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7 BLECTROLYTIC DEPOSITION " - . -_

(71) - We, ALCAN RESBARCH AND DE- States " Patent . No. 3,382,160 'and British -~
VELOPMENT LIMITED, (formerly ALUMINIUM Patent No.. 1,022927.. o i
LABORATORIES LIMITED,) 2 Company incor- In the known process the counter-clec-
porated. under the  laws -of the "Dominion trode may be 'a material, such as graphite, .
5 of Canada, of 1, Place Ville Marie, Mon-  which is inert to the electrolyte, or may be 50
treal, Quebec, Canada, do hereby declare a metal, which has a solution ‘potential more
" the .invention . for which we pray that a noble than aluminium and preferably is the
patent may be granted to us, and the method same metal as constitited by the selected
by ‘which it-is to be rformed, to be par- ioms in solution in.the'electrolyxte.-Fojr in-
10 ticularly described in and by the following _stance, where the bath electiolyte contains 55
© statement:— .0 o ~° " nickel dissolved therein, a nickel counter-
. The prcsent__inventi_on_,fel_ates to a pro- _electrode may. be very effectively employed,
“cess . for producing coloured. coatings on but with most of the other baths a graphite
aluminium, and more. particularly relates to electrode is preferred. . Lo
. 15 the production of inorganic-coloured coat- The known process produces in the an- 60
. ings_on aluminium articles. References 0 odic coating, a coloured deposit of an oxide
aluminium herein will be understood to . Of hydroxide. A variety of colours are ob-
- include . aluminiym of ordinary commercial tainable, including gold of other yellow
.. purity and alyminium-base alloys that are tones, various shades’ of red and brown,
20 suitable . for conventional anodising: treat- bronze and like deep ‘colours, including 63
-ments. The term aluminium article as used black by selection ‘of the salt and the inten-
herein is - intended to include. - semi-fabri- sity or duration of that treatinent. '
-cated. products, such as rolled aluminium . -In the known process certain difficulties . .
sheet- and: aluminium extruded. sections. have been experienced especially when the = ’

25 The present invention. relates to'a known treatment time or conditions are adjusted to 70

two-stage process for producing a coloured give darker shades, associated with a rela-

coating which"comprises,_fo_rming-' an anodic tively large or intense deposit in the anodic -
oxide coating on an aluminium article in a  oxide film. In particular there is an increased
first - stage and, in a second stage, develop-~ tendency to spalling, ie. local flaking of

30 ing a colour in the anodic oxide coating by the anodic oxide film, this effect being to 75
passing an alternating current ‘between such .produce colourless or pale local spots in the
aluminium article and a counter- electrode, coating, which may be of minute size but
while such aluminium article and electrode are nevertheless extremely objectionable.”

- are immersed in a bath that contains a dis- A chief object of the present invention is

35 solved compound of a selected metal in an to reduce the incidence of spalling and par- 80
aqueous acidic medium, Under these circum- ticularly to obtain the darker fones, that are
stances the anodic oxide coating on the alu-  achieved with ‘higher voltages Or Jonger

_minium article becomes coloured. More times Or both, with a reduction or avoid-

: particui_aﬂy, the invention is concerned with ance of deterioration of the coloured coat-

40 such process wherein the acidic bath-of the - ing by spjalling. R )
aliernating current treatment contains a With the dim.of inhibiting or avoiding
nickel, cobalt, copper, silver or lead salt or spalling a magnesium salt or, excebt in the
“an oxide of selenium, tellurium or manga- ‘case of a bath containing a nickel or cobalt
nese.or a salt of such oxide. = - ~ salt, an aluminium salt is introduced into

45 The known process is described in United the bath employed in the alternating current 90
[Price 25p) - = - . A S :.
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conpri ses BRRdag. e ithal Ppgheprofe@enr trolyte: contains' nickel” sulphdte -and by .

aré marke improved - acco: 10 the - SRS it ey oo TIC - .

20 invention: A PO g . e acid, tOWhIChmagHCSIHm may..be addedas N

invention by the maintenance of magnesium. ' magnesivm.sulphats or bordfo- Al gyes ae.

ions in solution or, in the case of a-copper- iy, magnesium -or aluminium -can-act a‘g"_ 85
containing bath, of aluminium- ions in at ¥ wr il v canactually. -

8 s othermisatimpiuble o5 will-bo/g9 Mt hod

least the amount indicated above. A special ;ﬁ;‘fﬁ;‘i ;;;erf,ar“f;dfgﬁ"fﬁ? cg:~ -
advantage of the present -invention. is: that *" coming' g’ corresponding: dissolved- :l'b A
25 one electrolyte can’ be employed:to provide ‘*“the “presence “of the -acidic "éo:xhtitﬁ's' fs m -
a-wide range of shades or tones, notably'up - the bath-": .- - . o constituents. of :90
fo the darkes; valucs, so thatthe process: - In general the amount of magnesium op -

has improved flexibilityin practice. More- - - aluminium

over .it has been noted in- the - nickel-con-

0 taining and-copper-containing solutions; and

35
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others, that.more .intensely- coloured “and
spall-free’ surfaces —are -obtainable: under
otherwise identical conditions. - -

As stated, the complete process of prod--

ucing ‘a. coloured. coating -on an aluiminum
surface involves first anodising :the ‘surface
in conventional manner to produée an ano-
dic oxide coating, e,g. of a type customarily
applied for protective or like purposes.- The

anodising step is preferably a conventional :

direct current anodising. in sulphuric acid
under conditions selected to provide a rather

porous .coating, such as anodisation for 20- -

60 minutes in 15% (by weight) sulphuric

dissolved in the bath should - be - -

-sufficiént o' provide 'significant- ishibiton of

"“spaling, -i:¢’ to " avoid or ‘reduce: ‘the . oecur--
- rence’ of mfnu'té-‘--'spo_tsf-or ﬂaké‘c_l’édﬁ---a’reas;?s
the ‘coloured -

or like “spots-or defepts “in

product, e.g; ‘in the ‘datker-or ‘very dark-

tones; obtamable’ with the selected metal.:- .

Although  such spalingtis

- oftén’ represented -

100

by colourless-or pale ‘spots; it Hiay-some- -

tone due‘to preferential flow of currer
* ‘the. spalled .area; In ‘g of current to
parts- per-million- by

- good ‘results and indeed preferably -at least

_times‘oceur otherwise; as for instance wheré-: -
- o DLIVTWISE, as for ] where -
, flakitig -near--the -‘ontset -of -the alternating- " -
;- current- treatment:leads to.a° more: intense + °

105

"‘ggpgcl-'ffl 'fat least: 100" - -
_ r-million weight of magnesium:
or aluminium ions” should be -pregglt 1;(1)1:

45 acid .at 15°-25°C. The operating conditions- 2 grams ‘per litre of miome s At
of the anodising. step do not -appear .to be mxig'lr - salt,pe e.gl.%r:u](g n%g,gnﬁﬁlr‘;;‘;p‘;;fm“m‘?; 110
very critical, however, being selected largely  about 200 “parts per- million by weig hgt £
to suit the thickness and other character- magnesium of - aluminiam -ions --Mos%- o
istics of anodic coating desired; the subse~ - ferably the magnesium or slumnium’ cﬁﬁ. o

50 quent colouring step may be applied satis- pound is added in amount 1o - provide at 115
factorily through a considerable range of = Jeast 1000 parts per ‘million by weight of -

35

60

65

thicknesses of porous anodic aluminium

a.c. colouring stage the selected magnesium
or aluminium salt (or other compound which
becomes dissolved). is. preferably added ‘in
substantial. excess of the amount required
to intreduce 100 ‘parts’ per million of mag-
nesium- or aluminium. jons so as.to accom-

-modate. slow - but continuing depletion of

such ions as the bath is repeatedly used,
ie. to avoid need for frequent replenish-

ment of the Mg confent. |
Numerous examples of suitable baths for

Mg or ‘Al ions as

‘rapid depletion. Eveni: considerably - greater

for example 10 16 25 -

oxide coatings. . . . gams per litc of MgSOHO o .
In the bath employed in the subsequent - Als(soi)é-"li;HgO,"-.eépeciauy' tgg&i‘f‘;}‘gl{aghdu?; R

120

amounts “up t6 40 grains ‘per litre of mag- "

. ‘mesium -Or aluminium salt. (4000 parts ‘per

million by weight- Mg or Al)-ions “have. -

shownno adverse effect, -so that-the ‘upper- -

limit appears primarily -economic, -

The exact effect of adding‘f_ magnesiuni or .’

125

aluminium salts to -the- eléctro Iyte ‘is- not:

known. However

.the resistance of the anodic. aluminium

rowever a possible explandtion -4
that spalling is due to local di!i)ferenées"}l;_

130
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8. A nmethod of producing on an
mnium surface a .

P . HE
(-avapavy

STEVENS,  Ispalling Fayier

A iy s of the coating i
A i 5 8 GO i o
ress Lt d.incofjratibic lof mpenesiyt gﬂun}_l
Sout hanmt onlpBalf ingpmeleciroli | &ﬁ%
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296 &P Pk b bived . oxiBe< O£ Rydrodid-
produci ng A 'él 'B&Bﬂ@i‘lfhéianggilc oxid_emrﬁlm; ‘and -

that 'such-deposition -increases-the thickness-

of electrically résistant :oxide at the bottom.

cause'af spalling:and permitting
15 opment: of darker':eolou'fs:'therein.--Staitéd in
another way, this hypothesis. is that mag- -
nesium: -or. aluminium: oxide is coprecipi~ -
tated -with:the coloured :oxide or hydroxXide
to provide:d more electrically-resistant - de-

20 posit; The relatively" larger flow of current -

during that. part-of the a.c. .cycle-when the
anodised -article is the cathode. is believed -
to result-in -depletion - of hydrogen
the base of the pores, ‘causing 1
25 i pH (greater -alkalinity):
the desired. precipitation’
or hydroxide, and-in the:
of magnesium o1 aluminium oxide as well.
The precipitation ‘of aluminium hydroxide
30 from solutions of aluminium salts commen- -
ces at about:pHS,. whereas nickel and cobalt:
‘hydioxides: do not commence:to precipitate -
until the :pH ‘value tises to about-7 and thus
aluminium . hydroxide . precipitates preferen-
tially and the colouring effect of nickel and
cobalt electrolytes is masked by the presence
in the eleotrolyte of an aluminium salt in
more than, -trivial ~amount. However, - the
beneficial effects of this invention have been
-abundantly -demonstrated -and if is not to
be understood as dependent on the above’
or any other theories. :
Referring to the following specific ex-
amples of the method of the invention, alu-
minium articles were first anodised by con-
ventional anodic treatment with direct cur-
rent, ¢.g. for periods upwards of 20 minutes
in a-15% (by ‘weight) aqueous sulphuric acid
- solution at a temperature In the range of
50:20°C. to 25°C., conveniently 21°C. It will
be understood that other strengths of acid
solution, or indeed solutions of other acids
and likewise -other modifications of condi-
‘tion as to suit the protective or like require-
55°ments of the: coating may be employed.
Conveniently operation with 4 current den-’
sity of about 15 amperes per square foot
(1.3 amperes per square decimeter). of work -
surface 'is Vvery . satisfactory, -for a time
60 selected to yield a-desired film thickness, '
normally
or more.

and:

35

45

As will be understood, the ano-

dised aluminium is‘then rinsed before intro-

duction into-the colouring bath. Ii general,
65-iihe alternating current is passed between the

‘stronger -or very

ions at -
ocalised rise -
consequently. -
of the metal oxide *.-
present “process, -

_at 15 volts produced

from 0.4 to 1.0 mil (10-25 microns)

 amounts of 5 to

Olt  Blhter-cicd:S
20 @d1fs Sorfactimen -

2o

HewlAlintiesiug @10 GE1a miiytesd * Pat ent

sometimes - with-

tpgel 5

iRk of M@ tiat et on@leci

trick1 @BAdMuing Horciogtines; lightisr S

. drhepréstucdd VIO H atively -prief, :
-with:- lower - -‘vgggls-, . wher 'a's:-.'aa '@EP
: _.colours require a -
“longer -timé Or greater -electrical values.: -
of the -'pores’-,s-'-thu'sf..-r_emdving' .the ‘postulated - -~ ' ST
) ing ‘the -devel-- - -
- Aluminium
1159 *sulphuric -acid in conventional manner -
then subjected to the.
_alterniating current treatment,’ with a coun-:. "~
‘ter-electrode - of met
(adjusted to pH 4.0 to 4.5) having the fol-
“Jowing composition: :

dark

1 -

EXAMPLE
first. anodised in

sheets -were
and-after rinsing-were

allic ' nick

25 gpd -

 NiSO,THO: -
Mg80,:7TH,0: 20 gpl
- H,BO; 25 gpl -
NH)S0; - 15 gpl:
The anodised aluminium sheets were re-

spectively treated for . different times and
under-differént  voltages. in- this ‘bath, yield-
ing a:range-of colours from light bronze fo
very dark bronze or nearly black. In these

mg&%“?é%@%%ﬁ%ﬁ%%@ﬁda. .

ce. 25
bt ai ned.
gs of

80

el in a bath

85.:.

. 90 e

95

and in other examples herein, -the coloured " -

anodised sheets - were .preferably ‘subjected
to conventional sealing treatment, for .ex-
ample by immersion- i

treatment of anodised aluminium sheets in
the stated bath for 5 minutes produced light
and medium bronze tones at voltages of 10
and 12 respectively, treatment for 5 minutes
a dark bronze colour-
ing. A very dark bronze colour was prod-
uced by treatment for 5 minutes at 13 volts,
followed by S5 minutes more at 17 volts.

1100~

in very hot or boiling -
~water, for usual purposes. Whereas the a.C.

110

For comparison, operation of such bath °

without the magnesium sulphate occasioned
spalling difficulty in endeavours to produce

the dark bronze and especially the very dark -

bronze colour.

EXAMPLE 2

- Anodised aluminium sheets,
jected to alternating current in baths con-
taining copper sulphate and sulphuric acid
in aqueous solution having a pH of about
1.3, and containing magnesium_ sulphate ad-
dition of about 20 grams per litre yielded
a range of coloured coatings, including pink,
light maroon, dark maroon and black, de-

pending on voltage and treatment time. Cop- -
" ‘per sulphate (CuSO,.5H,0) . was used, for -
in various concentrations from 25
litre, and sulphuric acid in

example,
to 50 grams per
6 grams per :litre. As one

115

when sub; :

120

125°

130 ¢
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O ke prrandie oos 2 e o bR fehe barh,

esi umsacet ate copigijpraf;the bath wedkd mignesboma Mot ealipdd 1o Clai m
I, in 65 20 MepkinenilmbunbALhies vh Hser r LIEhY PR ijeh e, e pl

i FiATROd fat Ui minies S LsubS Tt will be understood that, a8 in Exampie
which a mgfg‘ggad, ‘with: a. nickel .counter-electrode, in - 2, treatment -at lower voltages and_/or-"sh(;;t, e

an aqueous bath of 2.5% boric: acid -con- .- er ‘times result in lighter Colours, e.g, rang. . - .
20 taining 4.0% nicke! “ammoniuym sulphate  ing -through: pink; Light maroon ‘and dark 88 v
and 3.5% magnesium sulphate at a- pH of - maroon.. In .practice, the content of copper.
4.5. With the bath at room temperature al- salt can be .selected - over a considerable. -
ternating current was passed. for 10.'min- - falge, ¢.g.:up.t0-50 grams per litre, the acid : -
utes at 15 volts. The produet was. sealed in being added..as required to ‘obtain a pre- .. -
25 boiling water far about 30 minutes. and had ferred.pH. and the aluminium sulphate be- 99 - -
a very dark brown colour, free of Coating  ing included.in amounts, for .example; from .

defects.. 2 t0-30,grams. per litre or more,

EXAMPLE 4 oo EXAMPLE .7 .. .. L
30  An aluminjum sheet, anodised as in BEx- .. Aluminiym. sheet was first anodised and 98 :°
ample .3, was treated under the same con- then. subjected  to' the -alternating ' current
ditions, except. for -the .use of- a_graphite - treatment as: in. Example 6, except that the -
counter-electrode and the use bf. 2.5%.mag- - bath for the: latter  contained a -silver - salt. .
~_ Dhesium sulphate .in the electrolyte. After and had the following: conposition : Lo
35 passage of the - alternating <current for-13 . .. CoE e 108 -
minutes at a potential of about .16 volts, = AgNQ; - 10.gpd.. . .
and -sealing as-before, -the aluminium sheet . " Al(SOQ,. 18H,0 ... 20 - gpl- -
was found fo have an anodic oxide coating - - . HSQ; -, To ‘provide pH 0.7
characterised by a uniform black colour. .- Tt S

. EXAMPLE 5 utes:at 10 volts produced a ‘coating of unj. -
" Aluminium sheets were first anodised by form, golden brown colour, free of defects, -
conventional treatment as indicated in Bx- . S S T o
ample 3 and then subjected to the alternat- - o, EXAMPLE 8 = ..
45 -ing current treafment, with a graphite coun- -  Aluminium’ sheet. was first anodised and ‘110
- . ter-electrode, in a bath containing from 25 then- subjected 1o:the ‘alternating treatment -
to 30 grams per litre of lead acetate, 20 to as in Example 6, except that the ‘bath con- -
. 25 grams per litre of acetic acid and 20 _tained. selenium and had the f6llowing com-
grams per litre. of . maghesium acetate position: - S T T T
50 (Mg[CH,0,1,.4H,0) at 13 volts for about 5 -

40 - Passage of éii:érnating. current for 3 min- |gs§ -

minutes. A uniform black coating was pro- - Na;Se0,.5H,0 “Sgpl. . -
duced, whereas similar treatment without . .Al(80,),.18H,0 20gpl.. - ..
the addition of a' magnesium salt tended to - HS0, ' - To provide pH 1.1 -

result in some spalling or like difficulty.: . . R T
I e D - Passage of alternating current for 10 min-- 120- .
- EXAMPLE 6 - . .- utes at' 15 volts produced a coating of uni- - - -
Aluminium sheets were first anodised in - form gold colour, free of defects, The colonr. -

the conventional 15% (by weight) sulphuric - was- significantly more intense than was ob:".

. acid solution for 30 minutes to a film thick- - tainable by exactly the same treatment with- P

60"ness -of 0.6 mil (15 microns), and after rins- out the aluminjum’ sulphate addition to the 125

" ing were thén subjected- to the alternating - bath, - - A A A
current treatment, with a counter-electrode R S o

of graphite:in a copper-containing bath (ad- - = - - EXAMPLE 9...;. - .

iusted to. pH. about 1.3). having the follow- Aluminium sheet” was first ano

; . modised and. -
65 ing composition': - -  then subjected to- the alternating treatment 130 . -

55




coating was produced, free from spalling included in the bath in an
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20 replaced by (ACHO:)). A uniform black
coating was produced, free from spalling
defects. . o

The addition of magnesium salt, usually
2 to 30 grams per litre magnesium sulphate,

95 have been found beneficial in the cage where

the treatment baths contained respectively

2.5 grams per litre selenium oxide (Se0y) in

40 The addition of aluminium salt or mag-
nesium salt, e.g. sulphate in the amount of
2-30 grams per litre to 2 treatment bath
containing potassium permanganate, acidi-
fied to about pH 1.2 is also beneficial. Treat-
ment is carried out at about 13 volts for a

45
period of about 10 minutes.

which a magnesium or aluminium salt is
included in the bath in an amount of at
"least 2 grams per litre. .

3. A method according to Claim 1 or 2,
in which said bath contains nickel sulphate,
boric acid and magnesium sulphate.

4. A method according to Claim 3 in
which the bath further includes ammonium

8. A method of producing on an “alu-

70

minium surface a coloured anodic oxide

substantially free from spalling substantially
as herein described.
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. Passage of alternating current for 10 min-
10" utes at 15 volts produced a coating of uni-
form green gold colour, free of defects.

EXAMPLE 10

Aluminium sheets were first anodised by
15 conventional treatment as indicated in other
examples, and then subjected to.the alter-
pating current treatment under the same
conditions as in Example 5 except that the
- magnesium acetate content of the bath was
20 replaced by (AI[CH;O,}). A uniform black
coating was produced, free from spalling

defects. '
The addition of magnesium salt, usually
2 to 30 grams per litre magnesium sulphate,
95 have been found beneficial in the case where
the treatment baths contained respectively
2.5 grams per litre selenium oxide (SeO;) in
aqueous sulphuric acid at pH 0.8, one gram
per litre sodium tellurite (Na,TeQ;) in aque-
30 ous sulphuric acid at pH 0.6 and one gram

per litre silver nitrate (AgNO;) in aqueous.

sulphuric acid at pH 1.2. Treatment in these
baths respectively resulted in a reddish gold,
dark gold and yellow-green colour in the

35 anodic oxide coating.

Useful results were also obtained when
20 grams per litre of cobalt sulphate was
used ‘to replace nickel sulphate in the treat-
ment bath of Example 1.

40 The addition of aluminium salt or mag-
nesium salt, e.g. sulphate in the amount of
2-30 grams per litre to a treatment bath
containing potassium permanganate, acidi-
fied to about pH 1.2 is also beneficial. Treat-

45 ment is carried out at about 13 volts for a
period of about 10 minutes.
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electrode in an aqueous a con-
taining a nickel, cobalt, copper, silver or 55
lead- salt or an oxide of selenium, tellurium

or manganese or salt of such oxide char-
acterised in that the acidic bath includes a
magnesium salt or (except where the bath - .
includes a nickel or cobalt salf) an alu- 60 -
minium salt in an amount sufficient to pro-
vide at least 100 parts per million by
weight of magnesium or aluminium ions in

the bath.

2. A method according to Claim 1, in 65
which a magnesium or aluminium salt is
included in the bath in an amount of at
least 2 grams per litre. .

3. A method according to Claim 1 or 2,
in which said bath contains nickel sulphate, 70
boric ‘acid and magnesium sulphate.

4, A method according to Claim 3 in
which the bath further includes ammonium
sulphate.

5. A method according to Claim 3 or 4, 75
in which MgS0,.7H,0 is added to the bath
in an amount of at least 10 grams per litre.

6. A method according to Claim 1 or 2,
in which said bath contains copper sulphate,
sulphuric acid and magnesium sulphate or 80
aluminium sulphate.

7.. A method according to Claim 6,
which comprises adding MgSO.7H:O or
Al(SO):.18H;O to the bath in an amount
of at least 10 grams per litre. - 85

8. A method of producing on an alu-
minium surface a coloured anodic oxide .
substantially free from spalling substantially
as herein described.
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