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IMPROVEMENTS IN OR RELATING TO ELECTROLYTIC BATH COMPOSITION FOR INTEGRAL COLOUR
ANODISING OF ALUMINIUM AND ITS ALLOYS.

PROVISIONAL SPECIFICATION.

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH, Rarx Magre, DELHI-1, INDIA, AN INDIAN REGISTER-
ED BODY INCORPORATED UNDER THE REGISTRAIION OF SocteTI: Act (Acr XXI oF 1860).

The jollowing specification descrives the naiure of this imvention.
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This is an invention by BALKUNJE ANANTHA SHENQI, Scieatis: and ARUMUGAM PALA.MALAI,
Junior Scientific Assistant, both of the Central Elcctrochemical Research Institute, Karaikudi-3. India, both

Indian citizens.

This invention relates to improvements in or
relating to integral colour ancdising of aluminium
and its alloys.

t2 it has been proposed to adopt the follov-
Ing K Sooisges Tor ontesral oosue s
of aluminium and its alloys:
1 Owanuc acdid  +  Sulvhurie acid + Inhibitor

(Developed in Hungary)

L Sutpivric acid 4+ an organie acid Gike oxalie,
malonic, lactic or malic acid + & salt of the
organic  Gaain'y  oxalic ccoid) and & met o of
group IB, VIIBE or VIII of the Periodic 'lable
(¥rench Prox
Kuleolour, Dnranodic and Vercxal processes
- Autokolor HSH Process (Hungarian).

These processes are cpen to the objections as des-
cribed below :

The disadvantage of process (1) is that the depth
of the cclour cannot be increased beyend  a limit,
Thus, oxide coatings similar to medium grey  films
arz produced. :

In Process (2), rather higher curreat densily in
the order of 1.3 {o 6.5 Aldm?® (the preferable range
being 5 to 5.2 Aldm®) should be emploved. Ia crder
{0 maintain the current censity, specified above,
anodisation in this bath consists of a progressive in-
cresse of the appliec eleetrical voltage from an ini-
tial vaiue of about 20V to ag high a value as 250V
for some alloys of aluminium, Heree, the bath gets
heated steadily, as anodising proceeds. So, cooling
is necessary in this bath to a_greater extent than in
the rewly proposed baths where the current density
falls off os anodising, procecds since the bath voitage
1s kept constant. Only direct current is used in this
proress.

All the three processes, employ  baths containing
suiphuric acid (or aixali sulphate), along with aro-
matic sulphonic acid like sulphosalicylic  or sulpho-
phthalic acid and other addition, if any, eg., wmaleic
acid in Veroxzl Process. These baths contain rather
higher concentrations of the costly  sulphosalicylic
acid, for example :

Hi

- w

Kalcolour Proecess 7-15% sulphosalicylic acid
Durancdic Prceess 10% ”
Vervxal Process 5% »

plus maleic acid

Anocdising is not done with AC to attain sufficient
depth of colour. A duration of 50-60 minutes is re-
guired. In certain cases, it is at least 20-40 minutes.

Even though in Process(4), different shades of
vellow, red and brown colours can be chtained, they
are not sufficiently deep. We have made  improve-
ments over this process. Practically at the same con-
centrations of chemicals, to get deeper coloured coat-
ings in Prccess (4), rather higher vcltage should be
employed as cempared to that in the new bath. This
point is illustrated in the table in Example 1. Use
of higher cell voltage to produce darker coatings is
limited in Prucess (1) by the production of sparks.

The object of this invention is to obviate these dig-
advantages by changing one or two compcnents of the
path employed in I-rocesg (4) (5-sulphosulicylic  acid
ot Formic acid 4 dydroquinone).

To these ends, the invention broadiy consists .»
using any one cf the srganie compounds such as pyr.-
gallol, pyrocatechol, p-aminophensl and metol, in the
place of hycroguinen. ir the >ve said bath. In tie
casi: of baths conteinmg pyrogaliol and pyrocatecl: i
co.oured coati . initially we have o
ancdise a nen ot a rolativory dzher voltage for
wb Tzast Lhree Gve minutes, This operation is requir-
ed for a bath only chee ot the boginning and not Zor
overy specirmern, anodised in that path.

Hydcoquing car aisc be replaced by the
cheaper borle acid U gor slightly cceper  coloufed
voaringg when IO s used and more shining coatings
when AC is cmpioyed,

5 dily available (in our country) tartaric
n be used in the place of formic acid,
7 if mete] ds used insiead of hydroguincne to get
< colourcd onodic coat
Moest of 1he corrpounds employed i the place of
GGUINGTe, L othe  use  of comparative.y
bath ged thus enshling us  to produca
: 3 corcured coatings.

p 1 ol the electrolyte and the anodis-
ing conditions sre as [ollows

dzepe

Composition

B-Sulphosalicylic acid : 1-10% wlv
Formic acid 1-10% w;v

Fyrogallol, pyrocatechol,
p-aminophenol, metol or
boric acid 0.3-4% wiv

Anodising conditions

Ter-verature 30+3<C
Time 20-25 minutes

Bath voltage (AC or DC) 50-130V
Currenl dergity: 0.8-4 A dm*
Cathode Leacl

Maximum anodic current density is reacked after
switching on.  But within one or two minutes, it
falls tu the above specified iow value. Thus. vuliage
or current is to be rsguiated only during first two
minutes. = Air agitation and cooling arrangements
are required. In  AC, initial maximum eurrent
denvity is lower than in the case of DC. Anodic
current density falls siowly 10 averags value in the
case of AC.

The following typical tixamples are given to illus-
trate the invention:

FExrample 1

Specimens of 38 aluminium alloy are etched (if
necessary), polished (mechanically, cr belter chemi
cally or electruchemicallv) and degreased with tri-
chloroethylene, They are then ancdised in the
folloewing electrclyte -

Composition
O-Sulphesalieylic acid 4% wiv
Formic acid 4% wlv

Pyrogalls]
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Anodising conditions
Temperature
Time

30:+3°C
20-25 minutes
Bath veolages (AC or DC) 50,860,770 and 80V
Current density 0.8-4 Ajdm?

Cathode Lead

In the beginning, a specimen is anodised at 100V
for 5 minutes.

At different bath voltages, anodic ¢oautings of differs
ent shadcs of colours are produced. At each voltage,
the colour obtained from this bath is deeper than
rem the bath employed in the Autokclor HSH Pro-
cess, practically under the same concentrations of
chemicals. This is illustrated in the following Table ,

Voltage
Dc o
Pyrogallol

Colouss of anudic coating from baths containing

Ny
Hydroquinone Autokolor HSH Process
50V Yellowish green
60V Brown
oV Chacolate
80V Dark Brown

Feeble yellow
‘Yellowish green
Light brown
Brown

Under similar conditions, colour obtained by AC
is different from DC. For example, the pyrogaliol
bath produces at 70V {AC), red brown coating on
the 35 alioy instead of the chacolate colour with DC.
Employing AC in this pyrogallcl bath, different tones
of red coatings are produced.

In AC also, the coatings from pyrogallol bath are
deeper than from hydroquinone bath (same concens
trations of chemicals). Sume trend is observed when
25 alloy and extruded aluminium like B51 SWP are
anodised in the above said bath. 1% pyrogatechol
or p-aminophencl cun play the same role as pyro-
gallol.  Added to this, they permit anodising at even
90V without spark production.

Example 2
B-Sulphosalicylic acid : 4% wivy
Formic acid : % wiv
Metal : 1% wiv

Anodising conditions: as given in Example 1.

In this bath, different shades of blackish brown
coatings are formed on 3S alloy snd even at 120V,
there is no spark production. But being a darker
colour, there is no appreciable distinction in the
shades of coatings at different voltages.

Example 3

38 alloys is anodised in the following bath under
the same anodising conditions as in Example 1.

§-8ulphosalicylie acid :

: 4% wv
Formic acid : 4% wiv
Borie acid : 2% wiv

In this bath, slightly deeper coloured coatings are
produced under identical voltages as compared to
the baih of the Autokolor HSH Process when DC ig

uscd. In AC, the anodie films are of lighter but of
more shining colours.

Example 4

3S alloy is anodised
J-Sulphosalicylic acid:
Tartaric or citric acid:
Metol: E Wy
Anodising conditions are as in Example ..

in the following electrolyte:

Grevish black costings are obtained
in colour ai cifferent voltages & not much,
to 110V, there 13 no spark procuction.

In this bath, instead of meto’, either hydroquinone
or pyrogallo} or pyrocatecho! produces only  very
light gray coloursd anodic dlms

Exemple §

Distinction:
Even up

Double Amnodising

3S alley is frst anodised it 15% sulphuric acad
soiution &t L0 C under s current density of 12 ay
for 30 minutes. It is then anodised in the pyrogallel
bah (Example 1) at 80 and 90 wvolts at the
temperature for 20 minutes,

This improves the guality of finish.
are more smouil ana shining.

The following sre umong the main
of the invention:

1. Even baths containing cheaper or more
readily accessibie {in cur courtry) chemicals such
as boric acid, tartaric zeid and citric acid could pro-
duce deeper colourad coatings.

2. Since AC can also be used, the production is
high in AC because at both poles, snodising  takes
place, AC produces didferent tanes of red colours
All these bring down the cost of production of even
darker coloured coatings.

3. Modifications of the bath permit higher bath
voltages thers allowing the production of darker
coloured ano flims.

4. Only 4% of the costly sulphosalicylic acid is
used.

5. Current density is relatively lower (224
A'dm?) and current i to be regulated only during
first two minutes.

6. Since anodising is carried out at constant ball
voltage the current demsity falls of as anodising
proceeds.

7. Relalively shorter {ime of anodising (20-25
minutes) is employed. Yet, the films are capable of
withstanding wear, tear and corrosion.

8. Different bath voltages give differsnt coloured
coatings, Colour obtaincd by AC is different from
DC under the same conditions, Thus, choice of
colours is wider.

Samg

The coatinés

advantages

=
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COMPLETE SPECIFICATION.

CGUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH, Rarr

RECISTERED BODY JINCORPORATED UNDER

Jumior Scientific Assistant, both of the Central ElL
Indian citizens.

This inventien relates to an electrolytic process
for integral colour anedising of aluminium and itg
ailoys.

Hitherto it has been proposed tu adopt the follows
ing electrofyte]processes for integral colour ancidising
cf sluminium and its alloys:

i Owelic acid 4 sulphurie acid 4 Inhibiter (Deve~

loped .n Hungary)

THE REGISTRATION OF Socremes Acr (Act XXI or 1860},

The following specification particularly describes and ascertaing
manner in which it is 10 be perjormed.

This i5 an inventien by BALKUNIE ANANTMA SHENOI, Scienfist and

MAaRG, DeLmr-1, INDEI3, n  Inpian

the wature ©f 1his  invention and the

ARUMUGAM PALAMALAL ™~

cetrochemical Research Institute, Karaikudi-3, India, beoth

2. Sulphuric scid =~ an organic acid like oxalic,

malonie, lactic or malic acid + a salt of the

! organic (malnly oxalic acid) and a meta! of

groun IB. VIR cr VIII 5 the Periodic Tenle
(Freach Process)

3. Kalcolour,

Duranodic and Verexal Proccases
4,

5-Sulphosalicylic aeid + Formie acid + Hydro-
quinone (Autokolor FSH Tras- w-
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Thege processes are open to the cbjections as des-
cribed below:

The disadvantage of Process (1) is that the depth
of the colour cannot be increased beyond a limit. Thus,
oxide coatings similar to medium gray filmg are pro-
duced.

In Process (2), rather higher currcnt density in
the order of 1.3 to 6.5 A dm*® (the preferable range
being 5 to 52 Ajdm*) should be employed. In order
to maintain the current density specified above, ano-
disation in this bath consists of a progressive increase
of the applied electrical voltage from an initial value
of about 20V to as high a value as 250V for gsome
alloys of aluminium.  Hence, the bath geis heated
stezaily as znodising proceeds. So, cooling is necessary
in this bath to a considerable extmt.

All the three processes, employ baths coniaining
sulphuric acid (or alkali sulphate) along with aro-
matic sulphonic acid like sulphosalicylic or sulpho-
i ¢ neid and other addition, if any, e.g., maleic
acid in Veroxal process. These baths contain rather
higher concentrations of the costly sulphosalicylic
acid, for cxample:

Kalcolour  Frocess 7-15% sulphosalicylic  acid
Duranodic  Process 10% sulphosalicylic acid
Veraxal  Process 5% sulphosalicylic acid

plus maleic acid

Anodising i3 not done with AC to attain sufficient
depth of colour. A duration of 50-60 minutes is re-
guired. In certain cases, it is at leust 20-40 minutes.

Even though in Process (4), different shades of
vellow, red end brown colours can be obtained, they
are not sufficiently deep. We have made improve-
ments over this process. Praectically at the same
concentrations of chemicals, 1o get decper coloured
cowlings i Process(4), rather higher voltage should
be employed as compared to that in the new hath,
This point iz illustrated in the table in Example L.
Use of higher cell voltage to produce darker and
thicker coatings is limited in Process(4) by the pro-
duction of sparks. Thus, conly 40-80V can be em-
ployed here.

The object of the present invention is to obviate
these disadvantages by modifying the Process 4 far
integral colour anodising of aluminivm and its alloys,
wherzin 5-sulphosalicylic acid (1-89%), formie acid
(1-8%) and hydroquinone (0.5-29%) are used (Auto-
kolor HSH Process, Hungarizn: at 40100 volts AC
or DC. According to the present invention, there is
provided an electrolytic process for integral ecclour
anodisation of aluminium and i3 alloys comgrising
use of a bath centaining 1-75% wl|v sulphosalicylic
acid 1-10% wlv of a low molecular weighl organic
aliphatic acid such as formic, tartaric or citric acid
and 0.3 to 4% wiv of addition agenls like pyrogullol
¢r pyrocatechol or p-sminophenol or metol, or beric
acid und the rest heing watl r.

A combinaticn <f 1109 w!lv tartaric acid or citric
acid and 0.3 to 4% wiv of metol ig vsed to give black
anodic coatings. Anodizing is carriec out at a ccns-
ant voltage range from 50 to 130V for a period of
20 to 25 minutes at 30=%3°C,

The invented process involves the use of a lower
percentage of 5-sulphosalicylic acid compared to the
process known earlier. It is also discovered that
crgaric compounds such 2 pryrogallol, pyrocatechol.
p-aminophenol and metol gives deeper shades when
used instead of hyvdroquinome in the bath, In  the
cace of bath containing pvrogallol and pyrocetechol
te get deeper coloured coatings, initially the alu-
mirium alloy specimen should be anodised at a rela-
tiveiy higher voltage for at least three tu five minutes
The aperation is required tor a hath only once at the
Leginning and not for every specimen anodised in
that bhath.

Hydroquinone can also be replaced by the cheaper
toric acid to get slightly deeper coloured coatiﬁgs
wher DC is used and more shining coatings when
AC is employed.

*zvt;uyic acid or citric avid when used in the plice
ef‘iormxc'acid and metol is used instead of hydro-
quinone gives a black coloured anodic coatings on

aluminium and its alloys. All the above = described
compounds employed in the bath in place of hydro-
quinone permit the use of comparatively higher bath
voltages thus enabling to produce relatively darker
and thicker coatings.

The composition of the clectrolyte and the anodis-
ing conditions are as follows:

1.76% wv
1-10% w v

5.sulphosalicylic acidl

Formic, tartaric or ecitric acid
Pyrogzllol, pyrocatechol, p-amino-
phenv.. metol or boric acid

Rest Leing water

0.3-4% w'v

Anodiging conditions

Temperature 3033
Time 20-25 minttes
Buth voltagze (AC or DC) 50-134V
Current density 0.8-4 Adm*

Cathode Lead

Maxirnum anodic current density is reached arter
switching on. But within one or two minutes, it
falls to the above specified low value. Thus, voltage
or current is to be regulated only during frst . -0
minutes. Air agitation and cooling arrangements are
required. In AC, initial maximum current density
is lower than in the case of DC. Anodic current
density falls slowly to average value in the case of
AC.

The following typical Examples are given to illus-
trate the invention:

Example 1

Specimens of 3S aluminium alloy are etched (if
necessary), polisned (mechanically or better chemi-
cally or electrochemically) and degrensed with tri-
chlorethylene. They are then anodised in the follow-
ing electrolyte.

Compasition
5-sulphosateylic acid 4% wlv
Formic acid 1% w'e
Pyrogallol 1% wwv
Anodising conditions
Temperature 303°C
Time 20-25 minutes
Bath voltages (AC or DC) 50,60,70 and 80V
Tur-ent  density 0.8-4 A'dm®
Cathode Lead

In the beginning, a spccimen is anodised av 100 V
for fve minutes.

At different hath wvoltages, anodic coatings of differ-
ent shades of colours are produced. At each voltare,
the colcur obraired from this bath is deeper than from
the hath evaploved in the Autokolor HSE i

under  the same  concentr; tions of
This iz illustrated in the follaw'ng Tak!:

Yo

Voltage Coloers of anodic coating from baths contairing
DC e ey
Pyvrogillol Hydraquinone (Autokolor
HSH Process
S0V Yellowish green Feeble ye iow
50V Brown Yeilowish green
70V Chacolats Light brown
80V Dark Brown Brown

Under similar conditions, colcur obtained bv AC
ig ~ifferent froma DC. For example, the pyrogallol
bath produces at 70V(AC) red brown coaiing on the
38 allay iastead of the chacolate colour with DC.
Employing AC in this pyrogallol bath, different tones
of red coats s are produced.

In AC aleo, the coatings Trom pyrogallcl hath are
deeper than from hydroguinone bath (same concen-
traticns of chemicals). Same ftrend is observed
when 2S alloy and extruded aluminium like B51
SWP are anodised in the sabove said bath. 1% pyro-
gallol or p-aminophenol can play the same rcle as
pyrogailol. Addeg to this, they permit anodising at
even 90V without spark production.
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Example 2
5-sulphosalicylic acid 4% wlv
Formic acid 4% wiv
Metol 1% wiv
Rest water

Anodising conditions as given in Ex. 1.

In this bath, different shades of blackish brown
coatings are formed on 3S alloy and even at 120V,
there is no spark production. But being a darker
cclour, there is no appreciable distinction in the
shades ¢f coatings at different voltages.

Example 3

3S alloy is anodised in the following bath under
the same anodising conditions as in Example 1:

S-sulphosalicylic acid 4% wiv
Formic acid 4% wlv
Boric acid 2% wiv
Rest water

In this bath, slightly deeper coloured coatings are
croduced under identical voltages as compared 1o
the bath of the Autokolor HSH Process when DC is
issed.

Example 4

35 alloy is anodised in the following electrolyte:

G-sulphosalicylic acid 4% wiv
Tartaric or citric acid 4% wiv
Metol 1% wiv

Anodising conditions are ag in Exarnple 1.

Greyish black coatings are obtained. Distinetion
in colour at different voltages is not much. FEven
upto 110V, there is no spark production.

In this bath, instead of metcl, either hydroquinone
or pyrogallol or pyrocatechol produces only very
light grey coloured anodic films.

Example 5
Double anodising

1 38 alloy is first anodised in 15% sulphuric acid solu-

MGIP Sant,~SL~7 Patent/75—18-6+76—150,

tion at 20°C under a current Jdensity of 12 asf for 30
minutes. It i3 then anodised in the pyrogallol bath
(Example 1) at 80 and 90 volts at the same lempera-
ture for 20 minutes. This improves the quality of
finisl:. The coatings are more smooth and shining.

The following ave among the main advantages of
the invention:

1. Anodic ceating of a particular shade is pro-
duced 1n the new bathg at 1elatively lower bath
voltage (10-20V less) and ar lower electrical
power consumplion. Thus pUwer consump-
tion 1s reduced to soms ¢ unaer identival con-
centrations of ehemicals in the elecirolvte.

2. Certain formulations of the rew baths permit
higher bath voitages thereby allowing the preduc-
ton of stid darker and thicker anccic rims (as may
be required sometimes) even on commis
aluminivm and simple alioys Lke 23 aad 3%

3. One formulation of the new
cheaper borie ucid in iwice the amourt as I
quinene.  Yet, the elecirclyte is cheaprr ihan

o=

guinone is about £.5 tixes that of boric acid.

We claim:

1. An electrolytic process  for
enodizing of alu :nd ts aduls
tae use of o bhath con S 1770wy
aeid, 1-10% wiv of a ltow molecular woi
scid such as formie, | ic or ecitric ¢.3
to 4% wiv of addition sgents ike pyrogzilel  or
pyvrocatechol or peaminephencl or metol cr boric acid
and the rest being water.

2. The proe 21 in (1) wherein a com-
hination of -1 wiv fartavic acid or citric acid and
03 to 4% wiv metol is used to give bleck coloured

REFRRS$hY

&

R. BHASKAR PAX
Patrnts Dificer,

COUNCIL, OF SCIENTIFIC AND INDUSTRIAL
RESEARCH.

Dated this 26th day of Jumne 1972,



