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This invention reletes to improvements in or relatingto
ahodising aluyminijum and its alloys using sltarnating current

in sulphuric acid elactrolyte.

Hitherto it hass been proposed to use alternsting current
only for anodising of aluminium uwideg feor small thicknesses of
the order of S microns at low current densitidés, Altaernating
current anodising is only of théoretical intarest and not
commercially practised for architsctural, hard snd continuous
anodising,

The draubacks encountered in znodising aluminium and itg
alloyl.usinq alternating current ars as follousg

<& During anodising aluminium and its alloys in sulphuric aecid
electrolyte using alternating current, electrolysis of vater
takes place fo;;ouod by reduction of sulphuric acid and
d.position of sulphur and sulphur campounds inside the pores aof
the oxide film. The aluminium oxide film ?o:med by alt%batiﬂg
current anodising is brown or yellow due to t he presence of
sulphur or sulphur compounds in the oxide film, Mor eover,
when constant current densities in excess o 2.0 A/dm2 sre used
the volkage risa becomss excessive resulting in straaking_
qﬁ§“p4t€#ng anﬁ oxide film above 12 micronizhickneSs‘could not
héilt.up. The enodised aluminium ailoy in sulphuriczc -seid
;luctfﬁiyto-éith-altornating current when dyed in drggnic dyas
and Sealed. the natural colour is changed and it is 1m§o;sihle.
-ﬁ;-?ﬁﬁiigt:!8!¢§¥¥;uha£-thad§ g;l; Saipr?guced;
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523 aluminjum alloy plate containing magnesium was polished,
dagreased and cleared as in Example 1 and anodised in S0%
sulphuric acid containing 5% sodium tartrate using alternating
currant for 30 minutes at 1,6 A/dm current density., Anadising
was carried out at 2D°C. There was no smell of hydrogen
sulphide and when the anodised plstes were dipped in lsead
acetate solution remained unalterad. The oxide Pilm uas a}mut
10 micron and dye accsptance of the oxide layer was quite good.

EXAMPLE 7

Very often to get harder films at roomt emparature , sulphuric
acid and oxalic acids are used. Even here when alternating
asrrent is used, thers will be sulnhur formation, But we have
found by adding any one of our addition agents as mantioned in
this specification, it is possibl= to avoid sulphur formation,

The following axample is given to illustrate the avoidance of
sulphur formation:

Polished, degreased and cleaned 25 aluminium alooy plate vas
anodised in 7% sulphuric acid, 3% oxalic acid 5% sodium
SUlphate‘at a current density of 2.5 A/dmzw The temperaturs was
around 35§ C. Voltagé used was 15, Alternating current was
used for anodising, After 30 minutes, the plate was removed
and testad for sulphur content in the oxide film, Practically,
there was neither the smell of hydrogen sulphide nor brown
colour fFormation when dipped in le ad acetate solution,

The follouing are amang the main advantages of t e inventions

) This process of dlternsting current anodising in modified
sulphuric acid elactrolyte offers the ppportunity of
amodising in a tank of elactrolyte with no cathode plates
or other sncumberances. Agitation is effected by pumping
and recirculating, the elactrolyte through a heat exchahger
for cooling. Since the entire volume of the alactrolyte
can be offectively utilised for anodising more area of the
Qork cah be processed vith maximum current loading.

2, This modified sulphuric acid bath uhen used for anodising
aluminium and its alloys using alternating current,
there will bs no burning due to high current densities,
Further, the work can be processed guickly or more work
can be processed by ensuring complete currant utilisation
and optimum loading,
: 5.
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The cost of elictrical equipment for aitaernating current
anodising is much cheaper than direct current since what

is required is only a step-doun trangfgrmer and voltage

regul ator,

Alloys which are normally ragarded ss difficult-to~anodise
(i.e, high copper and silicon wrought slloys and castings)
can be esasily processed, because of the tandency o’ alter=-
nating current tor educe the change o* burning at high

curraent density and voltages.

Owning to the natural cleaning action of alternating current
when largé yvolumes of'hydrngaﬂ and oxygan are alternatively
evolved, t ha chemical pretreatement of the aluminium alloys

containing copper and silicon can ba minimised to awid the

revelation of metallurgical defects.

‘Dated this 1l4th day of January, 19757

Sd/-

ASSISTANTS PATENTS OFFICER, .
Council 6Ff Scientific & Industrial Ressarch,
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THE PATENTS ACT, 1970

COMPLETE SrECIFLCATION

SECT1UN 10.

"Improvements in or relating to anodising aluminium

and its alloys using alternating current in sulphuric
acid elsctrolyte®

Counclil of Scientific & Industrial Research, Rafi
Marg, New Delhi-1, India, an Indian registered body
Incorporated under the Registraticn of Societies ict
(Act XXI of 1860).

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 Balkunje anantha Shenoi, Sc;ont;st,
‘Venkataraman Balasubramanian; Senior Sclentific Assistant and
Subbiah John, Senior Technical Assistant, &ll of the Central
Electrochemical Research Institute, Karaikudi-6, Tamil Nadu,
India and all are Indian Nationals.
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This invention relates to improvements in or relatixg
to anodising aluminfum and its alloys using altsrnating wrrent
in sulphuric acid alectrolyte.

Higherto it has been proposed to use alternating current
only for anodising of aluminium wire to a thickness of the order
S microns at low current densities; Anodising with alternating
current is only of theoritical interest and not commercially
practised for decorative, arthitectural, hard and confinuoua
anodising,

The draubacks encountered in anodising aluminium and its
alloys using alternating current are as follous:

During amodising aluminium and its alleys in sulphuric
acid electrolyte using alternating current, electrolysis of
wvater takes place followed by reduction of sulphuric acid and

deposition of sulphur and its compounds inside the pore of the

oxide film,

The presence of sulphur and its compounds inside the
porss of t he oxide film imparts brlouwn or yellow colour to the
oxide film causing unpredictable colour changs when dyed in

orgenic dyes and sealed.When alternating current is used for
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anodising, éumnt densities in excess of 2.0A/dm2 result s
in streaking ani pitting and oxide film sbove 12 micron thick-
negss can not be byilt up.

The main object of the 1nvention is to obviate these
disadvantages encountered in anodising aluminium and its alloys
containing silicon, copper or Magnesium with alternating current
using the modifled sulphwic acid electrolyte of the present
invention,

The main fiﬁding underlying the invent ion broadly cone
sists in anodising sluminium and it s alloys in § to 508 W/V
oloctrolyte commrising any ore of the additives such as alkali
wetal sulphates, oxalates,nitrates, citrates, tartrates and

of 10 to 30 volts and
borates in the range of 0. 5 to 10%. The woltages of the ardep/

Lecurrent dess
Lof 1.5A/am< to 6. hA/dm range were used.The temperature of ano-

dising 1s kept be ween 1t°C to 30 C.

The new results flowing from the new finding are ag
followss

The additive compounds mentionsd in this specification
when a dded to sulphuric acid electrolyte, the basic nechlnisl_.
of electrolysis is shifted back in favour of the electrolysis
of water rather than the reduction of sulphuric acid, Hence
there is no deposition of sulphur and its campounds inside
the pores o t! oxide film.This 1s tested by the following
methods: (1) There 1s no smell of sulphurated hydrogen over
the A.C. anodised aluminium plates immediately after anodising
indicates the absence of reduction of stﬂphurié acid (2) The
snodised plates were dipped in lead acetate solution to observe
eblour change. The absence of yellow ar brown colour on the
oxide film clearly indicate the absence of sulphur and its
compounds inside the pores of the oxide film.

- 9-



it vas alsc found that the anodiging can be carri~d
out. at high currert densities of the order of k.fA/dm2
vithout pitting or streaking in the modified sulphuric acid
bath employing alternating current and thickeness or the
order € 30 mi rong are obtained in 30 minutes.The addi-
tive compounds mentiored in this specification when added
to sulphuric acid anodising bath, the ancd 1sing alternating
current voltage 1s brought down substantially thereby saving
pover consumption and this is éhovn in Fig. 1 of the accom-
panying drawings.

The prnesent invention confists in anodising aluminium
and its alloys with Magnesium, copper and silicon in a
‘box' of electrolyte with no cathode plates or other encume
trances. Since high current denisites can be employed in
the pesent anodising bath without the chances of burning
and streaking either the work can be processed faster or more
work can be pmcessed.

The present imwention concists of a process for ano-
disi ng aluminium and its alloys using altlernat ing current
in sulphuric acid electrolyte which comprises polishing
(electro polishing, chemical polishing or ﬁecahhieal polish-
ing), degreasing, cleaning and anodising aluminium and its
alloys in the modified sulphuric acid electrolyte using
alternating current.The anodised aluminium is dyed with
organic or inorganic dye solution and finally hot water or
steam sealed. The process sequence 1is given in Fig. 2 of the
accompanying drawing.

The following typical examples are given to illustrate
t& irnwention and not to limit the scope of the invention.

EXAMPLE ]

Chemic ally polished and degreased 28 a luminium allo§

‘plate 5 cm x 2.5 cm (99¥ aluminium) was cle'aned in 10%€ sodium
hydroxide and washed in water. This was followed by acid

cleaning in 10% nitric acid for desmutting. The specimens
were washed 'in tap water and rinsed in distilled or deionised
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vater, Anodising was carried out with these specimens in 10%
sulphuric acid electrolyte containing 4% sodium nitrate with
alternating current at 6,h A/dm2 current density, The ano-
dising bgth tempe rature was maintained at 20001 2°C. The
specimens were anodised for half an hour and lafer, it was
washed in tap water followed by distilled water. One speci-
men was dyed in 2% anodol golden yellow dye and ‘he other
was dipped 1n dilute lead acetate solution., The specimen dipped
in lead acetate solution did not change colour showing the
absence of sulphur. The other smcimen dipped in the dye
solution was dyed well ard dye absorpition was found to be
good by visual observation. There were no streaking or
pitting on the anodised plates due to high current density.
The oxide layer thickness was found to be 25 mi rons by
stripping method.
EXMPLE 2

3S aluminium alloy plate was nechanically polished,
degreased and cleaned as in Example 1 and anacdised ina
electrolyte comprising 15% sulphuric acid and 3% potass wm
sulphate at a current density of 2.8 A/dmz employing alten~
nating current at 22°C for one hour. The anodised plates
were not coloured yellow and vhen dipped in lsad acetate
no brown colour wag obtained indicating the absence of
'sulphur com‘)oxmds. The anodising bath voltage was 20. The
dye intake onthe oxide film was good. The thickness of the
oxide iayer was found to be 30 microns by stripping method.

EXAMPLE 3

51 SWP aluminium 4l loy exiruded vire containing _5/8‘
Mg and 1% Si was anodised in 20% sulphuric acid electrolyte
containing 6% sodium oxalate after cleaning the alloy as
mentioned in Ex. 1. A cur_‘rent.density of 3.3 A/chz vas

- 11 -



140695
oebloyed using altermting current and the specimens
'were anodised for 30 minutes ~t 20°C. The oxide fiilm
*hickness wag found to be 15 wicrons by siripping method,
1t gave negative result with lead acetate solution shaw -
'ing the absencs of swlphur. The dye intake of the oxide
f1lm was good.
EXARPLE - 4

268 (#.25% copper rest alwiniwm ( aluminium alloy
plate was mechanically polished, degreased and cleaned in
108 sodium hydroxiie and anodised 1in 15% sulphuric acid
electrolyte containing 5% sodium citrate using alternating
current at L A/dmz. Anodising for half an hour was carried
out at 20° C.. The oxide layer thickness was found to be
18 microns. The anodised sample was tested for sulphur in
lead acetate solution and found to be absent, The sample
vas dyed to see the dye absorbing property ad found to be
all right.

EXAMPLE 9§

28 aluminium alloy plate was electropolished, de-
gressed and cleaned and anodised in 15% sulphuric acid
electrolyte with 4% sociium tetraborate using alternating
current at 2.5 A/dm® and at 20° C. After 30 winutes, the
plates vere removed and t ested for sulphur by dipping in
the lead acetate solution. The thickness of the oxide |
tih wasg fourd to be 11 microns. There was no yslllow or
brown colour showing the absence of sulphur. There were
no streaking a pitting on the plates and were uniforwly
snodised. -
| EXAMPLE -6

528 aluninium alloy plate containing magnesium was
pclished, degreased and cleaned as in Ex.l and anodised
in 50% sulphuric acid containing 5% sodium tartrate using
alternating current for 30 minutes at 1.6 A/dm2 current density.

- 12 -
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Anodising was carried out at 15° €, There w2s no smell of
hydrogen sulphide and when the anodised plates wers dipped
in lead acetate solution rema-'ned unaltered. The orxide
f1lm was about 7 micron and dye acceptance of the oxide
layer was Quite goad.

EXAMPLE 7

Very nften to get harder films at room temperstu re,
sulphuric acid and oxalic acids are used as eleectrolyte in
cowentional anodising. When alternat ing current is used
for harder films in the sbove elactrolyte, sulphur snd its
compounds will get deposited imside the pores ef the oiide
film, But we have found by add ing any om of our addition
agents as mentioned in this speeification, it fs possible
to awid the formation of sulphwr and its compounds in the
pores of the oxide flim, The following exasple is given to
111lust rate the aboldance of the P rmation of sulphur and its
compounds,

Mechanically polished, degreased and cleaned 28 alu-
minium alloy plates was anodised in 7% sulphurié acid, 3%
oxalic acid 5% sodium sulphate. at a current density of 25 A[/m"2
using alternat ing current. The temperature was around 30° c.
Voltage was 15. After 30 mimutes, the plate was removed an:
tested for sulphur content in the oxide film. Practically,
there was neither the smell of hydrogen sulphide nor brown
colour formation when dipped in lead acetate solution.

The following are among the m in advantages of the
inventiont
1, This process of alternating current anodising in
modified sulphuric acid electrolyte offers the opportunity
of anodising in a tank of elactrolyte with no cathode plates

\OF other sccessories. Agitation is effected by pumping and
recirculating, t he electrolyte through a lat exchanger for
 eo0oling. Since the atire volume of the electrolyte can de
effectively utilised for anodising more area of the work can
be processed with maximum current loading.

-13 -
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2. This modified sulphuric acid bath when used for am-
dising aluminium and its alloys using alternat ing current,
there will be no burning due to high current densities, and
hence the work can bs processed gickly or more work can be
processed.

3. The cost of electrical‘equipment for alternating current
anodising is much cheaper than direet current since what is
required is only a step-down transformer and voltage regula-
tor,

4. Alloys which are normally regarded as difficult-to-
anodise (i.e. high copper and zilicon wrought alloys and
cast ings) can be easily prumssed, because of the tendency
_of alternating current to reduce the  chance of buming at
high currest density and voltages.

5. Due to the natural cleaning action of alternating
current when large volumes of hydrogen and oxygen are alter-
aatively evolved on the aluminium surface, the chemic al
cleaning of the aluminium alloys containing copper and
eilicon cam be minimised #m avold the preferential etchirg

of the surface.

WE _CLAIM
1. A process for anodising alupinium and its alloys
containing ¢ pper, magnesium or silicon using alternat ing
current in sulphuric acid electrolyte which congists in
the aluminum and its allloys .
polishing, degreasing, cleaning and anodising/ in 5-50% w/w
sulphuric acid electrolyte cpnta.ining additive agents such
as alkall metal sulphates, oxalates, nit rateé, citrates,
tartrates and borates in the range of 0.5 to 10%, dyed with
organic or inorganic pigments and finally hot water or stesm
sealed.
-~ 1% -
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2, A process as claimed in claim 1 wherein the operat-

ing mpemture of the anodising bath mixgas from 15° C to
30° c.

3. A process as claimd in claim 1 and 2 wherein the
current density is in t.hé range of 1.5A/dn2 to G.M/cha

while the operating voltage ranges from 10V to 30V,

Dated this 16th day of January, 1976.

8d/-
ASST. PATENTS OFFICER
COUNCIL OF SCIENTIFIC AND
INDUSTRIAL RESEARCH, NEW DELHI
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