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é15917§ CARéIER BRI GHTENERS FOR ACI D ZI NC ELECTROLYTES The pr esent

i nveption broadly relates to an inproved el ectrolyte ' for
c{rodeposi ting 5 zinc, and nore particularly, tgrﬁﬁpg 1p0?$ed .

ngg cyanide acid zinc electrolyte containing inproved carrier brightenig}r.

n\s. A variety of aqueous cyanide-frek acidic zinc 10 el ectroplating-
ut)i ons and processes have heretofore been used or proposed for .use. In

§¥@y I nst ances, s acid_zinec el ect tes .contai n pol yal koxyl at ed
oni ¢ surfacta%@gRggthéééﬂl., .é%éé#églgpiiﬂghgkgéﬁBﬁkﬁéﬁﬁnn with

primary and supplenental brightening 15 agents to achieve a zinc deposit

of the desired char eristi LauiLn l,em associ ateq with the
use of pol yal koxyl a’?glf? n%%%lgn%%ct séPf ac%%%#? ggpégrgrllyerrﬁ 'agth?%ng:r% BR prior
art el ectrol yEBPTRYSG &leetrol ¥haeanf pronests daxte begtredeposthithga

cloud 204 pOhﬂhc@Fahﬁ'ﬁbtéebathdeaﬂl§ﬁ”ﬁﬁ”éﬁl!ﬁﬁbo§€&hn8ﬁ-éggnﬁﬁe[err]
(27 to [&rr]). grls.groblfn1|s<%fr her agﬂr vated when the acid zinc

el ectrol yte cBFAS n&lPg £1G65F M YhecrRBhriRIAs iBP RV AE| carrier
constituents, bpaghteniayl yagkrstssal ved netal ions of the periodic table 25
of Goup | and Il netals or amoniumions. The operation of the bath at
relatively high current densities also contributes toward an increase in

t he tenperature theResfarieticofh@auesusgcyanidendonee atisiich zanci er
bri ght engps ta18ckdobildtang ehweidhs dfla piBeRddas v ROLDLAS NS
noni oni c Carrjer brlgatener surfactant 1s attai ned, the carrrer Brlg t ener
i s rendered i REEBr 4BFIeORNBTREOSE O A1+ b ke dnany sinstances, such

acid zinc electrolytes contain polyalkoxylated nonionic 'é§§

~

surfactants as carrier brighteners in further
combination with pfimary and supplemental brightening
15 agents to achieve a zinc deposit of the desired
characteristics. A continuing problem associated with
the use of polyalkoxylated nonionic surfactants as
carrier brighteners in prior art electrolytes has been
the tendency of such electrolytes to reach a cloud
20 point at relatively low bath temperatures, such as 80°
to 100°F (27 to 38°C). This problem is further
aggravated when the acid zinc electrolyte contains
relatively high concentrations of soluble constituents,
particularly dissolved metal ions of the periodic table
25 of Group I and II metals or ammonium ions. The (*
operation of the bath at relatively high current
densities also contributes towaré an increase in the
temperature thereof further aggravating the tendency of
such carrier brighteners to attain the cloud point.
30 When the cloud point of the nonionic carrier brightener
surfactant is attained, the carrier brightener is
rendered inoperative and no longer contributes to a
brightening effect of the zinc electrodeposit nor does
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bri'ghtening effect of the zinc el ectrodeposit nor. does 2 it functio
secondarily as a surfactant to emulsify oils. and other organic
contam nants in . the electroplating bath. The present invent{on
ovefgores or at least mitigates problens'gnd di sadvant ages associ ated\wi { h
prior-art acid zinc electroplating baths Dy enpl oying an i nproved ani oQi ¢’
surfactant carrier brightener, having a substantially higher cloud poin
g/h@ cE i's COWD?li:b|ﬁJrY&t§iert h@boaaamln;yi cael laorhgafaﬁaaﬂtswwlhmmtsaty ,
ri ghteners o et cqnventi ona e ed .achi gvi ng the sa .
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the sanme time elieetmopilatlingi hatbasing the flexibility of operation of the
bath to obtain zinc electrodeposits of the desired quality. The benefits

and advant ages of the_present invention in accordance with the conposition
aspects thereof are ZBSi cREASBRta LpugNtdan cOVARRIARS QNI 8Y7j heast
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compatible with other conventional primary and
supplemental brighteners of the types conventionally
emploYed achieving the same benefits as heretofore
K,i provided by nonionic carrier brighteners while at the
same time substantially indreasing the flexibility of
operation of the bath to obtain zinc electrodeposits of
the desired quality.

The benefits and advantages of the present
invention in'accordaqée with the composition aspects
thereof are achieved by a cyanide-free agueous acidic
zinc electrolyte containing zinc ions, generally in
conventional amounts, effectively to electrodeposit
zinc on a conductive substrate, hydrogen ions present
in an amount to provide a pH on the acid side, and a
brightening amount of a bath-soluble anionic sulphated

'polyoxyalkylene surfactant derived from the sulphation
of a compound resulting from the alkoxylation



3 of a nono- or pol yhydroxy conmpound sel ected fron1hydrox;-cqntaining

_, alkyl, alkenyl,

. th f,.cas well as mixtures thereof. 5 The aqueous acidic zinc electr
ado\t i onal |y and, preferably, does contain various other additive .
the types conventional |y enpl oyed

al kynyl and aryl conpounds, and carboxylic derivatives

r 10 suppl enent al brlghtenlng agints bat h sol ubl e and
conp conductivity salts i ncr the electrical conducti
of el gctrolyte, and the |ike. 15 I n accordance with the proc
aspe ' the pge e ve o]
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other additive agents of the types conventionally
employed including buffering agents,. primary or
supplemental brighténing agents, bath soluble and
cbmpatible conductivity salts to 'increase the
electrical conductivity of the electrolyte, and the
like.

In accordance with the process aspects of the
present invention a zinc plate is deposited on a
conductive substrate employing the aforementioned
aqueous acidic zinc electrolyte which is controlled at

a temperature generally ranging from 60° up to 180°F

(16 to 82°C) and which is operated at an average
cathode current density ranging from as low as 1 up to
as high as 300 amperes per square foot (ASF) (0.11 to

33 amperes per square decimetre (ASD)) or higher

depending upon the specific type and composition of the
electrolyte and the geometry and processing parameters
employed in the plating operation. '

Additional benefits and advantages of the present

on.

ed
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invention will become apparent upon a reading of the.

following'description'of the preferred embodiments
takeﬁ in conjunction with the specific examples

provided.



taken in.conjunctjon with the specific exanples provided. 4 The a
acidic cyanide-free zinc electrolyte in accordance with the conposi
- aspects of the present i.nvention contains zinc ions present in an
- effedgive to el ectrodeposit zinc fromthe 5 electrolyte. The zi
concentration may range fromabout 4 g/l up to saturation; which
concentration is used in practice wll -depengl upon the operating baih
tenperature of the electrolyte.- For exanple, at electrolyte tenperat 3%
about [err] and 10 above, zinc ion concentrations of about 300 g/l and
higher may be enpl oyed.Thd yaqaédhy, atndaei dyahlide-deee! Vithe! eTéctolpse
the zinc ion concgntration,i's conv. 1[}téi allé contrqil ed vm'thinta r%ngé}of
from?7 up to 50 git ARAEARRAS A HEL oy oRPRE 1hieh SRS 188 b nc

i on concentrati orp¥esgsteriziventbonr eidreth khshizine rhogs @résemt3dnumno
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conventi onal ractice by rntroducin Zinc s sSuch as a ¢

sul phate, or 3ul perixolyten dtheottneclen icencentratienm ranorrrge| E5eMg

ﬁ,fif' such ?s hydréasfls&@rhcgm ChpSﬁfap@érﬂtﬁaaﬁidi‘x;orwﬁﬂbﬁh?&&e&‘&iﬂitiﬁnt is
xtures of zinc salts, or a e zinhc chjoride zi nc p e,, can

be enpl oyed if de‘%ﬁ?‘idi% P%%ﬁ n§iildens W%ﬁﬂﬁpepﬁ&‘@%ﬁw ii‘?%h

zinc plating bathsemperaltarreeofiastieonelentridlspt@bor Rbe. example, at

electrolyte temperatures of about 100°F (38°C) and

10 above, zinc ion concentrations of about 300 g/l and

of

~higher may be employed. Typically, in acid chloride-
type electrolytes, the =zinc ion concentration is
conventionally controlled within a range of from 7 up
to 50 g/l whereas in acid sulphate-type electrolytes,
15 the zinc ion. concentration is generally controlled
within a range of from 30 up to 110 g/1.

The acid zinc electrolyte may be formulated in

accordance with conventional practice by introducing a

20 zinc salt such as a chloride, sulphate,'or sulphamate

in an agqueous sQlution along with a noncomplexing acid

such as hydrochloric acid, sulphuric acid or sulphamic

‘acid. "'Mixtures of zinc salts, for example, zinc
U/ chloride and zinc sulphate, can be employed if desired
25 providing a mixed-chloride type bath. Acid =zinc

plating baths_can also be based on zinc fluoroborate. -

The electrolyte further contains hydrogen ions to
provide a pH on the acid side with a pH ranging from

30 about 0 up to about 6 being typical and a pH of from 4
up to 5.7 being preferred. The electrolyte can also
contain additional additives or agents of the -

-— .



The electrolyte further contalns hydrogen ions to provide a pH on the acid
aith a pH ranging from30 about O up to about 6 being typical and a pH
‘4 up to 5.7 being preferred. The electrolyte,can al so contain 5
ofal -additives or agents of t he 5 types conventional ly:~

\ edq including buffering agents and bath nodifiers such as boric acﬂﬂﬁ
AC tIC_.CId benzoic acid, salicylic acid, annnnlun1chlor|de or the like.

eage the éé“&@hvéﬁ'&&l&dan&y é&i‘x%ﬂ??eﬁ' efasf%ﬁt ihPNbuF e tbtg! | Y
enpl oyed in amounts of _aho #gtoa Such inert salts

conventi onal | r pod hers| #Nch As ab°€ﬁ1=oﬁicé§9 i acekieh t he

term "al kal i auztda,i " beszetpl wan,n nsalScialﬂddaS:&d$e dnfinc g | BLELEg@MDNI UM
chl ori de as

ecifi al i such as godium _potassium-
and Iithium yp| ca?l y,iﬁghe co% % }fgegiﬁs%'ggﬁﬁrl §i‘es‘b%ﬁ'8 h¥dHE8ri de or
pot assi um chleenventionacky danodwde hinhe'tprsnletls ibovetmeoeasehethei d zinc

el ectrolyte 'é@éﬁ?i@a@.sic%ﬁdu@%i t b3l l{@rg 3680 lgt%a?ﬁ{d 2 WBle | ow

bri ghtener present in a ht eni ng” anoun nprising

f oani ng ani Oﬁ*%‘ﬁ%hﬁpBIBUP?OXVhl RUBPERESS 9F a%b@'ht @00 dup e &6 eabgut he
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pol yhydr oxy (inrg)nesz.umseér?d:t ef'kai:?”‘m@!a &a' min wq‘li% 'the term
"alkali metal” is employed in its broad sen_se to also
include ammonium chloride as well as the specific
alkali metals such as so'dium,'_ potassium and lithium. \J
Typically, the conductivity salts comprise sodium
chloride or poi_:assinm chloride.

In accordance with the present invention, the
acid zinc electrolyte incorporates, as an essential
ingredient, a carrier brightener present in a
brightening amount comprising a bath-soluble low-
foaming anionic sulphate polyoxyalkylene surfactant
produceable by the sulphation of a compound resulting
from the alkoxylation of a mono- or polyhydroxy
compound selected from hydroxy-oontaining alkyl,
alkenyl, alkynyl and aryl compoundsl, ~and carboxylic
derivatives thereof, as well as mixtures thereof. ' \J

The molecular weight of the carrier brighi:ener or
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yf, alkynyl‘ana aryl corpounds, and carboxylic derivatives thereof

|1, as m xtures thereof. The nol ecul ar weight of the carrier brighteger/’
6 m xtures thereof. e

is generally controlled to render the conpound

in the electrolyte in the concentration desired. C asses of
conpounds enconpassed within the fore90|ng definition include 5

- sul phated al koxyl ated acetyl enic diols, sul phated ethoxyl ated and/ or
propoxyl ated al pha- and bet a- napht hol s, sul phated et hoxyl ated and/ or

he |ike.
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satisfactory compounds comprise the mono or di-
sulphated derivatives of the reaction of ethylene oxide
with the acetylenic glycol 2,4,7,9-tetra-methyl-5-
decyne-4,7-diol employing from about 10 to about 30
mols ethylene oxide. It will be appreciated that the
carrier brightener may contain one sulphate grohp on
the molecule or may contain more than one suiphate

- group depending on the degree of sulphation and the

number of reactive hydroxyl groups on the molecule.

Carrier brighteners of the present invention may
be derived by the sulphation of commercially available
non-sulphated nonionic surfactants such as Surfynol 465
containing 10 mols of ethylene oxide and Surfynol 485
containing 30 mols of ethylene oxide available from Air
Products; the sulphation of beta-naphthol-13 EO
available from Heterene Chemical:; the sulphation of
Carbowax 3350 available from Union Carbide Corporation;
the sulphation of IL-1554 and IL-1562 available from
Imperial Chemical Industries. The words SURFYNOL and

 CARBOWAX are Trade Marks. The carrier brightener may

further be characterized as being of relatively low-
foaming propertles to avoid excessive foam formation
during operation of the electrolyte particularly in the

ecu e or
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| rabl e from Heterene Chem cal; the sul phation of Car bowax 3350 avai l abl e
a~0oNn Car bi de Corporation; the sul phation of |L-1554 and |L-1562

‘av e\ from I nperial Chem cal Industries. The words SURFYNOL and 30 .
/ pX qre Trade Marks. The carrier brightener may further be ,j

chg ‘ﬁb zed as being of relatively |ow foam ng propertles to avoid .

exce e. [f oam formati on during operation pf the electrolyte particularly

int 7 presence of air agitation or severe nechanical agitation

i ncl y circulation of the electrolyte by punps. 5 _ It is further

cont enp atedtrpﬂe$eh¢etho£ylamad[aqatatioan b cgEwere hmechgniwal

ar ¢ comrer oi al I AU 1) PR Y REECHEARR ! AFRRae R RI v )

CO 433 avai | ab/lRM®MRSo>m GAF and 10 Polystep B- 20 avallable from St-epan. The
words ALI PAL and POLYSTEP are Trade Marks. Such. sul phat ed

Do oo Phenel, 07 SR b SR ReRA A R e e
subjected to mphenﬂlﬂBcathn|employedmhhmﬂnpsthdetb&mmwml hydroxyl
fatty al conol s Sroim puishdhedi) CRPHs < Sne, sor b Sed RGN " 7,
Trade Mark. 20are commexcialdy bavahiehley idpedmdenyAdd penpl 6%@361.the
electrolyte inannouRh-1289 N§16pAT Cc-443 L @véliable from GAF and
10 Polystep B-20 available from Stepan. The words ALIPAL
- and POLYSTEP are Trade Marks. Such ‘sulphated
polyethoxylated phenols are: generally less desirable
because of their hlgher foaming charateristics but can

_ be employed in baths which are subjected to minimal

15 agitation to avoid excessive foaming. ' Other
commercially available products are sulphated
ethoxylated fatty alcohols, such as Lutensit AS 2230
from BASF. The word LUTENSIT is a Trade Mark.

20 The carrier brightening agent may be employed in
| the electrolyte in an amount ranging from 0.5 up to 20
g/l with concentrations of from 2.5 to 10 g/l being
preferred. The specific concentration of the carrier
~ brightener will vary in consideration of the ,\)
25 concentration and presence of other bath constitutents,
the processing parameters of the electrolyte and the
type of zinc plate des;red.

A particularly preferred acid zinc electrolyte in
30 accordance with the present invention comprises an
acid-chloride-type electrolyte containing from 15 to
53 g/1 zinc ions, hydrogen ions to'provide a pH'
of 4 to 5.7, conductivity salts such  as



g/l with concentrations of from2.5 to 10 g/l being preferred. The
specific concentration of the carrier brightener wll vary in

contsidération of the 25 concentration and presence of other bath
consfitutents, the processing paraneters of the electrolyte and theltyp
zinc#Plate desired. A particularly preferged acid zinc electrolyte i\n"B
~accordance with the present invention conprises an acid-chloride-typ A
el ectrol yte containing from 15 to 53 g/l zinc ions, hydr ogen [
tod_pr.ovi gle adpkbdﬁmh cHborife7and puhas sianych 1o ide presentain ang -

sodi um chl ori de 0L @S o ryde e [ n i nab t00 to
about 210 g/1, %ﬁgg?Peé?ngbgggn?bgug ggaggr?goagfg'p?ggggFe?&ngnagﬁgﬁnt of
about 15 t.o absuch3ssgborir &gid Hresepht tReanprecupt Pf akoxbodm 8 of

7 5ot e me 8 e P s Sl
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enployed in acid zinc electrolytes in conventional anounts.:
10 - - —

- sulphated
‘polyethoxylated lauryl alcohol (about 20 mols ethylene
L_} . oxide); sulphated polyethoxyla;ed phenol (about 20 mols
- ethylene oxide), and mixtures thereof, and, optionally,

but preferably, primary and/or supplemental brightening

15 agents eg of the types conventionally employed in acid

zinc electrolytes in conventional amounts. '

The presence of the carrier brightener provides a

‘primary function in the electrolyte of producing grain

20 refined deposits and allowing the primary brightener to
function, secondarily, to effect an emulsification of
organic soils, such as oils, which may escape past the
'-cleaner, on the substrates being electroplated. 1In
'pridr art electrolytes employing nonionic surfactant

N 25 carrier brighteners, the progressive accidental
introduction of organic grease and oils on the parts

has occasioned an increase in the sensitivity of the
electrolyte to attaining a cloud point at only moderate
“jncreases in temperature above room temperature thereby

30 rendering the bath inoperative or less effective in
achieving zinc deposits of the desired property and

" appearance. In addition, high electrolyte content had

to be avoided even though it offered operational



The presence of the carrier brightener provi des a prinmary functlon in the
el ectrolyte of producing grain 20 refined deposits and allomﬁng t he _
pri brightener to function, secondarily, to effect an enulsification of s«
org.klc soils, such as,alls, mhlch nmay escape past t he cleaner, on the ;
subgg r affes belng electropTa\ed In priorg art el ectrol ytes enploylng Eail
nonk Oni & _syrfactant 25 carrier brighteners, the progressive accidental

i nt Aodudhdn of organic greaseand oils on the:parts has occasi oned an
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I noperative or Iess efféctive in achieving zinc deposits
of the de5|reGﬁﬁﬂﬁﬂ? tBr kghtenfienr afc&he| prasant oinvention: eproyide
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advant ages suc as . ncrease rowm ng po recess .
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i nvention, pr (h\zugie dmeratingstanpetataresudadh asaodeighi ag 18ORR at ure
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bri ght ener.,, not he solubility imt of the carrier brighte
Addi ti ondlol y, h@hgrggpﬁwapgag tener, not the solubility limit ‘of the

carrier brightener. Additionally, the sulphated

anionic surfactant carrier brighteners of the present o
invention further enable their use under conditions
when the bath his highly loaded with other ingredients,

15 particularly metals of the Group I and II of the
periodic table and also enable operation-ovef a
relatively broad range of pH. In contrast, acid zinc
baths of the sulphate type generally cannot be operated
employing prior art nonionic surfactant carrier

20 brighteners at pHs subétantially below about 4.

As previously mentioned, the electrolyte further
contains as an optional but preferred comnstituent,
primary and/or supplemental brightening agents to

25 further enhance the crystal structure of the zinc o/
| electrodeposit and to pfovide for a broader operating
average current density range. Such primary and/or
supplemental brightening agents of the types well-known
_ in the art include those disclosed in United States
30 Patents No. 4,170,526, 4,207,150, 4,176,017, 4,070,256
‘and 4,252,619. A particularly satisfactory class of
such supplemental brightening'agents is set forth in
Table 1 of the aforementioned United States Patent No.



.anLonlc sur fact ant: carrier bri ghteners of the present I nvention further
enabl e their use under conditions when the bath his highly | oaded wth
ot her ingredlents 15 particularly nmetals of the Goup | and Il of-the
per| dic table and al so enabl e operation over a relativgly broad range
A contrast, acid zinc baths of the sulphate type generally cannot
operated enploylng prior art nonionic surfaggant carrier 20 brightener
pHs substantially bel ow about 4. As previously nentioned, the eIectron{ a
further contains as an optional but preferred constituent, primary and/ or

suppl ement al bri ghbeni, 69 93gent phéo p?i:&mafztytber mﬂsmremeﬁm Cbydghtening -
structure of the zin electrode Si f er egat.i ng
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4,252,619. A part y satlsfactory | asS of such suppl enent al
bri ght eni ng 8gen®s Oils upettor obt § ﬂna¥&bB§efQ§Fe@he af orementi oned United
States Patent No. 1 0/ 4,252, 619 The primary or suppl enental

DT O ening agent s Can et Sk d et N el pIRHAS aMRRREPY B O
concentrations ofprigsentS inventiong tthe agueows agidefzdmncedlectrolyte is
. employed for electrodepositing zinc on a conductive
10 substrate and the electrolyte is controlled at a
- temperature ranging from room temperature (60°F 16°C)
eup to 180°F (82°C) with temperatures of from 65° to
90°F (18 to 32°C) being typical. The electrodeposition
of zinc is performed at an average cathode current

15 density generally ranging from 1 to as high as 300 ASF
(0.11 to 33 ASD) depending upon the particular plating
technique employed, the type and configuration of the
article being plated, the specific composition of the
electrolyte employed and the concentration of active

20 constituents - therein. For acid chloride-type

~ electrolytes, operation at an average cathode current
‘density of from 1 to 80 ASF (0.11 to 8.8 ASD) is'
preferred while for acid sulphate-type electrolytes,' .
\ average cathode current densities of from 20 up tq 300
25 ASF (2.2 to 33 ASD) are preferred.

In order further to illustrate the improved

- aqueous cyanide-free zinc electrolyte of the present.
invention and the process for electrodepositing zinc on

30 a conductive substrate, the following specific examples
are provided. . It will be appreciated that the examples



I'n accordance with the process aspects of the present invention, the

. aquepous acid zinc electrolyte is enployed for electrodepositing zinc on a-
conductive 10 substrate and the electrolyte is controlled at a tenperature
ranging fromroomtenperature [err] up to [err] MAH1temmrmeesoffrgP
o0\ N [err] (18 to [err]) being typicalll The el ectrodeposition of zinc s
ed at an average cathode current 15 density generally ranging from1l
s Nigh as 300 ASF (0.11 to 33 ASD) dependi ng upon the particul ar :

@Y nd t echniddie BEpVdpad a8 ddpkugkgatdire gonaposesfandeazet ndte bei ng

t he suemém&eao&bosmt ilim ot ihbe oF atie ﬁéyése%p'i%é’n@%nt & 3
cdgceAt rati on ti nstituent t.he ac
chl ori de-type l"e (,31% eﬁcgg.be% 4@0% Sa‘?st elfTP ébetr}teat%%m%urrent density

of froml to 80 ASF (0.11 to 8.8 ASD) is preferred while for acid

sul phate-type el ectrol ytes, average Mg qurrent densities of from 20 up
to 300 2% ASF (2.2 to.33 ASD) are_prgggFreng1n.order further to illustrate

the inproved aqueous cyanide-free zinc electrolyte of the present invention:

and the process for agl %@Ue@i!t%p@%liﬁl REnei eqe%r%(iﬁé:%dlt@ﬁe' R I1HAg At €,

the follow ng,s preci at ed t hat

the exanpl es 3¢ ECI IC exan%r?ar aqr‘%f'g%%\{étf‘gvesé)uﬁ\gl&sél&ﬁd ¢l togddemt ended
to be limti nQOOf gt/riepprtmniunm/lehbrdﬂee,szBeg)éll.rbdeserabﬁd ang /as oFet
forth|r1the ¢! @ Fphated carrier brightener. coﬁ%@ypEng sulphated
2,4,7,9-tetra-methyl-5- -decyne-4-diol ethoxylated w1th.
30 mols of ethylene oxide and hydrogen ions to provide -
a pH of 5.1. The electrolyte is provided with air o
agitation and is controlled at a temperature of about

15 85°F (29°C).

A cleaned, bare steel test panel is electroplated
in the zinc electrolyte at an average céthode current
density of 40 ASF (4.4 ASD) and the test panel iS

20 observed to have a semi-bright zinc plate with good
| coverage in the low current density areas. Heating the
elect:olyte to an elevated temperature approaching its
boiling point evidenced no problem of the cloud-point
phenomenon. ' | |

25 o/

EXAMPLE 2

An electrolyte is prepared as in Example 1
further containing 1.6 g/1 sodium benzoate, 40 mg/1
30 benzalacetone and hydrogen ions to provide a pH of 5.1.

A cleaned, bare steel test panel is plated in the
electrolyte at a temperature of 85°F (29°C) at an



An aqueous acid zinc electrolyte of the chloride- type is prepared
containing 60 g/l zinc chloride, 200 g/l potassiumchloride, 25 g/l bori
a@|d 1 g/l of 10 a sul phated carrier brightener conprising sul phate

wp-tetra-nethyl -5-decyne-4-diol ethoxylated with 30 nols of ethyl
OX|de “and hydrogen ions to provide a pH of 18.1. The electrolyte is
provided with air agitation and is controlled at a tenperature of abou
- [err]. A cleaned, bare ste test panel |s el ectro ted in the _zinc .
el ectrol yte at aﬁvﬁér‘?&gé’a%ﬂ‘?ﬁd G Phof QlO“%EF“{i ASRIpRRdng
the test panel ith20plabsérpadetio ﬂsa\a:bsaeseﬁﬁ- feio giﬁvel acfpllaiy wiighgood:
coverage in the Clar d Y, e a oly

%9&5 e %%@&t Rrd tHe éﬁtltﬁ Eugga% enggg% éﬁs%?gﬁlof

el evat ed tenperaturé approaching its porn
t he cl oud- poi nt Ph@n@iﬁmMIOZQHBUMPLEnZa&e%&beﬂrdqm&eretpmgxﬁxﬁ Botin

Exanmple 1 erthegeggQEaﬁglggy o W3- @ %n ate, 40 ng/l 30
benzal acet orie and hydrogen i0ns to prOV| e a pHot 5 1. A cleaned, bare
steel test panel is plated in the electrolyte at a tenperature of [err] at
. an 12 average cat hode current densitpxamMpi® ASF (4.4 ASD) and the plated
panel is observed to have a fully bright zinc deposit over the entire
surface thereof. Heating

An agueous acidic zinc electrolyte of the

10 chloride-type is prepared containing 50 g/l =zinc
chloride, .100 g/l ammonium chloride, 10 g/l of a
‘carrier brightener comprising a sulphated ethoxylated
beta-naphthol of an average molecular weight of about

900; 15 mg/l of isopropyl nlcotlnate benzyl chlorlde
15 guaternary and hydrogen ions to provide a pH of
about 5.5. '

Cleaned steel. parts positioned in a rotating
plating barrel are plated in the electrolyte maintained
20 at a temperature of 80°F (27°C) at an average cathode
current density of 10 ASF (1.1 ASD) and the parts are
observed to have a fully bright zinc deposit. Heating

the electrolyte evidenced no cloud-point problem. '

—/ 25 EXAMPLE 4

An aqueoﬁs acidic zinc electrolyte of the
chloride type is prepared containing 85 g/l zinc
chloride, 125 g/1 sodium chloride, 30 g/1 boric acid,

30 2 g/l sodium'benzoate, 6 mg/l butyl nicotinate dimethyl
sulphate, 4.8 g/l of a carrier brightener comprising
sulphated ethoxylated/propoxylated sorbitol (M.W. 6500)
and hydrogen 1ons to prov1de a pH of 5.2.



the electrolyte to an elevated tenperature did not 5 result in any

cl oud--poi.nt problem EXAMPLE 3 An aqueous acidic zinc electrolyte of the 10
chlorideztype is prepared containing 50 g/l zinc chloride, 100 g/l anmoni um -
chlor/de~10 g/l of a carrier brightener conprising a sul phated ethoxylgbpd

bdt af napht ol of an average nol ecul ar weight of about 900; 15 mg/l of =

i sopropw Ny cotinate benzyl chloride 15 qguat ernary and hydrogen ions to-

pr oui of about 5.5. Cleaned steel parts positioned in a rotating
| at\ el are 4 5 | e gy t i | 20
P pbaledthdd sRReal ephbelsyish NB @lﬁdﬁgtl:t?ggo?ttal%c AR_Fe(1. 1

t enpeNatiur € of [err t average cat hode current )

ASB;) ant—the pR f“.§ehr %33& \%%eggrﬂivseammﬁ%%imdgmt z2néepppsature
Heating the eIeftBOPFté2é?bﬂeatednnmvebﬁghwaﬂﬁteﬁtQ@éﬁgﬁ; 50f 35 ASF
EXAMPLE 4 An a i di ' ‘ e t chloride_iype

prepared cont a?%'lq%; 521 %r‘cz@r\é;c%%%%%%,gﬁzggﬁ/?ggsap{']ﬁf'thlSﬁgdgfrgﬁ gl |
boric aci8l, 30aftergpjla éaguﬁﬁgﬁm%;?nxedstthaﬁnﬁqlfudfptbnaghtdztnbhyl

sul phate, 4.8 g if eHLEEhANII 0 S _

et hoxyl at ed/ pr o?lgg/gllét e?i: sor bibtnol '(I\/IE\%V@%% Oﬁérldég%d;?%ggnqa;e(;%s ttoo %Pow de -
a pHof 5.2. elevatedehrnpenatatreAid BAta eyiigianas mpY ackoudeppiated in

the el ectrol ytpromlehai ned at a tenperature
10 EXAMPLE 6

An aqueous acidic zinc_electrolyte df the acid i_j
sulphate-type is prepared containing 250 g/l zinc
sulphate, sulphuric acid iﬁ an amount sufficient_to

15 provide a pH of 1.5 and 0.3 g/l of a carrier brightener
comprising sulphated pdlypropylene glycol of an average
molecular weight of about 750.

Cleaned steel strip is immersed and transferred

20 through the electrolyte at a speed of about 300 feet
per minute (1.5 m/s) effecting mechanical agitation of
the_electrolyte and is plated at an average current
density of about 120 ASF (13.2 ASD) with the
temperature of the électrolyte controlled at about

25 120°F (49°C). The resultant strip is examined and s
observed to have a smooth, semi-bright zinc deposit ' |
thereover of a_commercially acceptable quality.
Heating the electrolyte to an elevated temperature up
to the boiling point did not encounter any cloud-point

30 problemn. | '

While it will be apparent that the preferred
embodiments of the invention disclosed are well



of. [err] at an average current density of 35 ASF (3.85 ASD) in the presence
of. air agitation. The parts 5 after plating are observed to have :
bright zinc deposit thereon. Heating the electrolyte to an el evate
tengerature did not evidence any cloud-point problem 10

EXANPﬁE 6 An adqueous acidic zinc electrolyge of the acid sul phate-
prepared containing 250 g/l zinc sul phate, sulphuric acid in an a
sufficient. to 15 provide a pH of. 1.5 and 0.3 g/I of a carrier bri
conpri sing sul ptaledlptledptopfudfié 1y whel obfieghsagbougeshatedul bk |
about 750. O eapgd hetloiiod EhakMEHe oth A tlicH S #r8edcdpe il ough the

sp St %bout 30

el ectrolyte at )0 feet per mnute m.s), effecting
mechani cal agi tmefdfistathene| varigitian And i%hﬁ‘)‘l“éﬁeé%’é?mé‘ﬁ gf@%ﬁglegr rent
density of abougrdgOtReFptédBe? HSBbevbthfahe neantngt ofethe thaimissctrol yte
controlled at about 25 [err]. The resultant strip is exam ned and
observed t® have a snooth, sem -bright zinc deposit thereover of a
comercially acceptable quality. Heating the electrolyte to an el evated
tenperature up to the boiling point did not encounter any cloud-point 30
problem Wiile it will be apparent that the preferred enbodi nents of the

i nvention disclosed are well 14




calculated to fulfill the objects above stated, it w be appreC|ated t hat

the invention is susceptible to nodification, variation and change wi thout’

departing fromthe proper scope or fair neaning of the, clains. 15 CLAIMS -

14 An. aqueous acidic zinc electrolyte contalnlng zinc ions .in E@Lﬁ
effective to electrodeposit zih hydr ogen ions to provide a pl Hn

iside, and a brighteni ng anpunt of a bath solUbi'e anionic sulphated

yal kyl ene surf actant, produceabl e gy .t he sul phation of a conpound -

ing fromthe alkoxylatlon of a SRS or pol yhydr oxy conpound sel ect ed

oxy-cont ai ni ng aIkyI. aIkenyI al kynyl and aryl conpounds and

boxy¥ic derivati,ves the S Xtures ther
lyte as cl ailied in al mc‘I e%ﬁﬁhl%ﬁi{r&ﬁe € s RSt eB E&%R}Xltl&/l ene
surfactant | $qntadningn aintodensf inomr). RRourd géffegtiveAn to

el ectrol yte Jih 1 S | yo | kvl ene
sur f act ant |?5éra££ent drfriﬁz;inrti)eun h9d¥‘§?%ﬁ1 %%gs %&@Wigg 4 ?ﬁaéﬁl
el ectrol yte &) acridy sideyaapd ao Qﬁightﬁnmgckﬂmhnnhymﬁ)g%nhm are

present to prswmea aiﬂi@ﬁia‘r:]r @?\il%:ﬁa(te"d PolyoRPatktihel %&ﬁ%&{dﬁ med in
G aim 1. 2 Orprdducea ! Chbjt{ %h y ucﬁﬁlati%r}xs g eapizgxsn%gtuntdo Ipers%“t:.enga

from the alkoxylation of a mono- or polyhydroxy

compound selected from hydroxy-containing alkyl,
alkenyl, alkynyl and aryl compounds, and carboxylic _
derivatives thereof, as well as mixtures thereof. ' -

2. An electrolyte as claimed in Claim 1 in
"which the sulphated polyoxyalkylene surfactant is
present in an amount of from 0.5 to 20 g/l.

3. An electrolyte as claimed in Claim 1 in
which the sulphated polyoxyalkylene surfactant is
present in an amount of from 2.5 to 10 g/l.

4. 2An electrolyte as claimed in Claim 1, 2 or 3
in which the hydrogen ions are present to provide a pH
of from 0 to 6.

5. An electrolyte as claimed in Claim 1, 2 or
3, in which the hydrogen ions are present to provide a

TR



16 pH of from4 to 5.7. 6. An el ectrolyte as clainmed in any one of O gjns.
1 to's "in which the zinc ions are present in an 5 anount of from 4,9/

up to saturation. 7. An electrolyte as clained in any one of d ai
5 wRiph is an acid-chloride type in which zinc ions are present in
anoMnt of from7 to 50 g/l. ‘10 8. An el d6trolyte as clained in an
Clains 1 to 5 which is of the acid-sul phate type and in which zinc
are present in an anount of. frem 30 to 110 g/l. 15 9. An el ectrol yte a
claimed in any 8%o& f@oR k %O t¥”, the electrolyte including primary
and/ or suppl enental brightening agents present in an anount up to 10 g/l.

20 10. An electrolyte_as clainmed i L.m8 i Ji.ch the.prinary d/
suppl-emental bri ght-enisr'lg aggﬂt gq.aercgt%gg?& %% \é\/ﬂaa%%%cﬂti e 124 I%ggt °0. 001
g/l. 25 Claimin TeltextSolipt hdshe ithiemzd nien isms are preSeatndinl amo 8,
further includi ' €¥3#<¥'q?qpql NENt] ¢ Ptd Gt L£Ni Ng agents present in
an anount gf fr%ﬂ%‘%&%ﬁfg g/l. 30 v % An elfectrol yte as cl ai ned
in any one of Cainms 1 to 11, the electrolyte including conductivity salts
present in an amount R to x80el/dotrolyte as claimed in any one of
Claims 1 to 5 which is an acid-chloride type in which
zinc ions are present in an amount of from 7 to 50 g/1l.

10 . . _
8. An electrolyte as claimed in any one of

Claims 1 to 5, which is of the acid-sulphate type and
in which zinc ions are present in an amount of from 30
to 110 g/1. '
15 _
9. An electrolyte as claimed in any one of
Claims 1 to 8, the electrolyte including primary and/or
supplemental brightening agents present in an amount up
to 10 g/1.
20
10. An electrolyte as claimed in Claim 8 in
which the primary and/or supplemental brightening
agents are present in an amount of at least 0.001 g/l.

W, 25 11. BAn electrolyte as claimed in any one of
Claims 1 to 8, further including primary and/or
supplemental brightening agents present in an amount of
from 0.01 to 5 g/1. | -

30 12. An electrolyte as claimed in any one of
Claims 1 to 11, the electrolyte including conductivity
salts present in an amount up to 450 g/l.




are q i n an amount of from 15 to 53 ¢g/l, hydrogen ions are present to
provi of from4 to 5.7, the electrolyte further 5 containing ._
cond ( salts present in an anount of from 100 to 210 g/l a buffer @9
agént EXENt in an anount of from 15 to138 g/l, and a sul phated pol yoxy=¥,
al kyl Airf actant present in an anount of from1l to 5 g/l cogprising a

compou el ected from sul phated 10 : . _
2,4,7,9-tetra-net hyl 13- de3pnaquedugl alcid lehdonkied wpd Bbnc ebkstro-

ethyl ene OXig%e in SHPERT 29 ne! Hne ad pd/ pronayl aiﬁdaﬁoral?d&ﬁ(llt( w
6500), sul phated et hoxyl ated nol s et hy|l ene oxi de) beta- naphtho 15

(15T _ ,
sul phat ed pol yEFRBx}P P 3 i hadapgen(i0Ra3 o0 RAfSeREHD ARO Bbifge)
sul phat ed E\Ol y@lg Raxyb &t efir phend! tabsu? ,20enel e Pelt o yié d€)r i r
m xtures thereo

: f I od |t
conduct i v sub%??'é?zgnm?cﬁoBPélé&%g%ct%:wgﬁcﬁegéi g%sgsﬁggr&?})?é)@g%%'ggﬂ';ﬁb?g on e .

substrate w thfromag@®ou a21@ig/1i rc mhEferdng eaganticbresentn finyaane of
Clains 1 to 13 | 8¢t £Q3aPas ty i 0 e L,red 25
t hi ckness. 15.a'ﬂ§\q8(rio§gsg as ?ﬁaieﬁﬁeg’%rﬁ]@ éinama§4‘,’ Sﬁ?éh%‘ft%c# %dglspgtﬁké
further step adkylene sirfagtanfepressartadsy anoimenatepEcironyt &abthin a

range of from g/l comprising a compound selected from sulphated
10 2,4,7,9-tetra-methyl-5-decyne-4,7-dlol ethoxylated with

30 mols ethylene oxide, sulphated
ethoxylated/propoxylated sorbitol (M.W. 6500), ST

sulphated ethoxylated (15 mols ethylene oxide) beta-

" naphthol, —_——

15 “ sulphated

' - polyethoxylated lauryl alcohol (about 20 mols ethylene

oxide), sulphated polyethoxylated phenol '(about 20 mols
ethylene oxide), and mixtures theireof.

20 14. A process for electrodepositing zinc on a
conductive substrate which process comprises the steps
of contacting a substrate with an agqueous acidic zin¢
electrolyte as defined in any one of Claims 1 to 13 and
electrodepositing zinc on the substrate to a desired

25  thickness. ' : o/

15. A process as claimed in Claim 14, which
includes the further step of controlling the
temperature of the electrolyte within a range of from

30 60° to 180°F (16° to 82°C).

16. ‘A process as claimed in Claim 14, which
includes the step of controlling the temperature of the

I e

¥



o -

30" [err] to'[err] ([err] to [err]). 16. A process as claimed in O aim 14,
wht ch i°ncl udes the step of controlling the tenperature of the 18
€lectrolyte within a range of from[err] to [err] to [err]). 17. A
as Bhgined in. Caimi4, 15 or 16, 5 t he process including the stép of
control ling the average cathode current degsity during the step of
el ectrodepositing zinc on the substrate within a range of from1 t
(0.11 to 33 ASD). 10 :18. A process as claimed in C aim 14,
16, in which thelelcdrtobyyeewithofntderaaige it of +dm- 6B.td 0 Pr OCE
i ncludi ng the s{gp3odc ontrolllng the average cathode current density
during the step of elecfrodep03|t|ng zinc on the substrate within a range
15 of from1l to 80 ASF (0.11 to 8.8 ASD). 19. A process as clainmed.in

Caim 14, 15 or 16, Immhlﬂpfaeeglses%r elwﬁnéa pﬁ ¢08i7Ch4 Sh'%paét ?gtype
t he proces |nqéﬁd|n t he stg quggntr e 20 average catho
current dehsity“dfir BFPIHRES s 5}5 chtétllﬁj gG?Ptl‘?ﬁ sPRE sl LAag eker at e
within a range avefrage 26athod@0 ASFréAt? denSBtASBur ity 36he step of
electrodepositing zinc on the substrate within a range
of from 1 to 300 ASF (0.11 to 33 ASD).

10 18. A process as claimed in Claim 14, 15 or 16,
in which the electrolyte is of the acid chloride-type,
KJ the process including the step of controlling the
average cathode current density during the step of
electrodepositing zinc on the substrate within a range

15 of from 1 to 80 ASF (0.11 to 8.8 ASD),

19. A process as claimed in Claim 14, 15 or 16,
in which the electrolyte is of the acid sulphate-type,
| the process including the step of controlling the
20  average cathode current density during the step of
electrodepositing zinc on the substrate within a range

of from 20 to 300 ASF (2.2 to 33 ASD).

30




