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PROVISIONAL SPECIFICATION

“IMPROVEMENTS IN OR RELATING TQ THE DIRECT DEPOSITION OF PLATINUM OVER
TITANIUM AND TITANIUM-BASED ALLOYS”

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH, RaFI MarG, New DELHI-1, INDIA, AN
[NDIAN R3G.STERED BODY INCORPORATED UNDER THE REGWSIRATON OF SOCIETES ACT (ACT XXI1 oF 1860)

The following Specification particularly describes the nature of this invention :—

This is ap invention by PROF. KADARUN-
PALIGE SITARAMA GURURAIJA DOSS, 1/2
Venkatarama Iyer Street, T. Nagar, MADRAS 17,
SRINIVASA SAMPATH, Scientist, Central Elec-
trochemical Research Institute, Karalkudi-S and
Miss KARAIKUDI SANKARANARAYANA
SASTRI INDIRA. Scientist, Central Electroche-
mical Res2arch Institute, Karaikudi.3, all Indian
citizens.

This invention relates to improvements in or
relating to plating of platinum directly over fita-
rium.

Hitherto it has been proposed to plate plati-
nam over precleaned ftitantum by spark welding,
arc welding, vacuum deposition or electroplating
foliowed by heat treatment. In all these processes.
heat treatment is essential to allow interdiffusion
of platinum on to titanium so as to render good
adhesion possible.

This iy open to the objection that—

{a) the hitherto known processes are labori-
ous leading to platinum plates of limited
thickness and of poor adhesion to the
titanium due to the innate difficuity of
removing the persistent ovide layer on the
substrate,

(Y the conditions of heat treatment, which
is indispensable are critical,

{(¢) the loss of platinum is higher. and

(d) the stabilities of the reported plating
baths are too low.

The object of this invention is to obviate these
disadvantages by devising a suitable method for
electroplating platinum directly on titanium with-
out need for subsequent heat treatment.

To these ends, the invention broadly consists
in:—
(iy degreasing the titanium with an organic
solvent like acetone, benzene or trichio-
roethylene,

(i) dipping in a mixture containing alkali
metal halides {(such as sodium oir potas
sium fluoride 29 - 10%) in the pre-
sence of mineral acids (such as hydroch-
Toric acid - 109%),

(iii) anodic and/or cathodic c¢leaning in an
acid solution containing metal fluorides
25100 g/ 1, hydrochloric acid (10—
70 g¢/1) and an inhibitor of the type of

tetraalkyl ammonium salt e.g. Cetyl tri-
methyl ammonium  bromide, CTAB, (2-
[0g/1) at a temperature of 30 - 70°C at
a current density of 0.1 to 0.5 A/cm* for
2 to 5 minutes,

{iv) electroplating platinum <n to titanium
treated as above from an alkaline solu-
tion containing hexahydroxyplatinate (in
concentration ranging {from 5-30 g¢l/Pt),
alka'i metal acetate (20-50 g/1), alkali
metal hydroxide (20-100 g/1) and inhibi-
tor like CTAB (1 to 10 g/1} at a current
density of 5 mA-100 mA/cm* for a dura-
tion of 2 sec to 3 hours at a temperature
of 30-90°C and a pH of 10-14 followed
by rinsing.

The following typical examples are given to
itlusirate the invention.

Example 1

Pretreatment of titanium :
1. Degreasing in acetone.
2. Dip cleaning in the foltowing solution for

2 minutes,
Sodirm fuoride 20 gpf
Hydrocctric acid 50 gp/

3. Cathodic cleaning in the following solu-
tion for 2 minutes at 30°C at a current
density of 0.2 A/cmt

Sodiym floride 50¢gf1
Hydrocwloric acid 40 g/1
CTAB 4 gf1

Electroplasing of platinum on titanium treated as
above :

4. Platinum as potasium heaahydroxyplatinate ¢ 20 gfs

Potassium acetate 20 g/1
Potassinm hydroxide 50 gf1
CTAB 2gf1
Current densicy 30 mAjom?
Time of plating 60 1:nfn
Timperature 80°C
pH 12— 13
Cutrent efficiency 90%
Thickness of platinum plating 5

Price : TWO RUPEES.



The following are among the main advant-

ages of the invention :

() The pretreatment bath developed and des-
cribed is stable and helps to clean the
titanium surface free of oxide film with
little metal loss, which is a prerequisite
for obtaining an adherent electroplate.

{(ii) The plating bath developed and describ-
ed is capable of being operated between
wide limits of bath composition and
other conditions.

(tii) The plating efficiency {cathode current
efficiency) of the bath is high, nearly 86
90%, and the deposits are smooth and
crack-free, ductile or hard.

(ivi The plating bath developed is stable, can
be easily controlled and is readily rege-
nerable.
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The platinised titanium electrodes made as
described above are robust and stand mechanical
operations without the platinum being chipped off
or peeled from titanium substrate,

(v) The platinum plating which is very adhe-
rent can be built to a considerable thick-
ness of upto 10 microns.

{(vi) The platinum plated titanium can be em-
ployed, without further heat treatment,
as inert anode material in corrosive elec
trolytes as in the electrolytic production
of chlorine, hypochlorites, chlorates. per-
chlorates etc.

Dated this 3rd day of February, 1968.

Sd. /-

PATENTS OFFICER,
Council of Scientific & Industrial Research.

COMPLETE SPECIFICATION

“IMPROVEMENTS IN OR RELATING TO THE DIRECT DEPOSITION OF PLATINUM OVER
TITANIUM AND TITANIUM-BASED ALLOYS”

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH, RAFI MARG, NEw DEeLHI-I, INDIA, AN
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The following Specification particularly describes and ascertains the nature of this invention and the
manner In which it is to be performed:—

This is an invention by Prof. KADARUNDA-
LIGE SITARAMA GURURAJA DOSS 172
Venkatarama Iyer Street, T. Nagar, Madras-17,
SRINIVASA SAMPATH, Scientist, formerly of
the Central Electrochemical Research Institute,
Karaikudi-3 and Miss KARAIKUDI SANKA-
RANARAYANA SASTRI INDIRA, Scientist, of
the Cenfral FElectrochemical Research Institute,
Karaikudi-3, India, all Indian citizens.

This invention relates to improvements in or
relating to electroplating of platinum over tita-
nium or titanivm-based alloys.

Hitherto it has been proposed to plate plati-
num over precleaned titanium by spark welding,
arc welding, vacuum deposition or electroplating
followed by heat treatment. In all these processes
heat treatment is essential to allow inter-diffusion
of platinum on to titanium so as to make good
adhesion possible.

The following ate the drawbacks of the

hitherto known processes : —

(@) The processes mentioned earlier are labo-
rious leading to plates of platinum of
limited thickness (e~ 1p) and of poor
adhesion to the titanium due to the in-
nate difficulty of removing the persistent
oxide layer on the substrate.

(b) The conditions of heat treatment. an
essential step, ate critical.

(¢} The platinum loss is higher.

&) The stabilities of the reported platinum
plating baths are too low.

The main object of the present invention is
to obviate the disadvantages enumerated above by
devising a suitable method for electroplating pla-
tinnm directly on titanium, without the need tor
subsequent heat treatment,

The main findings underlying the invention
are the electrolytic pretreatment of titanium to re-
move the oxide layer thereon and the electrodepo-
sition of platinum on the surface of titanium so
cleaned. The addition of a suitable inhibitor in
the cleaning step and the incorporation of an
addition agent in the plating bath are novelties
leading to an adherent plate of platinum of ade-
quate thickness,

The merit of the invention stems from the
finding that adherent plates of platinum of thick-
ness up to 10 microns on titanium is made pos-
sible by making use of the procedure described
herein. The methods used earlier for cleaning the
titanium to remove the oxide film were too dras-
tic and wusually resulted in reformation of the
oxide (on exposure to air or water) which inter-
feres with the adherence of the plating, The in-
hibitor made use of helps in removing the oxide
and keeping an active metal surface. The addi-
tion agent in the plating bath helps to obtain
smooth, uinform, adherent and thick deposits of
platinum which do not need further heat treat-
ment.

The other findings pertaining to’ the invention
are that the platinum plating on titanium obtain.
ed is besides being adherent, bright and free from
pores.



The present invention consists of a process
for the electroplating of platinum directly on tita-
nium or titanium-based alloys which comprises the
precleaning of the surface to be plated free of the
oxide film followed by the electro-deposition of
platinum. The titanium base is first degreased
using an organic solvent like acetone, benzene or
trichloro-ethylene and is next subjected to a che-
mical cleaning step using a mixture containing
alkali metal halides such as sodium and potassium
fluorides in the presence of mineral acids. This is
followed by anodic andfor cathodic cleaning at
a current density of 0.2 amp per sq. ¢cm. at room
temperature in an acid solution containing alkali
metal fluorides, hydrochloric acid and an inhibi-
tor such as CTAB {(Cetyl trimethyl ammonium
bromide) in concentrations ranging from 25-100
gpl. 1070 gpl and 2-10 gpl respectively. The
final step in the process consists in the plating of
platinum on titanium base thus treated making
use of an alkaline bath containing hexahydroxy-
platinate in concentration ranging from 5-30 gpi
platinum, in the presence of an addition agent
such as CTAB, 1-10 gpl foliowed by rinsing. The
electroplating is cartied out at a current density
of 5-100 mA per sq. cm. and at a temperature of
30-90°C, the duration being varied from 2 seconds
to 3 hours depending on the thickness required.

The wide range of conditions and concentra-
tions possible as well as the good stability and
reproducible characteristics of the cleaning bath
and the plating bath make this process readily
adoptable for obtaining adberent, bright and
porefree deposit of platinum of desired thickness
on titarium. The deposit does not require any
further heat treatment.

The process developed and described hareir
does not call for close control of operating condi-
tions in order to obtain reproducibility adherent
deposits of platinum on titanium. The novel fea-
tures of the invention are the electrolytic clean-
ing which removes the oxide film on titanium and
renders it ready to receive the platinum plating
and the electrodeposition bath which helps to
plate platinum on titanium to a thickness as high
as 10 microns without need for subsequent heat

treatment.

Description of the process—The surface of
titanium or titanium-based alloy required to be
plated is first degreased in a suitable organic sol-
vent like trichloroethylene to remove grease spots
etc.. which will hinder the plating and full coves-
age of the metal. Then the specimen is placed
or dipped in a solution containing sodium and/or
potassium fluoride (20 gph and nitric or hydroch-
loric acid (50 gpl) for one minute. Anodic and/
or cathodic cleaning is next carried out at a cur-
rent density of 0.2 amp per sq. cm. for two minu-
tes at room temperature in a bath containing
sodium/potassium fluoride (50 gpl). hydrochloric
acid (40 gph and CTAB (4 gpl). The clean speci-
men is transferred to the plating bath and made
the cathode, the anode being platinum. The bath
consists of platinum as hexahydroxyplatinate 5-20
gpl, potassium acetate 20-50 gpl, potassium hydro-
xide 20-100 gpl, CTAB 1-10 gpl, pH 10-14. The
range of current densities that can be employed
is 5-100 mA per sq. cm. and the operating tempera-
ture can be 30-90°C. Depending on the thick-
ness of platinum required to be plated out, the
duration of plating can be from 2 seconds upto 3
hours. After carrying out the plating the speci-
men is rinsed and dried.

114418 3

_ The following typical examples are given to
illustrate the invention:

Exampie 1 Example 2
PretreatmMent — Degreasing :
Solvent used Trichloroethylene Benzene
Temprature 30°C oeC
Duration 2 minut. s 1 minute
Chemical cleaning :
Compeosition of 8odium fiuoride 10 gpl
solution 20 gpl hydroch-
loric acid 50 gpi
Temperature 30— 70°C 50°C
Duyradion 2 mix utes 1 minute
Blectralytic cleaning :
Anodic or cathodic
or both
Composition of solntion
Sodium fuoride 50 gpl 40 gpl
Hydrochloric acid 50 gp 50gpl
inhibitor & concentration 2 gpl 4 gpl
Temperature 50°C 60°C
Current density 0.2A fcms 0.1Afcm?
Duration 2 minutes 5 minutes
Elsctroplating of platinum
Composition of the bath : 1 2 3
Potassium hexahydroxy
platinate 20 gp! 12 gpl 20 gpl
Potassium hydroxide 50gpl  30gpl 60 gpl
Addition agent & con-
centration 2epl 1 gpt 2egp
pH of the bath 12-13 11-12 13-12
Temperature 80°C 10°C 30°C
Current density 30mA/ 10mA{ 40mAy
cm® cm? cim?

Dyration 2hours 3 hours 2 hours

In both the examples cited above, the plating
of platinum was smooth, bright, uniform, porefree
and adherent. In example 1, the plating was 10
microns thick and in example 2, the thickness
wasg 5 microns.

The following are among the main advant-
ages of the invention:
(i) The pretreatment bath is stable and helps
" to clean the titanium surface free of
oxide film with little metal loss, which
is a prerequisite for obtaining an adhe-
rent electroplate.

(i) The inhibitor incorporated in the pre-
treatment bath is not decomposed during
use or during storage.
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(i) The wide limits of composition and ope-
rating conditions possible with the bath
developed for platinum plating make for
good flexibility.

tiv} The cathode efficiency of the bath is high
{nearly 80-90%) and the deposits are
smooth and crack free, ductile or hard.

{v) The plating bath is stable, easily control-
led and readily regenerable.

{vi} The titanium or titanium-based alloy spe-
cimens directly plated with platinum by
the process described hereinbefore are
robust and stand mechanical operations
without the platinum being chipped off
or peeled from the substrate. (Tested
by bend tests & drilling tests).

(vii) The platinum plating is very adherent
and can be built up to a thickness of 10
Microns.

The process developed for the plating of pla-
tinwin directly on titanium  or titanium-based
alloys makes use of an electrolytic cleaning step
in which the type of inhibitor used helps to re-
move the tenacious titanium dioxide film present
on the surface and to keep the substrate in the
active state during the subsequent plating opera-
tion, The stable platinum plating bath in which
a new addition agent is incorporated leads to an
electroplate which is smooth. porefice and adhe-
rent and can be built to thicknesses not possible
with baths reported earlier. This process does not
require the post-deposition heat treatment consi-
dered essential to make good adhesion possible by
allowing diffusion of platinum on to titanium.

WE CLAIM :

1. A process for the electroplating of plati-
nam directly on titanium or titanium-based alloy
comprising the precleaning of the surface free of
oxide fiin followed by the electro-deposition of
platinam wherein the substrate surface is first de-
greased with an organic solvent like acetone, ben-
zene or frichloroethylene and is pext subjected to
a chemical cleaning step for one minute in a mix-
ture containing alkali metal halides such as sodium
and potassium fluorides in the presence of mine-
ral acids followed by anodic and/or cathodic clean-
ing at a current density of 0.2 amp per sq. cm.
at room temperature for two minutes in an acid
solution containing alkali metal fluorides, hydro-
chloric acid and an inhibitor of the tetraalkyl am-
monium halide type such ag cetyl trimethyl am-
monium bromide (CTAB) in concentrations rang-
ing from 25-100 gpl. 10-70 gpl and 2-10 gp! res-
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pectively and f{inally plating platinum on tne sur-
face thus ¢leaned making use of an alkaline bath
{ai pH [0-[4) containing alkali hexahydroxy-plati-
nate in concentration ranging from 5 to 30 gpl
platinum in the presence of an addition agent of
the tetra alkyl aimnmonium halide type such as CTAB
(110 gph at a current density of 5-100 mA per
sq. cm. at a temperature of 30 {o 90°C the dura-
tion being varied from 2 seconds to 3 hours de-
pending on the thickness of the plating required
and rinsing the plated specimen free of electrolyte
and drying.

2. A process as described in claim 1 whercin
the specimen made of titanium or titanium based
alloy is electrolytically precleaned by making it
an anode or cathode.

3. A process as given in claims 1 and 2 where-
in the electrolytic cleaning bath contains 25-100
gp! of alkali metal fluorides, 10-70 gol of hydro-
chioric actd and 2-10 go! of an inhibitor of the
tetraatkyl ammenium halide type such as CTAB.

4, A process as described in the preceding
claims wherein the electrolytic cleaning is carried
out for two minutes at room temperature at a cur-
rent density of 0.2 amp. per sq. ¢m.

5. A process as described by the aforesaid
claxms wherein the electrolytically cleaned speci-
men is directly electroplated wiih platinum, the
plating bath containing 5-30 enl platinum in the
form of alkali hexahvdroxyplatinate at a pH of
10-14 and I1-10 2pl of an addition agent of the
tetraalkyl ammonium halide type such as CTAS.

6. A process as described in the previous
claims wherein the cathodic current density for the
electrodeposition can be varied in the range 5 to
100 mA per sq. cm, and the temperature of elec-
trodeposition from 30 to 90°C.

7. A process as set out in the preceding
claims wherein the electrodeposition of platinum
can be carried out for a neriod of 2 seconds to 3
hours depending on the thickness required.

8. A process as described hereinbefore lead-
ing to a smooth, porefree and adherent electro-
deposit of platinum directly on titanium or tita-
pium-based alloys.

Dated this 21st day of November, 1968.

Sd.7-
{R. BHASKAR PAID
PATENTS OFFICER,
Council of Scientific & Industrial Research



