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This invention relates to "Improvemant in or relating
to Dirsct Nickel Plating on Aluminium and its alloys and

Black chromium plating there" for solar collectors.

Hitherto it has been propose to use methods such as
zincating, Anodising or to give Bronze strike prior to

plating on aluminium surface.

It is difficult to have an adherent plating on aluminium
without the above mentioned operations involving many stepe.
The ebject of the present invention is to obviate these
difficulties by plating Nickel directly on to Aluminium

eurface and to plate black chromium thereon,

To these ends the present invention consists in
degreasing Aluminium surface with organic solvent, alkaline
cleaning, Acid etching, Nickel plating and finally black
chromium plating with intermediate washing and rinsing

allter each step.

Aluminium and its alloys in the form of sheet, tape,
strip,. wire, foil or tube are used in thes prasent inventien
for direct plating of Nickel and black chromium plating

thereon.

The alulinium surface is polished by mechanical means
and degreased with trichloroethylene or with perchloroethylene,
The degreased surface is alkali cleaned in § - 10% u/v Sodium
hydroxide containing conventional wetting agents for 30 seconds

to 2 minutes at 25 - 40°C. After alkali cleaning the



153303
aluminium surface is washed and etched in an acid etching
bath consisting of 20 - 35% v/v hydrochloric acid (35 - 38%
concentration) 1 = 5% V/V hydrofluoric acid (40% concene
tration) 0 - 2% W/V thiourea and conventional wetting agents
for 15 seconds to 2 minutes at 25 - 40°C,

The etched aluminium surface is washed with tap water,
ringed in deionised water and plated with nickel either from
a bath comprising of Nickel sulphate 150 - 200 g/1, Nickel
fluocborate 60 - 90 g/1, Nickel chloride 1 - § g/1, Baric
acid 20 - 35 g/1 with pH 1.9 to 2,3 at 45 - 60°C ysing a
current density of S5- 20 A/ds’ to the reguired thickness
or from a Mickel sulphamate bath.

The Nickel plated aluminium surface is washed and rinsed
with distilled water, optionally heat treated at 350° to 450°C
and finally black chrome plated in the following bath compri-
sing of chromic acid 400 - 450 g/1, sodium hydroxide
50 - 60 g/1, Pluosilicic acid 0.5 - 1.0 g/1, sucrose 2-3 g/}
and sodium nitrate 0 - 3 g/1 at 21% - 35°C using a current
density of 15 - 30 A/dm® Either 8% Sn. 92% Lead alloy or mild
steel is used as anode material, The black chrome plated
Aluminium surface is jet black and suitable as solar
collectors. The: thermal emittance (et) and solar absorp-

tion ( 8) of the above black chromium plating are reported

to bs 0.95 and 0.08 - 0,2 respectively.
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The following are the examples to illustrate the

invention are not to limit the scope of the invention,

EXAMPLE 1

Commercipl grzde 25 aluminium sheét of gsize 10 cm x
24 cm is mechanically polishzd, degreased with trichloro
ethylene, alkali cleaned in 10% sodium hydroxide containing
0.1 cc/litre Teepol as wetting agent at 30°C fo. 1 minute,
washed in tap water, etched in 30 v/v hydrochloric scid
(35-38%) containing 5% v/v hydrefiveric acid (39-40%)
0.5 g/1 thiourea and 0.2 g/l sodium lauryl sulphate. After
etching, the specinmen is washed in tap water, ringed with
distilled water and nickel plated in a modified fluoborate
66 ‘a/Titre, Witkel nioridd T ol Cand/02e 14°kela B8P E rre
pH of the bath was maintained at 2 end the temperaturs of
the baeth vas 55°C. MNickel wss plated at 10 A/dm? current
density to get 6 micron thick deposit. After nickel plating,
the plate wes wvashed, rinsed and black chromium plated in &
bath containing 400 9/& chromic acid, 60 g/1 sodium hydroxide
1 ¢/1 Fluosiliocic acid, 2 g/l sucroee and 2 g/l sodium Nitrate.
The bath vas operated at 30°C. A current density of 23 A/dw?
was employed for plating for 5 minutes. The chromium

deposit obtained vas jet black and was very adherent.

XA M
S1SUP Aluminium 8lloy extruded tube was taken and pre

cleaning operations wvere done as in example 1 and nickel plated

in the modified nickel fluoborate bath, containing
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Nickel fluoborate 83 g/l1, Nickel sulphate 170 g/l1, Nickel
chloride 1 gm/l and Boric acid 33 g/l. The pH of the bath
was maintained at 2 and the spesciment was Nickel plated to

give 6 micron at 45°C at current density of 20 A/dmz. The

nickel plated specimen was washed rinsed with distilled water,
dried and heat treated at 400°C for 3 minutes and air cooled,
The specimen was black chrome plated using the bath mentioned
in the example 1 for 5 minutes at ;Soc using a current
density of 20 A/dm?., The black chromium plating obtained

was very adhement and it vas matt black in appearance.

EXAMPLE 113

Commercial grade 28-aluminium strip was degreased and
precleansd as in example 1 and Nickel plated from the
modified sulphamate bath containing Nickel sulphamate 210 g/1
Nickel chloride 5 g/l, Nicksl aulphate 41 g/l and Boric
acid 25 g/1. The pH of the bath was maintained at 4 and the
bath was operated at §5°C at 15 A/dw* ourrent density to get
6 micron thick nickel deposit. The nickel plated strip
was washed and rinsed in distilled water and black chromium
plated in a bath containing chroimum tri-oxide 300 g/1
Nitric acid 2ml/l, Fluosilicic acid 0.5 g/l (calculated as
100% acis) at 20°C using a current density of 25 A/dn’
for 3 minutes to get a matti black finish. The plating was

very adherent and was tested by 180° bent test.

EXAMPLE 1V

265 aluminium alloy sheet was degreased and precleaned
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and Nickel plated as in axample 1 and Black chromium
plated in a solution containing 250 g/l chromic acid
20 g/1 ammonium sulphamate 15 g/l Boric acid at a pH
of 1.5 at 15 A/dm2 at 25°C using a lead tin alloy anode
(Pb 90% + 3@ 10%) for 5 minutes. Tha deposit was very
adherent and jet black in appearance. Following are

the main advantages of the inventiong

1 The method of direct plating on aluminium
avoids the intermediate steps such as zincating,
bronze strike, anoidising, hence making the

process mor¢ simple, quick and economical,

2. The black chrome plated aluminium in_different
forms obtainaed by thia process Pinds applica-
" tion as solar collectors and it is reported
that the black chrome surface on Nickel 1s

highly suitable for solar collectors.

3., All the materials needsd for this process are

indigenouely available.

Dated this 2nd day of November 1979

8d/-

S ® Kumars

Agatt. Patantas Officer
Council of Scientific

& Industrial Ressarch

11% Floor, €S5IR Complex,
NPL Campus, Library Road,
P@sa, Naw Delhi - 110012,
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THE PATENTS ACT. 1990

OOMPLW BPROCIFIOATION
( Section—10 )

PROCESS FOR DIRECT NICKEL ARD CHROMIUM PLATING OF SUBSTRATES
OF ATUKINIOM AND ITS ALLOYS FOR SOLAR COLIZCTOR APPLICATIONS,

COURCIL OF SCIERTIFIC AND INMDUSTRIAL RESEARCH, Rafi Marg,
Fev Delhi-1, India, an Indian regiatered body incorporated
under the Registration of Socteties Aet (Act XXI of 1860),

The following specification particularly describes and ascertaing the neture. of this invention
and the manner in which it is to be performed =
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This i® an invention by Balkunje' Anantha Shenoi, Scienti-
st; Vonkateraman Balasubramanian, Scientist and Nathi Upendra
Nayak, Junior Sclentific Assistant, all of them are amployed
in Central Electrochemical Rassarch Instituts, Karaikudi-8,

Tamil Nadu and are Indian nationals.

This invantion relatez to a process Por direct nickel
and chromium plating of substrates of aluminium and its alloys

for solar colilactor applications.

Hitherto it has been proposed to use methods such as
zincating, anodiaing or to give bronze strike prior to plating

on aluminium substrate surface.

It is difficult to have an adherent plating Pilm Pormed
on aluminium withouth the abave mentjoned operatians, involving
a plurality of steps. The object of the present invention is to
obviate these difficulties by plating nickel diractly on the
aluminium aubatrate surfaces, and to plate black chromium
thareon. To theas snde the present invention consiasta in
degreasing aluminium surface with organic asolvent, alkaline
cleaning, acid stohing, nickel plating and finally black
chromjum plating with intermediate washing and rinaing after

each stap.

This invention thua relates to 8 process Por black
chromium plating nickel plsted aluminium surface for use as
solar collecturs. Nickel plating of aluminium and its alloys
ars made by direct nickel plating without using conventional
methads such as zincating, bronze strike, tin strikes and the
1ike. Black chromium plating an nickel pldated surface is made
using tetra chromate baths described in the invention to get

@ matt black surface which can ba used as aolsr callectors,

Aluminium and its alloye substrates in the form of sheat,

tape, strip, wire, Poil or tube are used in the presaent inven.
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tion for direct plating of nickel and black chromium plating

thereon,

Accordingly this invention prowides a process for direct
nickel and chromium plating of substrates of aluminium and its
alloys for solar collector applications comprising Pollshing,
degreasing and alkali cleaning the substrate whioh is character-
ised in thft the substrate is further subjected to acid etehing,
nickel plating in an electrolytic bath coneisting ofs

s) nickel sulphats ves §0-200 g/1
b) niockel sulphamate ees 0 -300 g/1
e¢) niockel flucborate soo 0 - 90 g¢/1
d) nickel chloride, and ese i1« 6§ g/l
s} boric acid e 28- 40 g/1

and then black chromium plating in an elecirolytie bath
consdsting ofs

a) ohromic acid eer  400-450 g/}
b) sodium hydroxide Voo &0- 60 g/1
8} Sucrose, and vee 2- 39/t
d) eodium nitrate oo g 3 g/t

in the presence of a catalyst such as Pluoboric agid, fluosilicic

acid or selensous acid in sn emount of 0,8 to 1.5 g/l

The sluminium surface is polished by machanical, chamical
or slectrochemical means and degreased with trichloroethylans of
psrchloroethylens, The degresssd surface is alkali clsaned in
§-10 % w/v sodium hydroxide sontaining conventional wetting agente
for 30 seo to 2 min at 28+40°C, APter alkali cleaning the alumie
nium surface is vashed and etohed in an acid stohing bhath
consisting of 20-35% v/v hydeochloric ecid (35-38% concentration)
, 1-5% v/v hydrofluoric aeid (40 concentration), 0-2% w/v
thiourea and conwentional wetting agents for 15 seconds to
2 minutes at 28-40°C. The etched aluminium surface is washed with

tap watar rinsed in dejoniees water and platad with nickel either
from a bhth comprising nickel sulphate 150-200 o/1, nickel
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Pluoborate 60-30 g/1, nickel chloride 1-5 g/l, boric acid
20-35 g/1 with pH 1.9 to 2.3 at 40-60°C using a current density
of 5-.20 A/gm2 at the required thickness or from sulphamate bath
consisting of nickel sulphamats 200-300 g/l, nickel sulphate
50-100 g/1, nickel chloride 1-5 g/1l, boric acid 30-40 g/1 vith
pH 3.5 to 4 at 50.50°C using a current density of 10.25 A/dn?.

The nickal plated aluminium surface is washed and rinsed
with distilled water and finally black chrome plated in the
following slectrclyte comprising of chromic acid 400-500 a/1,
sodium hydroxide 30-60 g/1, catalyst such as fluoboric acid,
fluosilicic acid or seleneous acid in the range of 0,5 to 1.5
g/l. Sodium nitrate in the rangs of 2<3 g/l, and sucrose 2.3
9/1 are optionally added to the bath, The bath is operated
at 20-35%C using current density of 15-30 A/dmz using lead-tin
alloy anode (92% lead and 8% tin), The black chrome plated
sluminium surface was jet Black and suitable for solar collectors.
The thermal.emittance (£ ) and solar absorption ( ) of the
black chromium plating are reported to be 0.08-02 and 0.95
respectively. The desirable valus of gl is 7. 0-95 and£¢ 0.1,

The following examplas further illustrate the invention
and do not to limit the scape of the invention.

Example 1

Commercial grade 25 aluminium sheet of size 10 cm x 2% cm
was mechanically polished, degreased with trichlorcethylane,
alkali cleaned in 10 § sodium hydroxide .ontaining 0.1 cc/1
tespol as wetting agent at 30°C for 1 minute, washed in tap
water, etchad in 20' v/v hydrochloric acid (35-384), containing
5% v/v hydroflyoric acid (39-40%) 0.5 g/1 thiourea and 0.2 g/l
sodium lauryl sulphata. After etching, the spacimen is washed
in tap water, rinssd with distilled water and nickel plated in
e modifisd fluoborate bath containing nickel sulphate 200 g/1
nickel fluoborats 66 g/l, nickel chloride 1 g/l and boric acid
20 o/1. VThe pH of the bath vas maintained at 2 and tha temperat-
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ure of the bath was 55°C. Nickel was plated at 10 A/dw current
denaity to get 6 micron thick deposit., After nickel plating,
the plate was washed, rinsed and black ¢hromium plated in a bath
containing 400 ¢/l chromic acid, 60 g/1 sodium hydroxids, 1 o/1
fluosilicic acid, 2 g/1 sucrose and 2 g/l sodium nitrate. The
bath was opsrated at 30°C. A current dengity of 23 A/du? wvas
employed for plating for 5 minutes. The chromium deposit obtained

was jet black and was very attharent.

Example 2

5 1 SWP aluminium alloy extruded tube was taken and prec-
leaning operations done as in example 1 and nickel plated in the
modified nickel fluoborate bath contalning nickel fluoborate
83 g/1, nickel sulphate 170 g/1, nickel chloride 1 g/1, and
baric acid 33 g/1. The pH of the bath wvas maintained at 2 and
the specimen was nickael plated to give 6 micron at‘45°c at
current dengity of 20 amp/chuz. The nickel plated specimen was
washad rinsed with distilled water and dried. The specimen was
black chrome plated using the bath mentionsd in the example 1
with seleneuous acid 1 g/l in lieu of feluosilicic acid as
catalyst for 5 minutes at 25°C using a current density of
20 A/dn?. The black chromium plating obtained was very adhersnt

and it vas matt black in appearance.

Example 3

Commercial grade 2S-aluminium strip was ‘degreased and pre-
cleanad as in example 1 and nickel plated from the modified
sulphamate bath containing nickel sulphamate 210 a/1, nickel
chloride 5 g/l, nickel sulphate 41 g/l and boric acid 25 g/1.
The pH of the bath was maintained at 4 and the bath vas operated
at 55°C at 15 A/dm2 current density to get 6 micron thick nickel
deposit., The nickel plated atrip was washed, rinsed in distille-
d water and black chromium plated in bath containing chromium

tri oxide 300 g/l, nitric acid 2 m}/1 (sp. gr 1.4) fluoboric
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acid 0.5 g/l (calculated as 100% acid)at 20°C using a current
density of 25 A/dm’ Por 3 minutes to get a matt black finish.
The plating was very adhearent and was tested by 180° bend test,

Example 4

26 8 aluminium alloy st..et was degreased and precleaned
and nickel plated as in example 1 and black chromium plated in
a solution containing 250 g/l ohromic acid, 20 g/1 ammonium
sulphamate, 15 g/l boric acid at s pH of 1.5 at 15 A/de® at 25°C
using a lead tin alloy anode 2% Pb ¥ 8% Sn) for § minutes. The

deposit was very adherent and jet black in appearance.

The other objections af the invention arei-

1. to develop a method for direct plating on aluminium
surfaces to avold the intermediate steps such es zincating
bronze strike, ano«diring, hence making the process more

simple, quick and sconomical,

2. to black chrome plating the aluminium surfaces in differa-
nt formes obteined by this process which find application
as solsr collectors as the black chrome surface on nickel

is highly suitable for solar ceollectora.

3, to develop s process for which all the materials neseded

for this process are indigenously available,

- 12 -
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We claims

9, Process for direct nickel and chromium plating of substr-
ates of aluminium and its alloys for solar collector epplicati-
ions comprising polishing, degreasing and alkali cleaning the
substrate, characterised in that the subtrated is further
subjected to acid etching and then to nickel plating in an electrolytic
bath consisting of 3

a) nickel sulphate voo SOw2G0 g/1
b) nickel sulphamate cee 0-300 g/1
c) nicksl flucborate vee 0- 90 g/1
d) nickel chloride, and ces 1- § g/l
®) boric acid oee 25- 40 g/1,

and then black chromium plating in an electrolytic bath

congisting of

a) chromic acid voo 400-450 g/1
b) sodium hydroxide oo 50- 60 g/1
c) sucrose, and see 2- 3 g/1
d) sodium nitrate soe 0- 3 g/1

in the presence of a catalyst such as fluoboric acid, fluosilicic

acid or selensous acid in an amount of 0.5 to 1.5 g/le

2. Procees as claimed in claim 1 wherein the etching solution
used for acid etching the substrate consiste of 25-35% of 36«
38% Conc., hydrochloric acid, 1-5% v/v of 40% conc, hydrofluoric
acid, 0-2% w/v of thiourea and 0.2% w/v of ustting agents such

as sodium lauryl and theetching operation is carried out at

30-35°C for 15 seconds to 2 minutes.

3. Process as claimed in claim 1 wherein the nickel plating
bath used consistes of 150 - 200 g/l of nickel sulphate, 60 -90

o/l of nickel fluoborate, 1-5 g/l of nickel chloride and 20-35

g/1 of boric acid and the electrolysis is carried out at a

pH of 1.9 to 2,3 at a temperature of 40°-60°C using a current
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dangity of 5.20 A/dnz.

4, Process as claimed in claim 1 wherein the nicksel plating
bath consists of 200-300 g/l of nickel sulphamate, 50-100 g/l
of nickel sulphate, 1-6 g/l of nickel chloride and 30-40 g/1
of boric acid and the electrolysis is carried out a pH of 3,5
to 4 at 50°-60°C in the current dengity range of 10-25 A/dmz.

S. Process as claimed in any of preceding claims wherein
a current density of 15-30 A/dm2 is used at a temperature of
20-85°C vith a lead-tin alloy(Pb 92% and Sn 8%) as the anode

material,

6. Process for direct nickel and chromium plating of
substrates of aluminium and its alloys for solar tollectors

application substantially as herein described and illustrated

Dated this 11th day of November 1980.

Sd/-

( I.Mm.S. MAMAK )
SCIENTIST (PATENTS)
COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH.



