn 0 25 to 0.3
percent by vvepﬁ%r A%I% %%32 % the sare el ectrol yte under

t héSe sare o

'EXAMPLE 12 (A Comparison Example)
- An aqueous -acidic electrolyte is prepared suztable for

depositing a z:.nc—mck_el-cobalt—:.r_on_ alloy @eposit contemmg 100 g/1
zinc sulphate mmhyérahe, 50 §_/l nickel Slﬂphate hexahydrate, 50 g/l
cobalt sulplate. heptahydrate and 100 g/l ferrous sulplate heptahydrate.
The resultant e’lect.rolyte was at a'pH.o'f 4.5 and was controlled at a
temperature w:.th:t.n the range of 122—130°F
A rotating steel rod cathode as descr:tbed in Example 9
| \/ ' rotating to provide a surface md of 300 ft/min (91m/rmn) was plated at
8 current Gensity of 1000 ASF (110 ASD) employing an insoluble lead acee, Te
deposit was 6 micrometers thick and of a satiny grey appearance. Upon
 analysis,  the a‘lloy,d_eposit contained 74.3 percent by weight zinc; 14.3
percentby weight iron; 6.4 percentby vveight cobalt; and 5.0 percent_by
.wei.ght nickel. -

EXAMPLE 13 | | | |

_ To the electrolyte as described in Exanple 12, 1 g/l of an

additive agent was added camprising the  sodium salt of carbcocylated
15 ‘



conditions but w'thout the presence of the additive agent produced a

zinc-all oy deposit containing only 0.1 percent by weight cobalt. The
- foregoing exanple denonstrates the unexpected contributien of the
additive agent .for the codep03|t|on of the alloying . agent. The increas

t Ee cobalthcong%%ga ?@th aII rox[e’otl fg{?nzhzgaggcent rlogé{]:fn% e 1
‘the at nospheri t t Lunde :

ot R R pvspg'f%?dl yn%sgféma”son' "%'e) oo e %canple-
~ zinc-nickel -c I 10 h ance
Fononydr ate. o8 gé_;'*a%ﬁﬂé‘#%%}r%m?@éy SRR 0 eP d B b 8 Sarance.
o betr ol yie walbel dsiteis R 2k W) SoERlEd) afﬂe?#np%{ 9?%#*%% 3e-5

Eearpi o5 1ot aPeht i wEiant LRh 10 phpsiny ) \Aghepelte dhacr. Pdrede by

plated at a cugeemit Jafeidll OfA 188RafSlr 1d0 ASD) allfY OiRdsfidn K@it bhés
| ead anode. The g??)osm was 6 mcroneters thick andfﬂgc a satiny grey m

appear ance. Up@eoSftiinee with ERafpleo)3 £ER050¢ @0 Rhat I6H Etdrpiel @AbiDVE an
‘wei ght zinc; 14.3 percent by weight iron; 6.4 percent by weight cobalt; dy
5. 0. percent by adgigive nagdst! . cIe¥Ad4L evidentest hmeel.ﬁ@&'md/t eodspos £Ein lml the
- Exanpl-e 12, 1 g/l1 of -an additive agent was added conprising the sodium salt
of car boxyl at edl16ying metak ibas eathi¢vesl where thet addidive agede)ispresenphenol .

A rotating stell rod cathode was plated under the same conditions as.

- described in Exanple 12 producing a zinc alloy deposit which was of a
sem - bright appearance. Upon anaylsis, the zinc alloy contained 63 per cent
by wei ght zinc, 19.5 percent by wei ght | ERPLEQ} percent by wei ght cobal t

and 7. ercent b :
N 4P y An . aqueous acidic electrolyte was prepared smtable for

| electrodepos:.tmg a decoratlve corrosion’ resistant zmc—oobalt alloy
.. depos:.t on bolts :.n a barrel platmg operat:.on. The electrolyte
| _conta:.ned 47 4/1 zinc chloride, 9.4 g/l cobalt chloride hexahydrate, 136
.g/1 sodlum chlonde, 23 g/l boric-a'cid, 0.8 g/l .sodimn-benzoate, a’
_ m:xture of the addltlve agents oarpnsmg 0.5 g/l of the sod:.mn salt of |
~ carboxylated ethoxylated (20 moles ethylene oxide) nonyl phenol and 1.5
g/l o‘ the sodium salt of carboxylated ethoxylated (18 moles ethylene,_
ox.lde) of a fatty C-13 alcohol. In -adchtlon, the electrolyte cantainky/
0 2 g/l of benzyhdene acetone as a supplemental brightening agent.
~ Cleaned bolts were . plated in a oonventlonal rotatmg platmg
'baﬁel'-atmamgamﬂnieammmafemwssm) am at an
_' electrolyte terperatum of about 78F (%OC) U inspaction, t’nel:nlts were
d)served to have a very bright and deooratlve zinc-cobalt: alloy platmg
on the surfaces thereof which upon analysis contained an average of 0. 55
percent cobalt by weight with the balance zinc.

16



wei ght nickel. A conparison of the alloy conposition obtained in
accordance wth Exanple 13 relative to that of Exanple 12 devoid of any
additive agent ¢learly eV|dences the inproved codeposi tion of the

al | oyi ng tal ions ac eved e addltlve agent is present EXAMPLE 14
An  agugbus. aci dic ele g? g enbodiments of

_ SLSSE{?dgEOEBT g QWanor |Ti%?%iroskﬁg%reﬁlsjq2h | erewqa%&ﬁal
ot R B R A i
cthoxyl ated ( SOOLEREIE] variaticr d%*‘ ngﬁ?ﬂ%@ SR ) fhe, proger

sodi umsal t "~ of t&xfgﬂ.qg Bt gl | &@3ifthyl ene oxide) of a
fatty G13 alcohol. In addition, the electro yte contain 0.2 g/l of
benzyl i dene acetone as a suppl enental brightening agent. C eaned bolts were
plated in a conventional rotating plating barrel at an average cat hode
density of 6 ASF (0.66 ASD) and at an el ectrolyte tenperature of about
78[err]F (26[err]C). Upon inspection, the bolts were observed to have a
very bright and decorative zinc-cobalt alloy plating on the surfaces

t hereof which upon anal ysis contained an-average of 0.55 percent cobalt by
wei ght with the bal ance zinc. 16 Wiile it will be apparent that the
preferred enbodi ments of the invention disclosed are well calculated to

- fulfill the objects above stated, it will be appreciated that the invention
i s-susceptible to nodification, variation and change without departing from
t he—proper scope or fair nmeaning of the subjoined clains. 17
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CLAIMS 1. An_aque ﬁ “EM el ectrol yte suitable for electrodepositing a

zinc all oy o e electrolyte conprising zinc ions, alloying

metal ions ( kel , cobalt and/or iron) a bath:"sol uble

ani gni c carboxy ed polyoxyalkylene compound. 2. An electrolyte as

claimed in G a€BAIMSwherei'n the bath-sol ubl e ani oni ¢ carboxyl at ed _

- pol'yoxyal kyl ene conmpound is derived fromthe carboxylatlon of : (a) “the

pol ynerization product (or . reactj X ure yl'ene, o el ected

from et hyl ene bxi deANpraBYrOHES oﬁ‘ﬂ%glﬁ yﬁlt'l 3% es‘t’)}t@é’g Rtures
t her eof ; and/%léa);rdd@p@gh@iyigataoalrw odtmroy (on aeesnbsbrmba,ur'eyxeof o

" nono and poly 0 oundss cted from.hydr ox

al kenyl , alkyd%f €¥9$ qﬁx?ﬁ?%s’f%%reo¥ilégghg %Eééi nge as
claimed in d a{selewte fmomlnﬁckleé.,zmobaclrts ‘and/presienen) naarbakbont of
from15 g/l up u 9 ,ﬁﬁa OBd E6m ﬁh@ 1, 2

or 3, in whi ch® %g‘éﬁi‘h %@?‘kﬁggﬁetég biéo'} sacorrp%difo P%ﬁ cobal

m xture thereof, present in an amount of fromO0.5 to 120 g/I. 5. An

el ectrol yte asycl ai HARAeNRcErIIPLE o XlBiméd !\HI G:llatlhe 1) |vﬂYéf'§1ﬂEthla i ons

‘conprise iron |ons present 1 n an anpunt of froq) 140 9 q{ 1 . An
electrolyte as bathi~felrhle appipnic £3rbgxy ated °xYa Y ene'

- compound is derlved from the carboxylatlon of:

(é) the polymerization product (or 'reaction
_mlxture) of alkylene oxides selected from ethylene_ KJ
- oxide, propylene_oxlde, glycidol, butylene ox1de and

mixtures thereof; and/or .

(b) the alkoxylation product (or reaction
mlxture) of mono and polyhydroxy compoundsselected from -
hydroxyl containing alkyl, alkenyl, alkynyl, aryl, as
well as m;xtures thereof. '

3. . An-electrolyte as claimed in Claim 1 or 2, in
‘which the zinc ions are present in an amount of from 15
g/l up to saturation.

4, Ah electrolyte as claimed in Claim 1, 2 or 3, in . }‘J
ﬁhich the alloyihg métal ions comprise nickel or cobalt
or a mixture thereof, present in an amount of from 0.5
to 120 g/1. o

5. An electrblyte as claimed in Claim 1, 2 or 3, in-

which the alloying métal'ions'comprise iron ions
present in an amount of from 5 to 140 g/1. '

18



~in which the alloying ﬁetal i ons conprise i ron |ons and t he el ectrol

feurt her includes a conpl exi ng agent present in n““"ﬂll "ﬂ ﬁﬂﬂ
na|nta|n an efféctive amount of iron ions in solutlon yte
as cli din daiml, 2, 3, 5o0r 6 in which the al'l oyi'ng ‘metal "i ons

corrpr| i ron i ofs anAnt leeledte@wy(ﬂeytafs ferdfweai nal edgima 1r,edpci 89,3080t

present in-an a n e |ve o _reduce,at |l east a portlon of’ ferrlc i‘ons
to the ferrous s gt%h§éa Eh %?8¥%P8|9F§a§ 1PPSi REBPEASENYTORe ioNSCRAONS 1

to 7, further  cohhe rﬁlf@c%m}kﬂkm \unthed t $npledest an dnmpilmwaig safgfelntl ent
to increase the Fi:é%brdtcahnco%‘iﬂmta'rﬂ’dﬁﬂtOfsﬁ??i%l %‘Ht;
er | ncFﬁél ng?

electrolyte as c gtneg I n.any one of d ai
hydr ogen i ons prB8SERE-+RcaAmauBENPLt drpnodpras aonPéﬂtiPDn10 to 7. 10. An

electrolyte as claimed in any one of Claims 1 to 8, further |nclud|ng
hydr ogen-i ons pr sent to pr Hof from2 to 6. An -
electrolyte as cf aine ﬁi‘S‘ﬁgrSEgES ag zfl(ir?sl d(ao"p oClaim Vi n 3trhe5 01‘
carboxyl ated pob yoiyaWklybhné:heorqidmﬁngs mﬁt—'asbnionm EomBPDSE! 1 Pbn ieﬁh
0.005 to 20 g/l .ad@ thé" Alelt B any _one of Clains 1 to
10, in which the car box;/al Igt egroq )EI yoxyatflLeakll gﬁe %: deBufld 5 “"pﬁ’é’s‘-’en"[’g?ﬂtan
amount of from (P¥SSeRt 51ig |anamount e¢%f:@¢b’hy¢ etes mddigmdatn laastona of-
Claims 1 to 12, péttiderof nﬁéﬂdi@gi&xé?uﬂmﬂﬂ@nfé‘i-r@ﬁégﬂﬂ!é ng 19 agent

present in an amount up to about 10 ¢/l
h 8. An electrolyte as claimed in any one of Claims 1
Y, R " to 7, further_containing cbnductivity salts present in
an amount sufficient to increase the electrical
conductivity of the electrolyte. |

9. An electrolyte as claimed in any one of Claims 1
- to 8, further including hydrogen ions present in an
amount to prov1de a pH of from 0 to 7.

10.. 2An electrolyte as claimed in any one of Claims 1
to 8, further including hydrogen ions present in an

amount to provide a pH of from 2 to 6.

11. An electrolyte as. clalmed in any one of Claims 1

_\// ; to 10, in which the carboxylated polyoxyalkylene
.. compound is present in an amount of from 0.005 to 20
g/l.

12. An'electrolyte as claimed in any one of'Claims 1
to 10, in ‘which the carboxylated polyoxyalkylene
lcompound is present in an amount of from 0.02 to 5 g/1.

13. An electrolyte as claimed in any one of Claims 1
to 12, further including a supplemental brightening
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, A pr depositing a.zinc alloy on.a substrate, the
process ﬁiﬂﬂm “'mmi mgcti ng a cathodically electrifié€d substrate with
an aqueo @i LC electﬁolyte .in contact with an anode; = thé electrolyte
. congrising zinc ions, alloying metal ions (selected fron1n|2£ coba t

and/'or iron) anéganbapﬁes§8¢uﬂpea&hﬁmﬂqﬂﬁxﬂﬁxﬁﬂd%ﬁ%ﬂ pb?y8 alkylene

compound, and continuing the el ectrodepositionof the zinc alloy until the

desi red thickne i's_obtai ned. 5. c 1
wherein the batiism ﬁbP§°§ﬁsc?n|%° ca?'@% é/f %8°§§Fy gyge ne%ngrzio%oéﬂdal
dmﬂvedfromthsmhsbnmﬁaﬁuﬁMefptapesﬁeCQmpwﬂﬁiEQJQQHQﬁouumg gor

reaction m xturg)ia'ih& #%X&%fefébgﬁi ?ece;% @ggpéq:gt

Xi £
propyl ene -oxi de ene oxi: n1xtures ereoﬁ and?or (b)
the al koxyl ati ach;rqadedtect(mlyteacti@n qaxtart) Vbxthmﬁcsl aRBOFA ry h§Beoxy

conpounds sel echedctig é%%?rf@mﬁé'ﬂhﬁ&iﬁdﬁg, ~ahhenyl Eﬁéﬂ@ﬂ'ao@%Y'

as well as m xtures thereof

rocess.as clagj nmed, in 14 or
including contréFrlRGtERe ficomricke oFOPﬁételaé'lqa viEeR) t?ﬁ‘ﬁ? & P&ﬁ'&e of
fCI rom G%er r] 11:5 osg,aqibq_?r ]diid;ﬁ_&:telaﬂabﬁy%he)ad Jﬂolydkymnqemascom@omlad A n
aim or clu |n contr i ng the tenper.at.u tr e
wi thin a range 8P% ﬁ%?e? ﬁtf??ﬁ #%ﬁo ?C3£H§8ghg§ Sﬁgé
as clained in anﬁtdnetmb GeﬂnnedhthxnmnéSs|nswhbth1nhé zinc alloy is
el.ectrodeposited at an 20 . average cat hode current density of from1l to

2000 ASF
' - 15. A process as clalmed in Claim 14, 'wherein the bath

soluble anionic. carboxylated polyoxyalkylene compound '\;
is. derlved from the carboxylatlon of:

(a) the pOIYmerization prOduct _(or'.reaction
mixture) of alkylene oxides selected from ethylene
oxide, propylehe oxide, - glycidol, butylene oxide and
mixtures thereof; and/or o '

(b) the alkoxylatlon_product (or feaction
mlxture). of mono and polyhydroxy compounds selected
from hydroxyl contalnlng alkyl, alkenyl, alkynyl, aryl,

' as well as mixtures thereof.

' 16.. A process as claimed in €laim 14 or 15, including
controlling the temperature of the electrolyte within a
range of from 60° to 180°F (16° to 82°C). '

17 A'prooess as,¢1aimed“in Claim 14 or 15, including
controlling the temperature of the electrolyte within a

. range of from 70° to 140°F (21° to 60°C).
18. A process ' as clalmed in any one of Clalms 14 to

17, in whlch the zinc alloy is electrodep051ted at. an
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(0.11 to 220 ASD). 19.° A process as claimed in any‘ﬁﬁe—Bf’Erarﬁg,IZﬂto 18,
gncludlng controlling the concentration of the zin “ﬂnﬂ“lw ‘ one or
both of the nicKel and cobalt ions to provide a 2|§§N®¥m W ng from
0. 1({ 0 percent by weight nickel and/or cobalt ptockss® as clai med
f.n any~one of-Clains 14 to 18, |nclud|ng controlling the concentration of

zinc itons, iron ions, and either one of the cobalt ions and nickel ions to
el ectrodeposit -a zinc alloy containing from1 to 25 percent by weight iron,

from0.1 to 20aaﬁer GaEk6fie Obutramtl derisi th? 8T &I CPbEbt 208b ASF
process as cIa 1 r}c%n%%(i %E?L Clains 14 to 20, including controlling the
concentration *t'he 3& Y pol yoxyal kyl ene conpound within a range
of from 0. 005 to 20 g/ 1. 2. A process-as clained in any one of Clalns 14
.to 20 includinggontyolling %h% ogg§ l]‘hégtl n of the car€ ¥ 14 t

pol yoxyal kyl ene conﬁ% @t g f dﬁ?% g2 é °©
aqueous aci di c 1é ,eatnmlqdmglmmlhihg aheheoacandteactmdmecbﬁmt}fe rzairm: ence-
Lo any one of BXAHIDI £aaTellnde brd b phRANE Lnc?hi o P AR scgﬁlt

el ectrodepositi'ng a zinc al stantially as herein descri
reference to arhPihetof PES?HFrﬁP-e§ zing Rllpoy cantaigingdfrgm 9] 1 to 30

percent by weight nickel and/or cobalt.

20. A process as claimed in any one of Claims 14 to:
18, including controlling the. concentration of zinc
e ' ions, iron ions, and either one of the cobalt ions and
nickel ions to electrodeposit a zinc alloy contalnlng
from 71 to 25 percent by weight iron, from 0.1 to 20
percent nickel or from 0.1 to 12 percent cobalt.

_21.' A process as claimed in any one of Claims 14 to
20, including cdntrolling the concentration of the
carboxylated polyoxyalkylene compound within a range of
from 0.005 to 20 g/1.

2. A procees as claimed in any one of Claims 14 to 20
_ including controlling the concentration of the
W, carboxylated polyoxyalkylene compound within a range of
from 0.02 to 5 g/1.

23. An aqueous acidic electrolyte substantially as
herein described with reference to any one of Examples
3 to 5, 7 to 11, 13 and 14.

~24. A process for electrodepositing a zinc alloy
substantially as herein described with reference to any
one of Examples 3 to 5, 7 to 11, 13 and 14.
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