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This invention relates to improvements in or rslating to

the technique of selectroplating of adherent copper on a stainless
steel substratie.

‘Hitherto it has been proposed te plate copper on stainless steel
from an acid copper sulphate bath after activating the surface
by oue or nore than one type of the toliowing treatments to ensure

proper adhesion of the electrodepbsited COPpPeTe

A thin protective oxide film on stainless steel surfaces, which
fortifies the surface againgst attack by most of the chemicals
used in plating baths and which hes & tendency to reform quickly
after stripping, haes to be removed eomplately before eléctroplating
/tnd,the surface should be kept sctive tili it is covered with
the electrodeposits. This is achieved by 3

1 __Cathodic treatments

(a) Sulphuric ascid (Sp.gr. 1.83)1 . 5«50% by volume
Temperature: : 25-32°C
Time: ' ‘ | 1-5 Hinutes
Cathedic current density: - 5-25" asf



1(v)

(e}

Hydrochloric acid(Sp.gr.1.12): -5-50% by volume
Temperature: . 25-32°C

Times 1-5 minutea
Cathodic current density: 20 sef

Immorsion in 10-30% hydrochloric acid by voluwme at room

tenperature for one minute followed by cathodic treatment

in (a) .

Immergion ireatments

{(a) Sllpburic acid 20-50% by volume at 65°-80°C for one minute
after gasing starts,

(») Hydarochloric aeid: 0.1% by volume
Suiphuric acid: 1% by volume
Temperatures 25<32°C
Time 26 seconds

% Simultaneouns activation a atm n

(a) Nickel chloride: 240 g/l
Hydrochloric acids - 70 ml/litre
Temperatures 25-32°C
Electrode: Nickel
Firet anodic current espredensity: 20 asf for 2 minutes
followed by cathodic current -

» density: 20 asf for 6 minutee

(b) Nickel chlorides 240 g/1
Hydrochlorie acid: 100 ml/litre
Temperatures 25-32°C
Elsctrode Nickel
First cathodic current demsity: 50-200 asf for 2-4 minutes
followed by anodic curzent density: 15-50 asf for 15-30 minutes

(¢) Nickel chloride: ' 30-300 g/l
Hydrochloric acid: 12-120 ml/litre
Temperature: 25-32°C
Fickel anode '

Cathodic current density 5-100 asf
Time A 1/2-5 minutes

(d) Copper sulphate: 0.375 g/1

' Hyarochloric acid(eonc.) %o one litre
Temperature: ' 25-32°C
Arode Nickel
Cathodie current dengity: 4060 asf
" Time : 1-5 minutes

{e) A egﬁbiuétion of more than ome type of the above treatments

%@ secure best adhesion.



3
The artic;et is then quickly ringed ami cerried over to acid

copper sulphate bath for plating copper and in praetice to securs
best adhesion of the electrodeposit a strike plating in any ons
of the baths under sinultaneous activation and plating treataent
is necessary to secure good adhesion, or coppr cen be plated inm &
cuprous chloride hydrochloric acid bath upto a maximum of 10 thou.

It 48 oleimed that the bath is protected.againet'atnﬁgpheric
oxidation by en oil layer.

This 1b opén to thi folloviﬂé objectiohs:s

Bathe (a), () and (¢) uee nickel as the 'strike metal' in whieh
case the tranefer from the strike bath to the copper plating bdath
through the intemediate rinsing operation is critical. The rinsing
shoq;d be thorough eand efficient to prevent the oarryovef’of the
- chloride ion in the sulphate copper plating bath., At the same time,
the time of dwelling in rinse water should be as short as possible
to prevent pasaivatioh of nickel surface and to emsure perfect
.adhesion of subsequent thick deposits of copper or other olecfro
d‘posited metals. In the case of cuprous chloride baths (Indian
Patent No,113473) when they are used strike copper plating pribr to
further build of copper or other electrodeposits, the carry over of

oil layer, eepeciaelly from complex shaped articles, will introduce

| contamination in the plating bathe which will lead to rough deposits
enl if purification is resorted to, this will load the purification
syetem;‘ thereby increase the cost. However, sinée thercopper
deposit ﬁ:om tz:dgtrike bath will not be passivated, thé rinsing
can be tgfoughljhe time of rinsing is not critical. Even though
this electrolyte could be used as a plating bath to build up copper °
depositas up to 200 to 250 micron thick the conventional methods with
speciel adventages as described in the patent.No.113473. further
thickness bduild up for example 500 micron as required for plating
copper on ptainless steel heating utensi}g.‘thé bath suffered
from the disadvantages that the deposit t;ndeé o be rough-anq;
powdery the cause of which could not be established by us so far.

S0, it was imperative that subsequent build up of copper beyond 200
. A



microns thick has to be done in the conventional copper slectrolytes,
which hag no special mdvantages. Further, the caxry over of oil

into the plating bath is a serious disadvantage.

¥ith the vath (d) namely copper sulphate 0.375 g/1 eonc.
bydrochloric acid one litre, the concentration of copper sulphate
is 80 low and critical that the control of strike plating is very
difficult and the strike deposit will temd to bccOll'povdory and

non-adherént.

The object of this invention is to obviate these diéddvantago.
by eliminating the nickel stirike entireiy by use of cupric chloride-
hydrochloric acid bath as a strike bath, By having the copper in
the divalent‘stage, this bath does not suffer from the disadvantage
of atmoapheric'oxidation and hence the use of oil layer‘'needed
for protecting the cﬁprous chloride from oxidation is dispensed with,

The bath described in this present invention is so formulated
that the oconcentration of cupric ion in the electrolyte is nct so

low aw¥ to make control very critical.

During the course of our investigations, we found that the
presence of cuprous ion in this cupric electrolyte or cupric ions
in cuprous chloride electrode showed & tendency to form powdery
non-adherent deposits and it was sbsolutely necessary to have the
copper either in the cupric or cuprous state alone. Thus, the
use of copper anodes in the cupric chloride electrolyte is not

possible as it will diesolve only in the cuprous state both chemically

and electrochemically.

The use of nickel anodes in this electrolyte ushers in nickel
ions in solution which virtuslly becomes of nickel chloride solutiion
on prolonged use and the deposits from such & ccntinued electrolyte

"~ was not satisfactory from the adhéaion viewpoint, This difficuity
was overcome by use of carbon or graphite anocdes either in the form

‘of sheets or rods. o 5



To these ends, the present invention broadly consists in
giving e flash strike plating in cupric chloride-hydrochloric acid
electrolyte using graphite or carbon sheets or rods as insoluble
ahodea, followed by build up of copper to required thickness inm
an acid electrolyté like copper sulphate sulphuric acid or copper .
fluoborete fluoboric acid bathsa, after_thorough rinsirg of the work
to free frm& chloride ions, which ensures the absence of carry over

of chloride ions into the plating baths.

The initial deposit of copper from the said cupric}chloride
electrolyte may Also form the starting surface for further
plating df other metals such as nickel, cedmium, chromium, zine
tin from suitable electrolytes.-

The concentration of the éonatitnents in the electrolyte

used for strike plating lies in the following rangest

06pper as cupric coppers 8 g/1 - 16 g/1
Hydrochloric acid(10 N): 400-700 ml/1
Glue, gelatin or gﬁh arabic up to 1 &/% -

" and is operated in the renge

Temperature: ' 30°-60°C

Anodes: ' ‘Insoluble graphite or carbon
. sheets or rods

Cathode current deneitys 0.5 Asdm - 5 ASdm

Anode current‘denaitys ~ 0.5 Asdm - 5 Asdm

Anode to cathode area ratios 331 to 1311

Time of strike plating: 2 minutes to 10 minutes
égjgjgtiog of the purface |

The electrolyto itself will activate the surface to be plated™
if the work is kept without ourrent for 5 %o 10 minutes in the
electrolyte. However, the activating treatments recqmmended below

may also be used to ensure very good adhesion time and again:

~ b-



_(é} sulphusin ecid{Sp.gr. 1.84)1

tepperaturs?
time
cathode current density

ancdes

(v) hydrochloric acid(Sp.gr. 0.18)

temperature:
time:
cathode curreat density:

‘anodes:

anodic treatmeggﬁ

(¢) Hydrochloric{:acid(px':.gt. 1.18)

5-50% by volume
25-32°C
1-% minutes

0.5-10 asdm

" lead or graphite

5-25% by vblume
25-4="C

‘1=5 minutes

0.2-5 asdm

graphite or carbon:

5-20% by vclume

tesnerature 25-35°C

tine 1~5 minutes

anodic currefi$ density .. ~ 6-8 asdm ‘

cathode gtainless steel or

graphite '

" After activasing the surface to be plated by'adOpting any one
of the ébove procosdures, the wofk is carried over to the strike ﬁlat&m
bath without rinsing and cathodically treated in the said electrolyte
for 2 to 10 minutaa the operating conditions being as described
earlier. Then thi work is rineed thoroughly in runnlng waterxr or by
counter current rinsing and carried over to the plating electrolyte
to build up the required electrodeposit to the predeberminad
thickness. Fof example, the work is plated with copper toc a thicknes
of 500 microns, in an acid copper sulphate bath. The a2dhesion of
‘dis thick copper is so good that it breaks only at the copprand
not at the coppet&utainless steel interrace, as shown by the

shear sdhesion tests.

Thus, to elecﬁrodeposit copper adherent]y on a stainless steel
swuface to ﬁhickngaaes in the range 25 to 625 microns or to
electroplate oth@ meials like nickel, cadmium, tin, zinc or chroﬁilm

adherently on stainless steel ‘articles, the process ie carriad out



1. Degreasing with an organic solvent like benzene, kerosene,
trichlorethylene to remove organic films or buffing compounds
by swabbing, soaking or vapour phase treatpant-.

"2+ Cathodic cleening in alkaline electrolyte in the conventional
‘ menner to saporify and remove the soap residuea from the
buffing operstion and to make the surface clean.

3s Activating the surface to be plated in any o{ the electrolytes
as described substantially hereinbefore under "Activation of
Surface",

4. Strike plating: The activated surface is carried over to the
cupric hydrochloric acid electrolyte and a thin deposit of
copper is formed on the surface by meking it cathodic in a
manner substantially described tor strike plating.

5. Rinsing: The work now carrying a thin adherent deposit of
copper from the said elsctrolyte obtained in a manner as
described hereinbefore, is washed thoroughly with running water
or by counter current rinsing or by spraying or by a com-
bination of these to remove the chloride ions striking to the
work and jigs. | ' -

6. Acid dip: Tha'aurraco is then given a simple immersion dip .
in a suitable acid the conocentration of which is 5 to 10%
by volume, the acid chosen being sulphuric acid or fluodoric
acid depending on the anions in the subsequent pleting bath.

Y Rinsingi The work is #m thoroughly rinsed in running weter
or by counter current rineing or by spraying.

8. Plating: The work ie then made the cathode im an electro-
plating bath which is preferably to be an acid type of
electroplating bath amd the required thiclmees of the desired
metal is plated on the surface cerrying the thin deposit of
copper obtained as described hereinbefore. :

It has been established that when the process is carried out
as deacribed substentiaslly hereinbefore the fallure of deposit
during adhesion testihg occurred only at the top metal surface

and never at the interface of stainle“s steel copmr.

The following typical examples are given to illustrate the

invention: N
' EXAMPLE 31
1. The sauce pans (stainless steel 18:8 type) to be rlated are
suitably storped off exposing only the erea 40 receive the
deposit ot copper.

8
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Z2e The zurface of metsl exposed ip then degreased with trichlor-
ethylene and cathodically cleaned in the electrolyte &

Sodium carbonete: 25 g/1
Sodium hydroxide: 35 g/l
Temperature: 70-80°C
Current density: 15 asdm
Anode Mild ateel
Times 2 minutes
Anede area: 20 dn2
Cathode area: 20 dnz

3+ Rinesd in waterxr

4. Actiivated by keeping the work immersed in the strike bath of

the following composition:

40 g/1

Copper carbonatet

Hydrochloric acid: 600 ml/1
Gum arabic: ‘ 0.05 g/1
Temperature: 35°C
Time: 5 minutes
Anode area: 30 dl2
Cathode area: 20 dlz

*Striking'

f. In the same electrolyte, the work is made the cathode, graphite
sheet electrode is used ap anode and strike plating is performed

as fcllows:

Cathode current density:

Time

2 asdnm
5 minutes

7. 7The work is thorouéhly rinsed and plated in the following bath
to get a deposit of copper 500 microns thick,

Copper fluoborate: 200 g/1

Fluoboric acid(40%): 30 ml/1

Glue: 0.05 g/1
Temperature: 35°C

Current density: 1.8 asdm

Times 20 hours

Cathode oM 04 Coppe r

Cat-s K Wi o Shwlke Oppev
8. Rinsed :

9, The stop-off removed

10, Dried and machined to remove the npdules anl buffed.
EXAMPLE 2

1. The etainless steel sheet(stairl ess steel containing more than
12% Cr) to be plated with copper end chromium is carried through the
sequencesg 1 to 3 ar in example 1,

8. Then the surface is activated in the following electrolyte as
. desorived balow 1 |



Hydrochloric acid (1.18): 20% by volume

Water: 80% by volume
Graphite: cathods

Work : anode

anodic current density 7.0 asdm
temperature ' ' 30°C 4
time: 3 minutes

5. Without rinsing the work is given a strike plating of copper
in the following electrolyte as described below:

CuS0, .5H,0 50 g/1
Hydrochloric acid(10W): 700 m1/2
Anode: graphite or carbon rod
Cathode: work
cathode current density: 4 spdn
time: 2 minutes
Anode area: 20 dm2
Cathode area: | 20 dm2

6. Rinsged

7. Copper plating in
Copper sulphate: 250 g/1
sulphuric acid(1.84): 40 m1/1
gelatin 0.02 g/1
phenol sulphonic acid: 1.0 g/1
current density: . 0.9 esdm
time 50 minutes

8. Rinsed

9, Chromium plating in the bath containing

‘ chromic acids 400 g/1-
sulphuric acid: 4 g/1
tempe rature: 40°C
cathode current density: 21.5 asdm

time: ‘ 10 minutes
10, Rinse and dry
EXAMPLE 3

1. Degrease the stainleas steel(304 type) work to be plated in
trichlorethylene.

2., Cathodically clean in the alkaline electrolyte as in Ex. 1
3, Rinse ' |
3. Activate in the following electrolyte as follows 3

Sulphuric acid:(sp.gr. 1.84): 20% by volume
temperature: 30°C

cathode: work

anode: lead

cathode current dengity: . 10 asdm

time: . 5 minutes



5. Without rinsirg. make the work cathodic %
electrclyte: n the following

Cupric chloride: 20 g/1

Hydrocbloric acid: 400 nl/1
Water: 600 ml/1
Anodes: carbon rode
Cathode current deneitys 1.0 asdm
Time: 15 mm minutes

6. Rinse thoroughly
7. Nickel plate in the following electrolytes

31804.7520 240 g/1
N1012.6320 50 g/1
Boric acid: 30 g/1
pH 5.0
Anodes Nickel
Cathode work to be plated
Cathode current density 2.0 apdm
time 45 minutes

8. Rinse

9, Bright chromium plating
Chromic aciq 250 g/1
Sulphuric aecid: 2-5 g/1
Temperatures 55°C
Cathode current density: 30 asdn
Time: . 3 minutes

10. BRinse and dry
The following are among the main advantages of this inventions

3
)

1. The nickel strike aml the subsequent critical rinsing step are
eliminated. .

2. The unstable cuprous cbloride electrolyte with an oil layer
is dispensed with,

3, The use of cupric ions in wider range is made possible in the
etrike bath thereby minimising the careful control of cupric
ions in the electrolyte to get good adhesion of subsequent
deposite.

4. Copper or for that matter any other metal can be bduild ug
on this strike copper substrate to any desired thickness
upto 25 microns from the conventional electroplating baths
with very good adhesion and surface structure.

M Tha @ clay =y Celolt NER RN
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143286
The invention relates to improvements in or relating to the technique
of electroplating of adherent copper on a stainless steel substrate,

Hitherto it has been proposed to plate copper on stainless steel from
an acid copper sulphafe béth after activating the surface by one or more.
than one type of the following treatments in order to ensure proper adhesion
of the electrodeposited copper.

A thin protective oxide film on stainless steel surface, which fortifies
the surface.against attack by most of thechemicals used in plating baths and
which has a tendency to reform quickly after stripping, has to be removed
»complétely before electroplating and the surface should be kept active till
it is covered with the electrodeposite. This is achleved bjz

1. Cathodic treatmentss

a) Sulphuric acid (Sp.gr. 1.84}
Temperature
Time
Cathodic Current Density

b) Hydrochloric acid (Sp.gr.1'.18)

5.50% by volume
25-32°¢

1-5 minutes

0.5 - 2.5 A/dn®

5 - 50% by volume

s o o =

TempeTrature $ 25—32°C
Time $ 1 - 9 Minutes
Cathodic Current Density s 2,0 A/dni2

maf .



143285
¢) Immersion in 10~ 30% hydrochloric acid by wvolume at
room temparature for one minute followsd by cathodie
treatment as in 1 (a}.
2., Immersion treatmentsgs
a) Sulphuric acid 20 - 50% by volume at 65-80°C for one
minute after gasing starts.

b) Hydroéhloric acid

d : 0.1% by volume
Sulphuric acid s 1% b volume
Temperature..d s 25~ 32 ¢
Time 8 26 seconds

3. Simultanecus activatior and plating treatment:

a) Nickel chloride s 240 g/1
Hydrochloric acid s 70 mlélitre
Temperature $ 25-32°C
Electrode i Nickel

First ancdic current denegity 2.0 A/dmz for 2 minutes

followzd by ¢athodie current density 2.0 A/'dm2 for 6 minutes.

b) Nickeli chloride 3 240 g/t
Hydrochloric acid : 100 n1/1
Temperaturs t °S~3¢
Blectrode 3 Mickel

First cathodic current density §s0-20.0 A/dn® for 2-4 mimtes
, followed by ancdic current density 1.5-5.0 A/’dm2 for $5-30 min,

¢) Nickel chloride s 30-300 g/1
Hydrochloric acid ¢ 12- 12g ml/1
Temperaturs $ 25.32°C
Anocde : Nlekel 5
Cathodie current dgnsity 2 0.5-10.0 A/dm
Time 3 30 secs - 5 minutes

d) Copper sulphate s 0.375 g/1
Bydrochloric acid s to ong litee
Temperature s 25-32°C
Anode ¢ Nickel
Cathodic current density : 4,0 ~ 6.0 A/dm
Time :  1-5 minutes

e) A combination of more than one type cf the above treatﬁents
to secure bast adhesion.x

The article is then quiekly rinsed and carried‘over to acid copper
sulphate bath for plating copper and in practice to secure best adhesion
of the.electrodeposit3 a strike plating in any one of the baths under -
simultaneous activation and plating treatment is necessary to secure
good adhesion or copper can be plated in a cuprous chloride hydrochloric
acid bath upto a maximum of 250 microns. It is claimed that the bath

is protected against atmospheric oxidation by an oil layer,



143,286
Thig i3 open to the following objectionss
Baths (a}, {b) and (c) use nickel as the 'strike metal’ in which
case the transfer from the strike bath to the copper plating bhath through

the intermediate rinsing operatlon 1s critical. The rinsing should be

tBorough ani afficlent %o prevent thr carryover of the chloride ion to

the sulphate copper plating bath. At the same time, the time of dwelling

in rinse waler should be as short as possible to prevent pagsivation of

rnizkel surface and to ensure perfect adhesion of subsequent thickdepowit's

rof copper or other electrodeposited metals., In the case of. cuprous chlo-

ride ﬁaths when they are used te strike dopper plating prior to further
build of copper or other electrodeposits, the carryover of oil layer,
especially from complex shaped articles, will introduce contamination
wn the plating baths which will iead to rough deposits and if purifi-
cation 1s resorted to, this will 1oad the purification éystem thereby

increasing the cost, However, since the copper deposit from the strike

bath wi;JJ. not be passivated, the rinsing can be thorough and the time of"
rinsiag.is not c¢ritical., Even though this electrolyte could be used as
s plating bath to build up copper deposits up to 200 to 250 micron thick,
the conventional methods with special advantages as described in the
Pateﬁt No, 113473 further thickness,buil& up for example 500 micron as
required for plating cobper on stainless steel heating utensils, the
bath suffered from the disadvantages fhat the deposit tended to be rough
and powdery. 8o, it was ﬁmpérative that subsequent build-up of copper
beyond 200 microns thick has to be done in the conventional copperelbutim
lytes, which has no special advantagss. Furthér, the carry-over of oil
into the plating bath 1s a serious disadvantage.

' With the bath (d) nameiy copper sulphate 0.375 g/1 conc. hydro-
chloric acid one litre, the concentration of copper sulphate 1s so Yow
and eritical that tﬁé control of strike plating is very difficult and
the gtrike deposit will tend to become powdery and non-adherent,

The object of this invention iz to obviate these disadvantages by

eliminating the niekells%rike entirsly., We have found that thls can be

done by the use of a cupric chloriéthydrochloric acid béth as & strike

bath. By having the copper in the d ivalent stage, this bath does not



suffer from the disadvantage of atmospheric oxidation and hence the use
of o0ll layer nezeded for protecting the cuprous chloride from oxidation
is dispensed with.

We have developed a bath which is so formulated ﬁhat the concentra-
tion of cupric ion in the electrolyte-is not so low as to make control
vé{y critical,

During the course of our investigations, we found that the presence
of cuprous ion in this cupric electrolyte or cupric ions 1in cuproﬁs
chloride electrolyte showed a tendency to form powdery non-adherent depo-
sits and it was absolutely necessary to have the copper either in the
cupric or cuprous state alone, Thus, the use of copper anodes in the -
cupric chloride electrolyte 15 not possible as it Qill dissolve ohly in
the cuprous state both chemically and electrochemically, o

The use of nickel anodes in this electrolyte ushers in niékei ions
in solution which virtually becomes nickel chloride solution on prolonged
use and the deposits fram such a continued electrolyte was not satisfactory

from the adhesion viewpoint, This difficulty has been overcome by uée of
carbon or graphite anodes either in the form of sheets or rods.
According to the present lnvention, there is provided a process for
the production of copper plated stainless steel heating vessels and proc-
esling vessels by (1) surface preparation and cleaning of the surface to
be plated, followed by (11) acid dip to make the surface active and
(111) subsequent plating in conventional electroplating baths -at standard
operating conditions charécterised in that after step(i)and before step
(11i)above, the cleaned surface is (a) activated in hydrochloric acid
solution, and (b)subjected to strike copper plate in a cupric chloride-
hydrochloric acid electrolyte using graphite or carbon anodes.
&hus the activation may be done under the following conditiong:
 Hydrochlorie acid (Sp. Gr. 1.18) : 5-25% by vol.
Temperature 1-5 minutes

6-8A/sq.dm

Anodic current density

S PALE

(13

Graphite or stainless steel

O ¥ Y



143286
A flash copper strike plating electrolyte comprisings

Copper as cupric copper ¢ 8-16 g/1
Hydrochloric acid (Sp.Grs 1.,48) ¢ 4%00-700 ml/4
Glue, gelatin or gum arabic $ upto 1 g/1
may be operated 1n the following range of conditionss
. Temperature | 3 30-60:0_
Cathodic current density $ 0.5-5 A/@m
AnodicCurrent density , s 0.5-5% A/ds
Ancde to cathode area ratio $ 331 to 181
Time of plating $ 2 minutes - 10 minutes

Thus, a flash strike plating is given in cupric chloride-hydro-
chloric acid electrolyte using graphite or carbon sheets or rods as
insoluble anodes, followed by build-up of copper tc required thickness
in an acid electrolyte like coppe:r sulphate sulphuric acid or copper
fluoborate fluoboric acid baths, af'ter thorough rinsing of the'work to
free from chloride ions, which ensures the absence of carry-over of
chloride ions into the plating baths,

The initial deposit of copper from the said cupric chloride electro-
lyte may also form the starting surface for further plating of other metals
s uch as nickel, gadmium, chromium, zinc and tin from suitable electrolytes.

The concentration of the constituents in the electrolyte used for
strike plating lies in the following ranges:

Copper as cupric copper ' 1 8-16 g/1

Hydrochloric acid (Sp.Gr:148) $ 420-700 ml/1

Glue, gelatin or gum arabic upto 1 g/1

and is operated in the range

Temperature s 30-60'3

Anodes ¢ Insoluble graphite or
carbon sheets or rods

Cathodic current density t 0.5-5 asdm

Aﬂ&fe&ép Shthode Aren rdtio o $:7 R0

Time of strike plating $ 2 minutes to 10 minutes

Activation of the surface:

The electrolyte itself will activate the surface to be plated if the work
is kept without current for 5 to 10 minutes in “he electrSIyte. However,
the activating treatments recomended below ma 1lso be used to ensure
very good adhesiont

I 1
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Cathodictreatment:

(a) Sulphuric acid {Sp. gr: 1.84} t  5-50%4 by volume
: Temperature H 25-32°C
Tine t  1-% minutes
Cathcdic current density t 0.5-10 asdm
Anode ‘ s

| leed or graphite
{b) hydrochloric acid (Sp. gr: 1.18)

t 5-25% by volume
TempeTature s 29.40%C
Time , $  1-5 minutes
Cathodic eurrent density s 0.2-5 asdm
Anode s $ Graphite or carbon
Anodic treatment:
(¢) Hydrochloric acid (Sp. gr: 1.18) : 5-25% by volume
Temperature $ 25-35°C
Time 5 1-9 mimtes
Anodic current density ¢ 6-8 asom
Cathode $ Stalnless steel or graphits

After activating the surface to be plated by adopting any one of the

above procedures. the work is carried over to tﬁe strike plating bath with-
out rinsing and cathodically treatcd in the sald electrolyte for 2 to 10
minutes, the operating conditions being as described earlier. Then the
work 1s rinsed thoroughly in running water or by counter current rinsing and
carried over to the plaiing electrolyte to build up the required electro-
deposit to the predetermined thickness. For example, the work is plated
with copper to a thickness of 500 microns. in an acid copper sulphate bath,
The adhesion of this thick copper is so good that it breaks only at tlie
copper and not at the copper-stainless steel interface, as shown in the
shear adhesion tests.

- Thus, to electrodeposit copper adherently on a‘stainless steel surfaée
to thicknesses in the range 2% to 625 microns or to electroplate other
metals like nickel, cadmium, tin, zinc or chromium adherently on stainless

steel articles, the process is carried out as described substantially here-
under:

1. Degreaging with an organic solvent llke benzene, kerosene, trichlor-

ethylene to remove organic films or buffing compounds by swabbing, soaking
or vapour phase treatments.,

2. Cathodic cleaning in alkaline electrolyte in the conventional manner to

saponify and removz the soap residues from the buffing operation and to make
‘the surface clean.,

PUE) - S
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3. Activating the surface to be plated in any of the electrolytes as
described substantially hereinbefore under "Activation of Surface".

4, Jtrike piating;'The activated surface 1s carried over to the cuprie
hydrochlorie .acid electrolyte and a thin deposit of copper is formed on
the surface by making 1% cathodic in a manner substantially deseribed for
strike plating. ‘ ' |
5. Ringing: The work now carrying a thin adherent deposit of copper from
the sald electrolyte obtained in a manner Qs described hereinbefore, is
washed thorcugnly with running water or by counter current rinsing or by
spraying or by a combination of these to remove the chloride ioﬁs striking
to the work and jigs.
6. Acid dips .The surface 1s then given a simplie immersion dip in a
gsuitable acid the concentration of which is 5 to 10% by volume, the acid
chosen being sulphuric acid or fluoboric acid depending on the anions in
the subsequent plating bath,
7 Rinsing: The work is thoroughly rinsed in running water or by counter
current rinsing or by spraying.
8. Plating: The work i1s then made the cathode in an electroﬁlating bath
which 1s preferably to be an acid type of metal 1s plated on the surface
carrying the thin deposit of coppervobtained as described hereinbefore,

It has been established that when the process is carried out as des-
eribed substantially hereinbefore the failure of deposit during adhesion

testing occurred only at the top metal surface and never at the interface

S‘tul

'of.stainleschopper.

The following typical examples are'given to illustrate the inventions
| | EXAMP IE- 1
1. The sauce pans {(stainless steel 18:8 type) to be plated are suitably
stopped‘off exposing only the area to receive the deposit of copper,

2. The surface of metal exposed 1s then degreased with trichlorethyiene
and cathodically cleaned in the electrolytes

-=19.
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S8odium carbonate 1 2% g1
8odium hydrvoxide s 135 g}],
Temperature s 70-80%C
Current Density s 15 asdw
Anode 8 Miid ateel
Time $ 2 minutes
Anode area. 1t 20 dl2
Cathode area s 20 dn2 ;

3. Ringed in vater

b. Activated by keeping the work immersed in the strike batk of the
following compositions

Copper carbonate s LW g/l
Rydrochloric acid $ 600 ml/1
Cur arabic s 0.05 gN
Temperature s 3 53 c
Anode area $ 30 dnz
Cathode area 1 20 dm?

5. 'Striking’
6. In the same electrolyte, the work is made the cathode, graphite
sheet electrode is used as anode and strike plating is performed as follows?!

Cathode current density : 2 asdm .
Time ] 5 minutes

7. The work is rinsed and then immersed in 5% by volume fluoboric acid
for few seconds,

8. The work is thoroughly rinsed and plated in the following bath to get
a deposit of copper 500 microns thick.

Copper fluoborate t 200 g/1

Fluodboric acid (L0X) s 30.n1/1

Temperature s 315 €

Que $ 0.05 g/1

Current density t 1.8 Asdn

Time $ 20 hours

Anpde 8 Copper

Cathode t Work with striks copper

9. Rinsed
10. The stop-off removed
11. Dried and machined to remove the nodules and buffed,

--200-
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1. The stainless steel sheet (stainlass steel containing more thaﬁ

12% Cr) to be plated with copper and chromium is earried through the
sequences 1 to 3 as in Example 1.

%. Then the surface is activated in the following electrolyte ag des-
eribad belows

Bydrochlorie acid (8p.gr s 1.18) & 26% by volume

Water ¢ 80% by volume
Graphite $ Cathode

Work "~ 8 Anode

Anodic current density $ 7 asdm
Temperature s 30%¢

Time - $ 3 minutes

5. Without rinsing the work is given a strike plating of copper in the
following electrolyte as described belows

Copper sulphate t 5 g/1

Hydrochloric acid $ 7000 ml/1

Anode $ Oraphite or carbon rod
Cathode t Work

Cathodic current density s 4 asdm

Time $ 2 minutes

Anode area s 20 dm2

Cathode area 1 20 dn

6. The work is rinsed and immerged in 10% by volume sulphuric acid and
then rinsed. |

7. Copper plating in -
Copper sulphates 1 250 g/1
Sulphuric acid (1.84) t 40 mwl/q
Gelatin s 0.02 g/1
Phenol sulphonic acid $ 1.0 gN
Current density ¢ 0.9 asdm
Time $ 50 minutes
8. Ringed
9. Chromium plating in the bath containing
Chramic acid 3 400 g/1
Sulphuric acid s &b g/t
Temperature s %0°¢
Cathodic current density $ 21.5 asdm
Time 3 10 minute‘s

10 Ringe and dry



1. Degrease the stainless steel (30# type) work to be plated in trie

chlorethylene

2, Cathodically clean in the alkaline electrolyte as in Ex, 1

3 . Rmse

4, Activate in the fa&lowing electrolyte as followsgs

Sulphuric acid (Sp.gr: 1.84)

20% by volume

s
Temperature 1 30°C
Cathode 8  Work
Anode 1 lead
Cathodic current density t 10 asdm
Time $ 5 minutes

5. Without rinsing, make the work cathodic in

the following electrolytes

Cupric chloride t 20 g/1
Hydrochloric acid s+ 400 ml/1
Water : 600 ml/1
Anode ¢ Carbon rod
Cathodic current density $ 1 asdm
Time ' ¢ 15 minutes

6. The work is rinsed and immersed in 5% by volume sulphuric acid and

then rinsed.

7. Nickel plate in the following electrolytes

Nickel sulphate 1 240 g/1
Nickel chloride : go g/1"
Boric¢ acid t 30 l
Anode 3 Nickel
Cathode ' $ Work to be plated
Cathodie current density g8 2 asdm
Time $_ 45 minutes

8. Rinse.

9. Bright chromium plating
Chromic acid s 250 g/1
Sulphuric acid t 2t05 g/1
Temperature $ 559C
Cathodic current density $ 30 asdm
Time $ 3 minutes

10. Rinse and dry.

The following are among the main advantages of this inventions

1.
2.

-3,

%,

The nickel strike and the subsequent ctiitical rinsing step are eliminated.

The unstable cuprous chloride electrolyte with an 061 layer 1s digpensged
with, '

The use of cupric ions in wider range is made possible in the strike bath
thereby minimising the careful control of cupric ions in the electrolyts
to get good adhesion of subsequent deposits,

Copper or for that matter any other metal can be buillt up pn this strike
copper substrate to any desired thickness up,to 625 microns from the con-

. ventional electroplating baths with very good adhesion and surface

structure, ’
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1. A process for the production of copper plated stainless steel heating
vessels and processing vessels by (1) surface preparation and cleaning of
the surface to be plated, followed by (11) acid dip to make the surface
active and (ii1) subsequent platin, in conventional electroplating baths

at stand-rd operating conditions characterised in that after step (1) and
befora step (111) above, the cleaned surface is (a) activated in hydro-
chloric acid solution, and (b) subjected to strike copper plate in a cupric
chloride-hydrochloric acid electrolyte using graphite or carbon anodes.

2. A process as claimed in claim 1 wherein a flash copper strike plating
electrolytecomprising:

Copper as cupric copper t 8.16 g/1
Hydrochloric acid (Sp.gr:1.18) 3 400-700 ml/1
Glue, Gelatin or Gum arbic $ upto 1 g/1
‘48 operated in the following range of conditions:
Temperature s 30-60°C
Cathodic current density t 0.5-5 A/dﬁ;
Anodic current density $ 0,5-5A/dm
Anode to cathode area ratio $ 331 to 131
T™re of plating $ 2 minutes - 10 minutes

3. A process as claimed in claim 1 or 2 wherein the activation is done
under the following conditions:

Hydrochloric acid (Sp.gr. 1.18) 3 5-25% by wol.

Temperature $ " 1-5 minutes

Anodic current density s 6-8A/s’.dm

Cathode 8 Grephite or stainless steel

M. A process for the production of copper plated stainless steel heatliing

vessels and processing vessels substantially as herein before described,

Dated this 30th day of December, 1975
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