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This invention is related to a nmethod of el ect afgned(
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trivalent chromum Decorative chromumplating is popularly
enployed in plating industries to provi de. a decorative plate with a

dlesi rabl e br :Ag NO@L@IFDHoDrmmDmﬂmmeﬂmUNpﬁmATm@f omi um
pl ates are electropl ate | nt chrom um
However, many attenpts ovgmmwpmm@wwve been made to
devel op a commercially viable process for plating chrom um using bat hs
containing only trivalent chromumsalts, as a replacenent for the process
usi ng hexaval ent chr onfTHIBFIBERANDEBACK CROUNDGF BSERNTION! | ous heal th and
environnmental hazards; it is known to cause ulcers and Is believed to cause
cancer. The cost of disposing hexaval ent chrom um pl ati ng baths and rinse
water is ever inpgreasing. .Further, plati from .hs cont ai ni ng, hexayal ent
chromi um has | i elﬂv%’t?glé_r‘? ﬁﬂatﬁg\kgra_ ?ﬁ%‘oﬁ? gfseé‘??gf’gﬁé'ég (¥ QE%PBWO%IUWS( of
i nterrupt i gremi@h dndEHHEMitnk 8lldYs HBPbdths dbonBiinihl ﬁﬂz‘dléchf‘?:r&ﬂ rcially

and, triv
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as a replacement for the process using hexavalent chromium. Hexavalent chromium

presents serious health and environmental hazards; it is known to cause ulcers and is
believed to cause cancer. The cost of disposing hexavalent chromium plating baths and
rinse water is ever increasing. Further, plating from baths containing hexavalent chromium
has limited covering power and is sensitive to current interruptions, and hence its
probability of producing commercially unacceptable deposits is higher. On the other hand,
trivalent chromium baths have good covering power and the trivalent chromium plating
process is essentially unaffected by current interruptions during the plating cycle. Most
importantly, trivalent chromium compounds are much less toxic than hexavalent

chromium.

Although the desirability of using trivalent chromium plating are well recognised it
has not been able to supplant hexavalent chromium plating in industry despite extensive
attempts to develop and improve on trivalent chromium plating processes as shown in the

following summary of the prior art.

U.K.Pat.1144913 describes a trivalent chromium plating process in which the bath

contains Cr(III)-dimethylformamide complexes.



2 U. S. Pat . 3917517 descri bes a bath containing one or two weak

conpl exants such as hypophosphite and gl yci ne. U. K. Pat. 1592761 and
U. S. Pat . 4054494 describe a trivalent chrom um plating process in which the
bath contains Cr(lll)-formate conplexes. This trivalent chrom um plating
process, called Aleca-3, has been in use comercially since its

I ntroduction in 1975. U. S. Pat . 4062737 descri bes a trival ent

chrom um pl at i Ng.Stab82E%5 17 desvhibeda bdtke chrithiRing@nt af fio wgaleciisplexants such as
Cr(lll)-thi oc na}(taigq compl exes. In U. S Pat.4161431, the above process is
nodi fi ed DVPP SRefh WCHYDRE-a second conpl exant such as gl ycine, aspartic
acid, formate, acetate and hypophosphite. U. S. Pat. 4278512
describes a trivalent chromiumbath in which the conplexant is thiocyanate
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chrom um deposits produced fromsuch a bath have a |ighter col our, conpared

to that ushrasasy inntaehnee batho pontains iCrdIxfarmeter cmiplenesalhis trivalent chromium

U. S. Pat . 45Q2927 and JP.Pat, 55119192 describe trivalent, chton um bat hs using
an am no a@ groggspfpfaéi;g egaaihl}aggbegg ga e (90135}659131& PIPCS B8 ARtRAUCHRN 4t d
and i m nodjgggeti c acid. Sonme sul phur species such as thiosul phate and

thionate are al so added in the baths to pronote chrom um deposition rate.
U. S. Pat . 4053374 describes a trivalent chrom um plating process in which the

bat h lycaql.i i I t ] U. K Pat. 1602404 and
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modified by the addition of a second complexant such as glycine, aspartic acid, formate,

acetate and hypophosphite.

U.S.Pat.4278512 describes a trivalent chromium bath in which the complexant is
thiocyanate but the concentration of trivalent chromium is very low, about 30 mM. The
chromium deposits produced from such a bath have a lighter colour, compared to that

usually obtained from a trivalent chromium bath.

U.S.Pat.4502927 and JP.Pat.55119192 describe trivalent chromium baths using an
amino acid as complexant such as aspartic acid, nitrilotriacetic acid and iminodiacetic acid.
Some sulphur species such as thiosulphate and thionate are also added in the baths to

promote chromium deposition rate.

U.S.Pat.4053374 describes a trivalent chromium plating process in which the bath

uses glycolic acid as complexant.

U.K.Pat.1602404 and U.S.Pat.4374007 describe a plating process in which the

anolytes are separated from the catholytes by a perfluorinated cation exchange membrane.

This process can overcome the problems caused by the oxidation of trivalent

chromium and the oxidation of other constituents of the bath at the anode.



Thi s process can overcone the problens caused by the oxi dation of trival ent
chrom um and the oxidation of other constituents of the bath at the anode.

3 Alternatively, in U S Pat.4184929, 4392922 4439285, 4477318, sone
additives can be oxidized at the anode in preference to trivalent chrom um
and ot her constituents. u. S Pat 4432843, 5196109 suggest the use

of additives which are nore tol erant to3the presence of one or nore

contam nati ng nAltemativells i8UCIS.RR8.41849R9] 439D9DT 4489785, 44071 saimd dddatbess
wel | as organi c contam nants such as excess wetting agents or brighters.

In U.S. Pat Sandsrxitized astheapeds nanefpenecto devalentehiadur andebpradopifuetie
trivalent chromumbaths. This bath is obtained by reduction of hexaval ent
chrom um . JP. Pat . 54087643 describes a trivalent chrom um pl ating
process in whi cf sopel 4432843, @1%’!@9'3&%&%& SsPbCaddfiRes WhichAUPhR¥ARIRant to

JP. Pat . 55031119 describes a trival ent chrom um bath usi ng urea or formam de
as a conpl theprasence of one or mpre contdgminagiog meltalm sachcasmieket; izetic] o icapper apd ocess

of trivalent, chr ating,. extensive work on trival ent. chrom um plating
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THE OBJECTI VES OF | NVENTI ON The present invention is developed in
vi ew of the above nentioned background in order to overcone the

di sadvant ages amsUE.Bdatedol00h Bhmben temvmstrates acihethod wihppdpating ghe trbvaias es.
chromium baths. This bath is obtained by reduction of hexavalent chromium .

JP.Pat.54087643 describes a frivalent chromium plating process in which oxalic
acid and its salts are used as complexants. JP.Pat.55031119 describes a trivalent chromium

bath using urea or formamide as a complexant.
In order to achieve a commercially viable process of trivalent chromium plating,

extensive work on trivalent chromium plating has been conducted leading to the present

invention.

THE OBJECTIVES OF INVENTION

.The present invention is developed in view of the above mentioned background in
order to overcome the disadvantages associated with those trivalent chromium plating

processes.

It is a primary objective of the present invention to provide a trivalent chromium
plating process and baths for producing a bluish-white colour of trivalent chromium

deposit, which is indistinguishable from the colour of hexavalent chromium deposit.



It is a primary objective of the present invention to provide a trivalent
chrom um pl ati ng process and baths for producing a bluish-white col our of
trival ent chrom um deposit, which is indistinguishable fromthe col our of
hexaval ent chrom um deposit.

4 It is a further objective of the present invention to provide a
trival ent chromiumplating process and Haths for producing a trivalent
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hexaval ent chrom um deposits. is also a further objective of
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the foll ow ng description. SUMVARY OF THE
| NVENTI ON The basis of the present invention is the unexpected
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salts to f conpl exe ith tri ent ,chrom um ions, these conpl exes ‘can
not only p%g]%grogess Iaﬁ‘ifé‘},\fi‘%\}‘m% é‘gxlcaﬁieB‘ﬁﬁm%‘fm@WP@ heh rugeg ssidengi-ch i s

visual Iy indistinguishable fromthe col our of hexaval ent chrom um deposits,
but can al so reach very high deposition rate and high plating efficiency.

I n this inven®then pbjsctitestand adedrtages off tiiprebdhe inRAtON Wilk be AppAtnchHoRl Bxant s
are very i ortan& for. obtaining a bluish-white colour of trivalent

chrom um d@@é"#‘%g, PHHRUYeposition rate and high current efficiency, which
are keys to the success of this trivalent chrom um plating process.

SUMMARY OF THE INVENTION

The basis of the present invention is the unexpected discovery that by using two
kinds of suitable carboxylic acids or their salts to form complexes with trivalent chromium
ions, these complexes can not only produce a bluish-white colour of chromium deposit
which is visually indistinguishable from the colour of hexavalent chromium deposits, but
can also reach very high deposition rate and high plating efficiency.

In this invention, both the selection and the concentration of complexants are very
important for obtaining a bluish-white colour of trivalent chromium deposit, fast deposition
rate and high current efficiency, which are keys to the success of this trivalent chromium

plating process.

-According to the reports of previous literature and patents, there are many problems
associated with attempts to plate chromium deposits from trivalent chromium solutions.
Firstly, the deposition potential of the trivalent chromium is too negative, which results in a
lot of hydrogen evolution during the chromium plating process. Secondly, with hydrogen
evolution, the pH value at the electrode surface will be significantly higher than the pH in
the bulk of the solution, and the chromium hydroxy species may precipitate and result in

poor chromium deposits. Therefore, in order to eliminate the precipitation of the chromium



According to the reports of previous literature and patents, there are many
probl ens associated with attenpts to plate chrom um deposits fromtrival ent
chromium solutions. Firstly, the deposition potential of the trivalent
chromumis too negative, which results in a |lot of hydrogen evol ution
during the chrom um pl ati ng process. Secondly, with hydrogen evolution, the
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unsubstituted carboxylic acids and their salts such as formc acid, acetic
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chrom um reductjon process and also retard the
unsubstituted ‘carboxylic acids and their salts as indicated above. The present invention

overcomes the two opposing affects mentioned above and has two excellent advantages.
Firstly, these complexants can bind trivalent chromium strongly enough to stabilise.
trivalent chromium against hydrolysis in the plating process, but not too strongly as to shift
the deposition potential of trivalent chromium to too negative a level, ie., these
complexants can enhance the trivalent chromium reduction process and also retard the
hydrogen evolution reaction. Secondly, these complexants also act as auxiliary buffering
agents fo stabilise the trivalent chromium ions in the baths when they are released in the
plating process, so less precipitation of chromium hydroxy will occur at the electrode
surface. Therefore, the present invention can provide a bluish-white colour of trivalent

chromium deposit, and also high deposition rate and high current efficiency can be

obtained from this invention.



hydr ogen evol uti on reaction. Secondly, these conplexants also act as
auxiliary buffering agents to stabilise the trivalent chromumions in the
bat hs when they are released in the plating process, so |less precipitation
of chrom um hydroxy will occur at the electrode surface. Therefore, the
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trivalent chrom um can be introduced as chrom um sul phate, which can be in
the formof a cheap and readily available m xture of trivalent chrom um and
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The following detailed description of the present invention illustrates the preferred

embodiment.

;One of its essential constituents, trivalent chromium ions can be intr(.)duced in the
form of any simple aqueous soluble salts such as chromium sulphate, chromium chloride
hexahydrate and chromium perchlorate. Preferably, the trivalent chromium can be
introduced as chromium sulphate, which can be in the form of a cheap and readily
available mixture of trivalent chromium and sodium sulphates known as tanning liquor or
chrometan. The trivalent chromium concentration may range broadly from about 0.1 to 1.0.
molar, and preferably from about 0.2 to 0.8 molar. When the concentration of the trivalent
chromium is outside this range, the covering power of the baths is poor, and the current

density region providing a desirable chromium deposit is too narrow.

The second essential constituent of the solutions is the complexants for binding the
trivalent chromium ions. These two complexants can be selected from carboxylic acids or

their salts and must be used in combination. Complexant I is selected from the group



nol ar, and preferably fromabout 0.2 to 0.8 nolar. Wen the concentration
of the trivalent chromumis outside this range, the covering power of the
baths is poor, and the current density region providing a desirable
chrom um deposit is too narrow. The second essential constituent
of the solutions is the conplexants for binding the trivalent chrom um
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adversely affect the
amounts typically ranging up to about 1.0 molar. Preferably, the concentration of the

buffering agent is controlled from about 0.6 to 1.0'molar. The use of boric acid as well as
its alkali metal salts is effective to introduce borate ions into the baths which have also

been found to improve the covering power of the baths.

In addition, a wetting agent may optionally but preferably be used. These wetting
agents may be selected from those which are compatible and do not adversely affect the
performance of the trivalent chromium solutions. Such wetting agents which can be
satisfactorily employed include sodium lauryl sulphate, triton x-100 and others. The
inclusion of these wetting agents has been found to contribute to the attainment of clear
chromium deposits eliminating dark mottled deposits and to increase the range of current
density on bright chromium deposits. The wetting agents can be employed in

concentrations of up to 10 grams per litre, with amounts of about 0.05 to 2.0 g/l being

preferred.



performance of the trivalent chrom um solutions. Such wetting agents which
can be satisfactorily enployed include sodium |l auryl sul phate, triton x-100
and others. The inclusion of these wetting agents has been found to
contribute to the attainment of clear chrom um deposits elimnating dark
nottl ed deposits and to increase the range of current density on bright
chrom um deposits. The wetting agents cdn be enpl oyed in concentrations of
up to 10 grans per litre, with amunts of about 0.05 to 2.0 g/l being
preferred. .The trivalent chrom um sol uti ons may
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ot hers. The,l.nel uskan, of. such .conductivity salts is well known in . this art
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with a anode. The inclusion of brom de has been found to prevent oxidation
of trival et bathcorcantratien, kresnevaiiie and plstingpurrenbdensity.i ng in the pl ating
process. The concentration of bromde in the baths nay be varied within the
range of 0.2 to 1.0 nolar. The trival ent chrom um solutions of the
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anode. The inclusion of bromide has been found to prevent oxidation of trivalent chromium
to hexavalent chromium occurring in the plating process. The concentration of bromide in

the baths may be varied within the range of 0.2 to 1.0 molar.

The trivalent chromium solutions of the above mentioned types are generally
aqueous acidic solutions and contain hydrogen jons in a concentration to provide a pH on
the acid side. Usually, the cpncentration of hydrogen ions is controlled to provide a pH
value of about 0.5 to 5.0, with a pH range of about 2.0 to 3.0 being particularly
satisfactory. The adjustment of the solutions to within the prescribed pH .range can be
achieved by the addition of any suitable acid and base compatible with the solution
constituents such as hydrochloric acid, sulphuric acid, sodium hydroxide, potassium

hydroxide and others.

It will be apparent from the above mentioned that a particularly preferred form of

the novel electroplating solutions comprises trivalent chromium ions, a mixture of



satisfactory. The adjustnent of the solutions to within the prescribed pH
range can be achi eved by the addition of any suitable acid and base
conpatible with the solution constituents such as hydrochl oric acid,

sul phuric acid, sodi um hydroxi de, potassium hydroxi de and ot hers.

It wll be apparent fromthe above nentioned that a particularly preferred
formof the novel electroplating soluti ohs conprises trivalent chrom um
ions, a m xbmplexafts, a boric acid as a buffering agent, a wetting agent, one or a mixture of 9

conpl exant s, boric acid as a buffering agent, a wetting agent, one or a
mi xture of CRHREHYLY falisyandap hydrogenyion qepepntigtion fooprovisie arapprapriele pi) vpluevi de

an appropri jlie the sal utions,ar 0 .operated in the

Goubl o oo MIE r?lpi%’g‘?thﬁg r‘%¥% ¥ cpetisin T f %?Fﬁci)‘hé‘ﬁ?‘?‘ﬂ‘gfﬁt ?ag°‘t9r38 B owill
be added woemtitdefitss®bttniias il be alRdBShedBE sdIRtidB ArSto 6l Bl ¢4 the SRIOGeIBVAY
with the need for the exchange menbrane separating the anode and cat%ode
conpar t mendging away with thetnsed donithe ehehange membrasniseparatingttbe pnejeaaeldcdthode
sequentiallg di ssol.ving the aqueous. soluble constituents in water to
provi de t h&OPRYIPYEY concentration. It is preferable to heat the solutions
to about 60 [err]Cto 90 [err]C, and to stir the solutions for about 30
mnutes to increase the rate of dissolution of the constituents and the
rate of conpl exiTheseletmisinmy doaveusenlytheiprepasidtbycbqueniially disydviag thetdyaedtisx ed
conpl exant s. The operating tenperature of the trival ent chrom um

sol utions SPUblECopTtitusnts I wakerntoinsNidesths requited spycepEatigae i is proferablp @ heat3s

[err]C, an : I b The,,. : it rning th
pl ating pr gigg%ﬁgﬁg)g%?é g%%g éf()r?r)r%ogsq o(]:’%fdA”? y ?T?Meé; gﬁ]ﬁtépg%gﬁﬁ?%%ggw 'a é“eﬁgtf’h
concentr at imreasé erpatabiidssolmidnvef the astitdniehnd aet At of thAplRkiASEs®Ednr ange
of the current density is from4 to 15 A/ dnferr]. The trival ent
chr oni um sBstierphtyaleghchsemivarionpand the mixadogplexatts. and doubl e-cel | . There
is not nuch difference in the colour of chrom um deposits, deposition rate
and plating efficiency, but it nmay be advantageous to separate the anode
from the cat hOdEhéD)bﬁéraﬁﬁ% ItQp@HERABY S TRIVAAD ShfMiuA LABEoREs! B YRSeRT the
solutions and for the solutions

invention is preferably between 25 °C to 35 °C, and more preferably 30 °C. The current

density during the plating process can range from 3 to 25 A/ dm® depending on the bath
concentration, temperature, pH value and other factors. The preferred range of the current
density is from 4 to 15 A/ dm®.

The trivalent chromium solutions can be used both in single-cell and double-cell.
There is not much difference in the colour of chromium deposits, deposition rate and
plating efficiency, but it may be advantageous to separate the anode from the cathode by a
cation exchange membrane for a long period use of the solutions and for the solutions
containing chloride and other halides, since tile exchange membrane can prevent the
hexavalent chromium ions coming into the cathode compartments and can also avoid the

evolution of chlorine gas during the plating process.

‘The trivalent chromium solutions can be used to plate chromium on conventional
ferrous, nickel, stainless and brass plates. The workpieces to be chromium plated are

subjected to conventional pretreatment in accordance with prevalent well-known art

practices.



contai ning chloride and ot her halides, since the exchange nmenbrane can
prevent the hexaval ent chrom umions comng into the cathode conpartnents
and can al so avoid the evolution of chlorine gas during the plating
process. The trivalent chrom um solutions can be used to plate
chrom um on conventional ferrous, nickel, stainless and brass plates. The
wor kpi eces to be chromum plated are subfected to conventional pretreatment

in accordance WiFohamsdey abedrih thetrivalkioohrorafuin plad pro6ss, inert electrodes such as
10 For anpdes used in the trivalent chromum plating process, inert

el ect r odes C3heR elestreds andrplatinized tisenium elpcispdet drp useskintthe singleree) andtlesmdar e
used in th i -¢ell.,. a ead.and,| ead A n | atinized titani um
el ectrode z?a? a@%&égﬂﬁ?ﬁf#‘%‘i‘{;‘g@w—%“éﬁ“ﬁ‘e 530Sy 1nﬁl¥e cfogg][eP e under st ood t hat

the trivalent chrom um solutions of the present invention can be used not
only for decorative chrom umdeposit, but also for thick chrom um deposit
and chrom um dt fiote bepadsirstood that the trivalent chberiuh sofutionsef thel preseht aiventione
benefits of the present inventiqgn, the follow ng specifjc exanples are

o ovi ded. o7 B BT o PGS ORI o it 88 B dhigk GRioRer gpost

il lustratiygq PBRGRESASIIMN idhosiaNd are not to be construed as limting the
scope of the present%}%e tflgn as herein disclosed and as set forth in the

appended cl ai ns. EXAMPLES
Exanpl e | Constituents . Amounts of Constituents
( Mol es) In order to further illustrate the benefits of the present igvention, theCfollowing

specific examples are provided. It will be understood that these examples are provided for
illustrative purposes only, and are not to be construed as limiting the scope of the present.

invention as herein disclosed and as set forth in the appended claims.

EXAMPLES
Example 1
Constit_‘uents Amounts of Constituents ( Moles)

A B C

Chromium(III) Sulphate Basic 0.2 04 0.6
Glycine and Oxalic acid 01-0602-1203-1.8
Sodium Chloride 1.0 0.5
Potassium Chloride ‘ 1.0 0.5
Ammonium Chloride 1.0 1.0 1.0
Boric 1.0 1.0 1.0
Acid )
Wetting Agent (g/1) 0.05 0.05 0.05

The plating conditions ( Double - Cell )

Anode : platinized titanium or lead alloy and lead
Anode electrolyte : 0.5M K,SO, or 0.5M H,SO,
Temperature : 30 °C to 35°C

pH value : 2.0 t0 3.0

Cathode current density : 5.0 A / dm?



Chrom un(I111) Sul phate Basic 0.2 0.4 0.6 dycine and Oxalic acid

0.1 - 0.60.2- 1.2 0.3 - 1.8 Sodium Chloride 1.0

0.5 Potassi um Chl ori de 1.0 0.5 Anmoni um

Chl ori de 1.0 1.0 °1.0 Boric

1.0 1.0 1.0 Acid Wetting Agent ( q/l) 0. 05 0.05 0. 05
The plating conditions ( Double - Cell) Anode: pl atini zed titaniumor |ead

al l oy and ICettbdasafeecei8dcdnm’™l yte: 0.5M K[err] SO err] or 0.5M H err] S err]

Tenper at ur ?@au%% ngqu{i&p]th?uthS [err]C pH value: 2.0 to 3.0 Cathode current

density: 5. / :

11 Cat%odemytgﬁ%%%iw% Ql(ljecmogégxldtﬁ g&d&% t7| 25 5.0 m nutes Di stance between
the ca Ho e /. je’

t he anode and cm Average I'ckness of the chrom um

deposi t's: (hverdge thickness OfthOShroMaIa GepoliRPIBS d DAnfigtbes 0. 15 to 0.30 microns
[ mn. Plating efficiency: 20 to 32 % Col our of the chrom um deposits:

bl ui sh and A#srage depositiprgatgl: 8.13 to839miictoan{ min. Amount s

of Constit i | es). ) A B
C Chrom uﬁ%n%)e%?nﬁﬁalzgt%%%%c 0.2 0.4 0.6 Malic acid and

Form ¢ aci €olour of tHe-chromilmlePosits bﬁﬁsﬁiaﬂdg‘éh‘ltel- 8 Sodi um Chl ori de

1.0 0.5 Potassi um Chl ori

1.0 0.5
Example 2
Constituents Amounts of Constituents ( Moles)

A B C

Chromium(IIT) Sulphate Basic 0.2 04 0.6
Malic acid and Formic acid 0.1-06 02-12 03-1.8
Sodium Chloride 1.0 0.5
Potassium Chloride 1.0 0.5
Ammonium Chloride 1.0 1.0 1.0
Boric 1.0 1.0 1.0
Acid :
Wetting Agent ( g/1) 0.05 0.05 0.05

The plating conditions ( Double - Cell )

Anode : platinized titanium or lead alloy and lead
Anode electrolyte : 0.5M K,SO, or 0.5M H,SO,
Temperature : 30 °C to 35 °C

pH value : 2.0t0 3.0

Cathode current density : 5.0 A / dm?

Cathode surface : 8.0 cm?

Plating time : 5.0 minutes

Distance between the anode and cathode : 7.0 cm
Average thickness of the chromium deposits : 0.6 to 1.6 microns
Average deposition rate : 0.15 to 0.30 microns / min.
Plating efficiency : 20 to 32 %

Colour of the chromium deposits : bluish and white



Ammoni um Chl ori de 1.0 1.0 1.0 Boric

1.0 1.0 1.0 Acid Wetting Agent ( g/l) 0. 05 0. 05
0.05 The plating conditions ( Double - Cell) Anode : platinized titanium
or lead alloy and | ead Anode.electrolyte: 0.5MK[err]SJ err] or 0.5M
Herr]Sqerr] Tenperature: 30 [err]Cto 35 [err]C pH value: 2.0 to 3.0

Cat hode current density: 5.0 A/ dnf err 2 Cat hode surface: 8.0 cnjerr]
Plating ti #eampf30 m nutes Di stance between the anode and cat hode: 7.0 cm

Aver age thi ckness of the chrom um deposits: 0.6 to 1.6 mcrons Average
deposi t i on“PRIHEUEHES 15 t o 0.30 ni cr ondmountsef CPP%’L“F%’QS ef Molaskncy: 20 to 32 %
Col our of the chrom um deposits: blui sh and BwiteC

12 Exanpl e 3 Constituents Anmount s of Constituents

(Mol es)  Chromium(ill) Sulphate Basic . 02 04 A 06 B C

Chr ori un(| MalorRhagae CBaRtfeid O 8.1-0.8.d2.1.2006 gl oni ¢ acid and Ocali c
acid Ogda; ofs .3 -1.8 Sodlludn Chl ori 665 . 1.0
0.5 Pot asspUm. & thﬁonde 0 O1 0.5 Ammoni um

Chl ori de 1.0 1.0 1bBor|c5

1.0 1.0 A“!Lm@“mqﬂmeu ng Agent ( g/d) 1.0 0.05 0.05

0.05 TheBgrating conditions (Doubl e 10 Cel 19 Andeﬁa pl atini zed titani um or
| ead al | oyAsidd | ead
Wetting Agent (/1) 0.05 005 0.05

The plating conditions ( Double - Cell )

Anode_: platinized titanium or lead alloy and lead
Anode electrolyte : 0.5M K,SO, or 0.5M H,SO,
Temperature : 30 °C to 35 °C

pH value : 2.0 t0 3.0

Cathode current density : 5.0 A / dm?

Cathode surface : 8.0 cm®

Plating time : 5.0 minutes

Distance between the anode and the cathode : 7.0 cm
Average thickness of the chromium deposits : 0.6 to 1.6 microns
Average deposition rate : 0.15 to 0.30 microns / min.
Plating efficiency : 20 to 32 %

Colour of the chromium deposits : bluish and white

Example 4

Constituents Amounts of Constituents ( Moles)
A B C

Chromium(IIT) Sulphate Basic 0.2 0.4 0.6

Citric acid and Malonic acid 02-06 02-12 03-1.38

Sodium Chloride 1.0 0.5

Potassium Chloride 1.0 0.5

Ammonium Chloride 1.0 1.0 1.0

Boric 1.0 1.0 1.0

Acid

Wetting Agent ( g/l ) 005 005 005



Anode el ectrolyte: 0.5MK[err]SOerr] or 0.5MHerr]SOerr] Tenperature :
30 [err]Cto 35 [err]C pH value: 2.0 to 3.0 Cathode current density : 5.0 A
/ dnferr] Cathode surface: 8.0 cnferr] Plating tinme: 5.0 m nutes D stance
bet ween the anode and the cathode: 7.0 cm Average thickness of the chrom um
deposits: 0.6 to 1.6 microns Average deposition rate: 0.15 to 0.30 mcrons
/ min Plating efficiency: 20 to 32 % CdPour of the chrom um deposits:

bl ui sh and white Exanpl e 4 Constituents Anount s of

Consti t uent HSI\/_bI es) ... A B

C Chrom uﬁ%e gting copditions B3anble - Cell) 0. 2 0.4 0.6 Cifric acid and
Mal oni ¢ aci . . 0.2 -.1.20 = 1.8 Sodi um Chl ori de

1.0 ' hode : phiificgd isfineloriead afiof pid ad 1.0
0.5 Amoni uxno%k:wr@l e:0.5MK,S0, or 0.5MH,80, 1.0 1.0 1.0 Boric

1.0 1.0 Aci d V‘éttlng Agent( g/I) 0. 05

0. 05 o’ltgamperature 30°Cto35°C 13  The

pl ati ng cong_iatlon é le - Cell ) Anode: platinized titaniumor |ead

al l oy and P o ctrolyte 0.5MK[err]Sderr] or 0O.5MHerr]Sderr]

gggle: )a/tt Ug@ahoﬁgchﬁédt]dﬁmé@.ﬁh&%ﬁx}c pH value: 2.0 to 3.0 Cathode current

Distance between the anode and the cathode : 7.0 cm

Cathode surface : 8.0 cm®

Plating time : 5.0 minutes

Average thickness of the chromium deposits : 0.6 to 1.6 microns
Average deposition rate : 0.15 to 0.30microns / min.

Plating efficiency : 20 to 32 %

Colour of the chromium deposits : bluish and white

Example 5
Constituents Amounts of Constituents ( Moles)
A B C
Chromium(III) Sulphate Basic 0.2 0.4 0.6
Alanine and Formic acid 0.1-06 02-12 03-1.8
Sodium Chloride 1.0 0.5
Potassium Chloride 1.0 0.5
Ammonium Chloride 1.0 1.0 1.0
Boric 1.0 1.0 1.0
Acid _
Wetting Agent ( g/1) 0.05 0.05 0.05

The plating conditions ( Double - Cell )

Anode: platinized titanium or lead alloy and lead
Anode electrolyte : 0.5M K,SO, or 0.5M H,SO,
Temperature : 30 °C to 35°C

pHvalue: 0.5t0 1.5

Cathode current density : 5 A / dm?



D stance between the anode and the cathode: 7.0 cm Cathode surface: 8.0
cnferr] Plating tinme: 5.0 m nutes Average thickness of the chromum
deposits: 0.6 to 1.6 mcrons Average deposition rate: 0.15 to 0.30m crons /
mn. Plating efficiency: 20 to 32 % Col our of the chrom um deposits: bl uish

and white Exanpl e 5 Constituents Amount s of
Constituents (Mol es) 14 A B
C Chrom U'ﬂléthﬂ&b@bblfdéﬁﬁ{eean@%brﬁthecathocﬁ 2}Ocm 0.4 0.6 Al anine and
Formc acid - 1.8 Sodi um Chl ori de
1.0 Cathode sﬁfz&eP&Omﬁl um ChI ori de : 1.0
05Ammn|g,EnChIo 1.0 1.0 1.0 Boric

ating time 1> MEUES et ¢ ng Agent ( g/l) 0. 05 0. 05

0.05 The | platinized titanium
or |lead al &y%nggfea%d& é)&ﬁoém@&l%ogts 0%{0517\;% E@!}Bgﬁesq err] or 0.5M
Hl er r] SO etAvkerabe dpsdsitionnate : BQS[t@OBDQuh@ns"Eﬁmﬁerr] CpHvalue: 0.5t0 1.5

Cat hode current density:. 5 A/ dnferr]
14 Di st anc &latiegfigiencye28#u3e"and t he cat hode: 7.0 cm Cat hode surface : 8.0

crierr] Pl @o'l 1190&‘ chro%uumncfé})gsns light and white

Example 6

The same solutions as given in Example 3 are prepared but with the addition of some
bromide such as ammonium bromide and potassium bromide, and chromium plating is
carried out in the process which does away with the need for the exchange membrane
separating the anode from cathode compartments. Satisfactory chromium deposits are
obtained at the same plating conditions as given in Example 3. The colour and thickness of
chromium deposits, deposition rate and plating efficiency are nearly the same as those in

: Examp_le 3.

While we have described preferred embodiments of our invention, it is to be
understood that we do not limit ourselves to these precise disclosures and reserve the right
of all changes and modifications covered within the scope of the invention as defined in the

appended claims.



Aver age thickness of the chrom um deposits: 0.6 to 1.6 m crons Average
deposition rate : 0.15 to 0.30 mcrons / mn. Plating efficiency :20 to 32
% Col our of the chrom um deposits: light and white € sane
solutions as given in Exanple 3 are prepared but w t g . rmm sone
brom de such as ammoni um brom de and potassi um brom Hm“ghmﬂml\

plating is carried out in the process wHPch does away+W ¢ h it hd néed*for the
exchange nmenbrane separating the anod€LiAi®i® cat hode conpart nents.

Sati sfactory chrom um deposits are obtained at the sane plating conditions
as given in Exanple 3. The col our and thickness of chrom um deposits,

Beampl o o 1 - Ao RfheloidfeFeldyf LRGN stk doliol Whnfiod PSGAT,,

invention, it iugvdicht RArHRIET $drR0Shated aHolubke (ilﬁxétpfcoﬂngl%kénwlibﬁ eha@sining tHeese
preci se disclosures and reserve the right of all changes and nodifications

covered wit hi ntivaient chpamiom idns stablerin jsohitian, debuffesingi agenhen aysitingdegent,

cl ai nms. .. . . . AIMS 1. An
aqueous aci di CCPI?(}W&YI%F@I% ﬁ?dolﬁX%?ﬁegll‘_&stt? Bfﬂvéqeﬂ'@{%ﬂﬁtalc’éirfl ont ai ni ng
essentially  TheleldMBpIRMG SIMHRN d4MeFAOSIn CRLET RAURIES Saill Rl QERIAYANT S
for maintaining the trivalent chromumions stable in solution, a
buf f eri ng agentonsareymesentip saagawiunt of aboutdohtbulct imeldry sal ts and hydrogen ions
to provide a pH.on the acid side. 2 The el ectroplating solution as
defined inJc aﬁlll?F Flecioplatiamsalufon a5 defiast it waoln#umlm% the priped wqw@gsem

I n an anount o : s 30 : t | 0 Jj;on as
defined in d a{arﬁax?g ﬁu%iﬁtg}ﬁq?%cg%ﬁ@gﬁ%lbcﬁ%fd&%%esneéa?t‘s\. égﬁr@andanggmlsj%hégydt Wo
ki nds of carboXni theagbols cortaihingidith&redrhino-stlostipltek sdibordylicsachis! atthelr salts

fromthe group containing either am no-substituted carboxylic acids and
their salts such as aminoacetic acid, glycine, alanine, glutamic acid and nittilotriacetic acid, or

unsubstituted carboxylic acids and their salts such as formic acid, acetic acid,.
propanoic acid, oxalic acid, malonic acid, succinic acid, glutaric acid, benzoic acid
and maleic acid. Complexant II is selected from the group containing either hydroxy-
substituted carboxylic acids and their salts such as glycolic acid, lactic acid, salicylic
acid, malic acid, tartaric acid and cifric acid, or the unsubstituted carboxylic acids and
their salts as indicated above. .

4. The electroplating solution as defined in Claim 1 in which said mixed complexants
are present in a molar ratio of mixed complexants to trivalent chromium from about
05:1t03:1.

5.  The electroplating solution as defined in Claim 1 in which the buffering agent is
boric acid or its alkali metal salts.

6.  The electroplating solution as defined in Claim 1 in which said borate ions are
present in an amount of about 0.2 to 1.0 molar.

7. The electroplating solution as defined in Claim 1 in which the wetting agents are
sodium lauryl sulphate or triton x - 100 .

8. The electroplating solution as defined in Claim 1 in which said wetting agents are
present in an amount of about 0.05 to 10 g/ 1.

9. The electroplating solution as defined in Claim 1 in which the conductivity salts are

ammonium salts, alkali metal salts and alkaline earth metal salts.



such as am noacetic acid, glycine, alanine, glutam c acid and —————————
nitrilotriacetic acid, or unsubsti tut ed carboxyl mem'ﬂsm 1
salts such as formc acid, acetic acid, pr opanoi ¢'¥§ mmul d,
mal oni ¢ acid, succinic acid, glutaric acid, benzoic acid ¢ L dndsnmakeic
acid. Conplexant Il is selected fromthe group containing either hydroxy-
substituted carboxylic acids and their délts such as glycolic acid, lactic
acid, saligyli j ~ ' ' . I C; Gk | A Lo G ' or
he unaabstit ur ey esrilithe ik 186 Shod RO Cohith BRE AL A Bl e
4. The el ect pogskttin ay effottimel anvuasuie fthewdubility Gngit thefeof in thbsalbticai d m xed
conpl exant s are present in a nmolar ratio of m xed conplexants to

trival ent dHr orfibgRecHepptngsalution as ¢efiged in Claim: b in which spih ydregen ieps arei ng
sol ution as det i i M) &h‘h ffering agent is boric
acid or its al {Pg#?&rtrgpréﬁqc%aa{ﬁ%va@e %ﬁked'gfbegg?{r opl ating solution as defined
in Caim 72 nThbieldatrplatihgdshaion dsairfinéd B Claim 1 RrWiEeE baill Arivdlerd oM@l
about 0.2 to 1.0 nolar. 7, The el ectropl ating solution as defined in
Claim 1 in whiéopstanepifeant imep argeunt of abaut 0.1 to 1.&melanmaidamingtl complsiants axgr

i - 100. 8 .. Th | L at,i | L on. def i di Cl aj i
Whi chsmi o wot PRAR I el g6 SFRolY oRtokRants tofaRa{TroBRRpmeuBd 85 1 o 10
g/ 1. 9.  The gl eCtshfapbsht: M6hsSAt PrdsOiit iBSndRhdune df hhoutloz 1 i.OirHoM‘aisﬁiil the

conductivity salts are ammonium salts, alkali netal salts an
al kal i ne eart h wettirgy agenf is present in amount of about 0.05 to 10 g /1, said conductivity salts

16 10. The electroplatin olution as defined in C.ai.m1 in which said
conductivity s&f%Rrepn ate XS ARPURt D, to %?ﬁg]é‘%”il%ﬁ%nﬁ}ﬁﬁm j g splydion,
solubility lim i ﬁ_ﬂﬁe i ; RN hng sol ution
as defi ne)d/ in él%?ér}n&%%ég%/r\ﬂioc sgﬁg&?\%ﬁg‘é@%aipons lgérag)%{&m%%’gégnt to
provide a pB val uivaiént alvontiuf) efectroplatify batR comhpsisiaf @aatanolytasdpagtaiofrothiapn as

defined in daim1l in which said trivalent chrom um . ions_are present
in an anount oRJ¥oYstacigic trivglent chieprivp cathelsde by xe aerdlyatinatsd getiongpxchange
present in a ti ggﬂ?ﬁ fr} 1.um of
about 0.5: 1 n%‘%btr%&?, a?d %;e sai Eﬂgﬁcﬁﬁﬁ%&?i&éas 5%‘%pr%§§{?& ?ll{ ﬁﬁ@%&g&nﬁﬁﬁ %of

about 0.2 to 1pixfed af corbpleghnts, a bufRihg AferR0L Metting 4pefS @BAdUcHvIdyBAIRL ardf
about 0.05 to 10 g/ | , said conductivity salts are present in an

ef fective anmpuhydiggen donshie Brovigei 3 ipHy valperof abhut 845f to A.0 hed stinteinedh at a
and sai d hydrogen iqns ar t.6Q provide a pH val ue about 0.5 to 5.0.
13. Atrival ent?e%etr%wiel? a@?‘@??%gﬁ%ﬂ@hg bat h conprising an anol yte

separat ed fiyOMTAB bath as AAHRAYS CRGIH Lint WhikR 1R AndFRE QBRHRY %a&ﬂ&u&% Va2
perfluorinated cation exchange menbr ane, and the catholyte consisting

of a source of amouniaif@heut®y tord.@molaons, a
15.  The bath as claimed in Claim 13 in which the anode is lead, lead alloy or platinized

titanium .

16.  The bath for trivalent chromium electroplating characterised by a single plating cell
containing the electrolyte as defined in claims 1 to 12 and to which is added a
bromide to prevent the oxidation of trivalent chromium to hexavalent chromium at
the anode surface.

17.  The bath as claimed in Claim 16 in which the said bromide may be potassium
bromide, ammonium bromide or sodium bromide in an amount of about 0.2 to 1.0
molar.

18. A process for electroplating chromium on a cathode which comprises the steps of
immersing a cathode to be deposited in the bath as defined in claims 13 to 17,

applying an electrical current between an anode and said cathode to provide a current



m xture of conplexants, a buffering agent, a wetting agent conductivity
salts and hydr ogen ions to provide a pH val ue Tﬂllmﬂmlmmlwm 0 and
mai ntai ned at a tenperature of about 25[err]C ‘ The
bath as clained in Claim13 in which the anol yte cont'ai hs sul'phdte*ions in

an anount of about 0.5 to 2.0 nolar. 15. The bath as clainmed in Caim
13 in which the anode is lead, lead allay or platinized titanium 16.

The bath for try e ] l.ec lating.characteri sed .py a si.ngl e
Dot ing corl | delityool a0 8T JBbG SCAIRE Bt » WA BF AfleCHo] dBfrbieeflifll 5,
and to whi ch i shiakeedoffchromiunlérsaid@tiode pr event the oxi dation of trival ent
chrom umto hexaval ent chrom um at t he anode surface. 17. The bath as

claimed in aim116 in which the said brom de may be potassi um
brom de, anmmoni um bromnm de or sodi um brom de in an anount of about 0.2 to

1.0 nolar. 18. A process for electroplating chrom umon a cathode
whi ch conprises the steps of i mersing a cathode to be deposited in
the bath as defined in clains 13 to 17, applying an electrical current

bet ween an anode and said cathode to provide a current
17 density of about 4 to about 15 A/dnferr] for a period of tine to deposit
the required thickness of chrom um on said cathode.



