METHOD OF | MPARTI NG BLUE COLOUR TO ALUM NIUM This invention relates to a
met hod for i'nparting a blue colour to alum nium whether substantially pure
alumniumor an alumniumalloy (hereinafter referred to collectively as .
"al umi niunt'). Heretofore, as neans to inpart- blue colour to al uni ni um which "
has undergone the treatnent for formation of an anodic oxide film several
nmet hods centering around the el ectrolytic col ouring process have been known
and the nethod of col METHOD 0§ IMPRRYING BLURBJCOLOURAMOC ALWMINIUM and

ot her nmethods using dyes have been known as well. In these conventi onal
techni ques, however, the electrolytic colouring process produces clear blue
colour only with difficult. On the other hand, the nmethod of coloration by
i mrer si on usi ng an TR gepventbepouriatesr &0l 8 meshgds ferndnpantding tae

col ouring substance used-therein does not easjl erneate tQ.the depth of
m cropores of t %n‘iﬁi’r%“’éx?‘aea*w‘ﬁf‘iﬁf“chwpﬁtpﬁ ngP?ﬁ'r j-PSr]'tYhé"""'-’43

di scoloration of, the freated al um nium and.the ntam nati on of. the th in
the after trexuqﬁﬁﬂin#?mi%raﬁgoagﬁP#PEHFta&%°§b§§?ﬁ°&%?%%ﬁra%ﬁﬁﬁﬁr arP of
time the inpartaty,0 e_col our of sihred density to the anodi c oxide
film produced tég%%ékégﬁéiit?%na?fﬁﬁ?ﬁégg %y the nethod of dyeing, it is
difficult to attal ngdWiabEErEPC! Q6 4mbQMs to impart blue colour to

aluminium which has undexrgone the treatment for

formation of an anodic oxide film, several methods

centering around the electrolytic colouring process have
been known and the method of coloration by immersion
using inorganic compounds and other méthods using dyesn
have 5een known as well.

In these conventional techniques; however, the
electrolytic colouring process produces clear blue
colour only with difficult. On the other hand, the
method of coloration by immersion using an inorganic
compound eniraiis the disadvnatge that éhe colouring
substance used therein does ﬁot easily permeate to the
depth of micropores of the anodic oxide film which in
turn results in the discoloration of the treated
aluminium and the contamination of the bath in the after
treatment. It is also difficult to obtain within a
short span of time the impartation of blue colour of
desired@ density to the anodic oxide film produced by the
conventional method. By the method of dyeing, it is

difficult to attain durable coloration



of the anodic oxide filmof nmediumthickness (about 10 [err]. As neasures
ta solve these probl ens, Japanese Patent Publica- tion No.SHO 52-5010
propégses a nmethod for effecting the coloration of alum num by subjecting

al um nim to anodi c oxidation in ah aqueous 5 phosphoric acid solution and
i mrersing the treated aluminumin a bath ef #i ne di spersion of an aqueous
pi gnent , t hereby i nduci ng adsorption of the pignent to a porous anodi c oxide
filmfornmed on the surface of alum niunor a method which further coats the
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adsor ption of ¢he lRndfRAt by %@3@@&9@% aNadinumOXbdanddidnoxadaedo®Nid k8 aqueous
surface of alum niunor a nethod which further coats the colwed al um num

obt ai ned as d?ﬁ:’dﬁh@ﬁi@bﬂdﬁi védlutaoh heidimierisifigr tité rtrebitedecapaiiin in a
publ i cations disclose working exanples which attained coloration of an

anodi ¢ oxi de fhdth of Z@ne dispersioni of Mniaquébaseppgant, thebbby alndurdngeach
that the fine dispersion of the pignent having a particle size falling in
t he nei ghbor hcadsaxiptiopeof | thel pigeent) to @ @orous| gnodic oxddedf hip o3mpd on
(500 nm is used. The anodic oxide filmfor which the fine dispersion of
t he pi gnent 25the jsurfacecof tkpnjakn;or |§ nethod phieh funtbes: coatsghengpdoured
thah50 nm Singe yost piOMEN! RAGLLE! B aBobd 85En 4" Pherns ROl fog HATTLE
10 Japanese Patent Publication No.SHO 51-35177 propos'es a method for
attaining the coloration of aluminium by immersing aluminhm which
has undergone anodic oxidation in a nonionic or nonionic-cationic
bath of fine dispersion of an aqueous organic pigment and passing a
direct current or an alternating current through the aluminum in the
.15 bath, thei'eby inducing adsorption of the pigment to a porous anodic
oxide film formed on the surface of .alumim'nm, or a method which
further coats the colared alumix_xium obtained as described above with
\V a thermosetting resin. These patent publications disclose working
examples which attained coloration of an énodic oxide film of
20  aluminim in blue.
These patent publications'teach that the fine dispérsion of
the pigment having a particle size falling in the mneighborhood of 1
pm t1.000 nm), preferably not exceeding 0.5 pm (500 nm) is used.
The anodic oxide film for whi¢h the fine dispersion of the pigment

25 is to be used generally has a pore diameter of hot more than 50 nm.

Since most pigmeﬁt particles are larger than the pore diameter,



3 therefore, the coloration of alum niumoccurs in such a manner that the
pi gnent is deposited by adsorption in a layer in the nouths of pores in the
anodic oxide filmand on the surface of the oxide film The col oured and" -
por e-seal ed al um ni um produced by such a nethod, therefore, poses a proBffem
of poor fastness of the inparted colour t8 the inpact of abrasion and °
consequent ready rel ease of the pignent and, noreover, entails the

di sadvant agethérefbre; theocelovatiennof ebuminidmupkcesugst ia swichued oxi de
filmis coated with resin as disclosed in the patent publication nentioned
above. What hangexithati the pitgmentoiscéppeaited Wi efAsorptigapia &f

I nparting clear and durable blue colour of freely controlled density by a
si npl e proceb@yert bnahhansaprthexPfcPprpm 4r Hbei ancfhccrxdde dddm ed to be
formed on facing al um ni um mat erial woul d be

.'desirable t ARE 9P| Ehe surinre 9f Egﬁgaggﬁézfgihgﬁtn %iﬁh&ﬂyrﬁﬂeaﬁge of a
bath which is _stable o_preclude otherw ge,i.nevitable filement. It would
al so be desi?%ﬁ?é??ﬁlﬁé ﬁngnguBr3§ngcgan8¥h88° fachgsgp?on_whiph is
CoTbLe, of 1 PHREbEBEe7 PR R0-RISE BELBOER, arhgednoBrade 01 (11
for the inpajfahie8a0bobbi® £€6! €HE impab¥"bei HBrasion and consequent
ready release of the pigment and, moreover, entails the
disadvantage that fast coloration is not obtained unless
the coloured oxide film is coated with resin as
disclosed in the patent publication mentioned above.
What is desired is a method of coloration which is
capable of imparting clear and durable blue colour of
freely controlled density byva simple procedure to an
anodic oxide film of medium thickness desired to be
formed on faéing aluminium materials used in buildings.
It would be desirable to be able to stabilize
coloration of aluminiuﬁ by ﬁhe use of a bath which is
stable, to préclude otherwise.inevitable defilement. \Q
It would also be desirable to be able to provide a
method of coloration which is capable of imparting a
clear.and dense blue colour to an anodic oxide film of
aluminium.
In a first aspect,.the present invention provides a
method for fhé impa#tation of blue colour to aluminium
(alloyed or'unallbyed) comprising the steps 6f forming
an anodic oxide film on aluminium by DC elecfrolysis (as
conventionally practised), then subjecting the resultant

anodized




(all oyed or unall oyed) conprising the steps of formng an anodic oxide film
on al i nium by DC el ectrolysis (as conventionally practised), then

subj d¢t'i-ng the resultant anodi zed calumniumto AC electrolysis in a bath
containing an inorganic ferrous salt as a maij conponent thereof thereby

i nduci ng deposition of iron in the pores of 7§&id anodic oxide film and
subsequent|ly subjecting the treated alumnumto DC el ectrolysis in a bath 5
contai ning a hexacyano iron (Il) acid salt as a main conponent thereof and

[ id alum_niu de. The, d t of . this inventi
Fesides i n proRiBREEE, tRoR PCH SIS IAr B Aidh COPLEIBLRE AR IASREEOLF e
¢ol our t I um h terized. b | Sl fof ' .
anodic oxi de 16oERyE II°BEL b R i comORReRT o Bfxsl PhEEEed dndiebBRafRss tion
practised), theg §Jf-'&!. %ftf 'the Hi'?eé G308 2RO 253 a8 ?ﬂﬂ,’ Whd %uﬁsequently
pore-wi deni ng treat nent resofting to Imersion in sulfuric acid or

phosphori c aci guaﬁeéi- kY $héatdl RNQRRAME T fo A0 ©1ektro YRS 90kUbaER Of
phosphoric acid and sulturic acid, subsequently subjecting said alum nium

to AC 15 =l e¢cbh®h¥®iryg isnhaxhéfdhs droal NIDY &id algaas Ca fdino¢dnpohénts a
mai n conponent thereof thereby 1 nducing deposition of iron in the pores of

sai d anodi ¢ oxitheréof randand ihfes®id tadumdnineas isxy dnodet r eat ed al um numto
DC el ectrolysis in a bath containing a hexacyano iron (11) acid salt as a
mai n conponent therTid secondsaspectiof thial imventionagseaides oue proridingm
DESCRI PTI ON OF PREFERRED ENMBCDI MENTS ' .
P method for the impartation of clear and dense blue colwur to aluminium,
A ' .
characterized by comprising the steps of forming an anodic oxide
10 film on aluminim by DC electrolysis(as conventionally practised),
then subjecting the resultant anodized aluminium to a pore-widening
treatment resorting to immersion in sulfuric acid or phosphoric acid
or electrolysis in phosphoric acid or a mixed solution of phosphoric
acid and sulfuric acid, subsequently subjecting said aluminium to AC
15 electrolysis in a bath containing an inorganic ferrous salt as a
main component thereof thereby inducing deposition of iron in the
pores of said anodic oxide film, and thereafter subjecting the
&J- "treated aluminim to DC electrolysis in a bath containing a hexacyano
iron (II) acid salt as a main component thereof and using said

20 aluminiom as an anode.

DETAILED DESCRIPTION- OF PREFERRED EMBODIMENTS

This invention provides a method for obtaining impartation of
N durable blue colmr of freely confrolled density by an expeditious
| procedure to an anodic oxide film produced by the conventional
25 method. First, a description will be given to the first method of

this invention.. This first method comprises a series of steps of



This invention provides a nethod for obtaining inpartation of durable blue
. colour of freely controlled density by an expeditious procedure to an
anodi ¢ oxide film produced by the conventional 25 met hod. First, a T
description will be given to the first thod of this invention. This fiwst
met hod conprises a series of steps of ~Jeonventional pretreatnent [err]
anodi ¢ oxidation [err] treatnment for deposition of iron [err] DC

el ectrolysis in a bath of hexacyano iron (1l1) acid salt and is
characterized in that_the treatnment for deposition of iron allows iron to
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practi sed, e second step subjecting the resultant anodi ze mnumto AC
el ectrofysigoldratisn! ik ithe povesi df h faRodeuSokPdes filler 6BYa R vl BStained
deposition of iron in an anmount necessary for coloration in the pores of

t he oxi de fby rtheaodnvéret idnaldnetieml and ¢hei tgeated dluminumnis subfected to

el ectrolysis 15 in a bath of hexacyano iron (I1) acid salt,using said

al umi ni um BC ®iestvalysis doyachath af hexacyano iram (II))acid dsdltosonagrtd ed
into the pores of the anodic oxide film by electrophoresis to react with
iron ion wiebtain: the pinpartationi of dduge colpur.anSpaaificglidi | the fdaositngtep ..
deposition of a blue col our conpound within the pores and 20 ving rigg

i
to a bl ue GAURISER| i SQTAING, AR epafic orife, £11n 'on aluminum by DC electro-

10 lysis, carried out as conventionally practised, the second step
subjecting the resultant anodized aluminhm_to AC electfolysis in a
solution containing ferrous ions, thereby attaining deposition of
iron in an amount necessary for coloration in the pores of the oxide
film, and the third step subjecting the aluminum to DC electrolysis

15 in a bath of hexacyano iron (II) acid salt,using said aluminum as én
anode, thereby causing hexacyano iron (II) acid iron migrated into
the pores of the anodic oxide film by electrophoresis to react with

- iron ion within the pores of said oxide film and consequently ;;;
inducing deposition of a blue coleur compound within the pores and

20 giving rise to a blue oxide film excellent in durability;

Now, various manners for embodying-the_mgthod depicted above
will be more specifically described below. First, the aluminum is
given suitable pretreatments, such as degreasing, etching, and
neutralization,and then subjected to the well-known treatment for

25 anodic oxidation to give rise to an anodic oxide film. To be

specific, in the well~known electrolytic solution of a mineral acid



Now, various manners for enbodying the nmethod depicted above will be nore
specifically described below First, the alum numis given suitable
pre;ggdtnents, such as degreasing, etching, and neutralization,and then
subjected to the well-known treatnment for 25 . anodic oxidation to give
rise to an anodic oxide film To be specifi,c, in the well-known
electrolytic solution of a mneral acid - b/ or organic acid, i.e. the
el ectrolytic solution containing sulfuric acid, chromc acid, phosphoric
acid, or a nixeqapcid_thereof, oxalic.ﬁgid, or any of mxed acids using
oxal i ¢ aci d arRPHOT: RESERLF ARtk dred HReSlgctreintic gartdopy coptaiping
aqueous sul furi . acid,solutiqn, the alumniumis subjected,to.the
treatnent for q&°o§?ﬁ%ti?ﬂfQﬁ§Fn@° r RHOSPRPFifi aciffye OFo Ry BiXed AHA
applied and thg duration of thi.s appllcation. for this treatment,of anodic

o dat o may (RERRE s aRaPle ‘dUideBR AERSL hiodh, hoMds WRRROBRALC AV aba/or
performng th C [ Sq | | 1t 4 L 4 NGk, Q0 :
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the bottongpardsidPisolft §8n Oftid @10k e fid Bubjedled B thd treatRént Iy t he
production of blue colour of desired density. Wen adsorption of a snal
amount of -f er rafodien oktida bford UsAdgoditéet @urdentl | "The wilftagbcto be applied
si mul taneously with the deposi- 1 tion of iron in this case, the
reaction for caidrthiel doratidmheofsdthissapplidatioapfor tlais |trieatment Asf anodic
suitable bath for fulfilling such conditions as facilitating the adsorption
of the ferric oxidatdon mayHiedtheosand| as cthwosge iof thed conwendiicvalreefhog.
sediwent ati on, any of the follow ng baths may be adopted. The first bath is
By performing the AC electrolysis in a solution containing a-:

10 ferrous ion subsequently to said treatment for anodic oxidation,
"iron is deposited.in the bottom parts of pores of the oxide film in
an amount necessary for the production of blue colwur of desired
density. When adsorption of a small amount of ferric ion in the
pores of the oxide film is effected simultaneously with the deposi-
15 tion of iron in this case, the reaction for coloration in the sub-
sequent step is facilitated. As a suitable bath for fulfilling
such conditions as facilitating the adsorption of the ferric ion,
i_; diminishing possible change of pH, and discouraging sedimentation,
‘any of the following baths may be adopted. The first ba;h is
20 prepared by using ferrous sulfate or ferrous ammonium sulfate as a
main component in a ratio in the range between 10 and 200 g/1,
preferably between 10 and 100 g/1 , aﬁd additionally incorporating
53 therein boric acid in a ratio in the range between 20 and 50 g/1.
When this bath is left standing for several days, it is stabilized
25 with the pH value reachingia level in the range.between 3 and 3.5.

This stabilization is accelerated by addition of a small amount of



20 prepared by using ferrous sulfate or ferrous ammonium sulfate as a nmain
conponent in a ratio in the range between 10 and 200 g/l, preferably _
bet ween 10 and 100 g/I , and additionally incorporating therein boric #x
acidin aratioin the range between 20 and 50 g/I Wen this bath is | efed’
standing for several days, it is stabLI¥zed 25 wth the pH val ue reaching-
a level in the range between 3 and 3.5. This stabilization is accel erated
by addition of a snmall anmount of -7- ferric ion. Though any ferric salt
may be used for this purpose, a sulfate proves particularly desirable. The
concent r at i ¥AF¥TdC AAR. f Fhqughs apy aferyig, sgd ti may Hee vaegefort tis) purpage 1@
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bath is5li ghlédse BE i iRhING PoSSitle dhengé ¢ moﬂuﬂﬁgeeiﬁe $rocasd éfe
bath requires "a high voltage for the depositron of iron iT the pHis |less
than 3. TheAGeieetrolys i laaddprbcladitigcpaseibbey diffegehee r Dvsthelldegh6e U
ferrous amoni um sul fate as a nmain conponent in a ratio in the 15 = range
bet ween 10 cukbra®fon! | ,Thoughr ¢herdépositdoncofi i¥bmrid a@0aiddble so dong as
additionally incorporating therein boric acid in aratio in the range

bet ween 20 thel pli0o§/ the bath fallst imrthe rengeobekween 2 and 5, the pH of the..

\w/

bath is desired to be restricted to the range beyween 3 and 3.5

10 because the bath is liable to produce brown precipitate if the pH .
exceeds 3.5 and the bath requires a high voltage for the deposition
of iron if the pH is less than 3.

The second suitable bath is prepared by using ferrous sulfate

or ferrous ammonium sulfate as a main component in a ratio in the

15 ~range between 10 and 200 g/1°, preferably'between 10 and 100
g/l , and additionally incorporating therein boric acid in a
ratio in the range between 20 and 50 g/l1. Further, iron powder
may be added to the bath in a ratio in the range between 0.5 and 10 i;;
g/l , and at least one of such organic acids as tartaric acid,

20 citric acid, gluconic acid,and malic acid,which are used.as a
masking agent for the iron and-have no very strong complex-forming
ability, may be added in a ratio in the range between 0.1 and 1
g/l to the bath. Though the pH of this bath may be anywhere
between 3 and 6, the bath having a pH value between 4.5 and 5.5 is

25 .capable of effecting stable deposition of iron necessary for the

coloration withoﬁt requiring the addition of a ferric ion. Though



may be added to the bath in a ratio in the range between 0.5 and 10 g/l ,
and at~J east one of such organic acids as tartaric acid, 20 citric acid,
gIUcQQjc'acid,and mal i c acid which are used as a nasking agent for the iron
and have no very strong conplex-formng ability, my be added in a ratio in
t he range between 0.1 and 1 g/| to the bgth. Though the pH of this
bath may be anywhere between 3 and 6, the ba havi ng a pH val ue bet ween
4.5 and 5.5 is 25 capabl e of effecting stable deposition of iron
necessary for the coloration without requiring the addition of a ferric

i on. Though  theecferniqusydonoreadidy we;ﬁ%lm qmdm.:eatbwuﬁ@:@ésé bigh pH
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uniformty, in much the same nanner as in the first bath. In the first or

second bath depeenbpthidived, fibw gotlerating sedindnt e fedusdd ddtoathdeferrous
controll ed by applying an AC voltage between 15 5 and 35 V for a period

bet ween 15 andigfOoms comtdst witH ethebliyohépovader .15 FardhéB) tire:rmddinamcbﬂ o ic
the&den5|ty of the blue col our
acid serves the purpose of diminishing possible change of pH during
10 the process of electrolysis and ensuring the production of blue
colour suffering sparingly from lack of uniformity, in much the same
manner as in the first bath.
In the first or second bath described above, the amount of iromn
to be deposited can be controlled by applying an AC voltage between
15 5 and 35 V for a period between 15 and 300 seconds, preferably
between 15 and 180 seconds, and thus the density of the blue colour
to be'generated may be controlled by adjusting the amount of
iwj ~ deposition mentioned above. To be more specific, the voltage is
heightened and the duration of application of the voltagq'is
20 lengthened to obtain the blue colwur of high demnsity. These magni-
tudes are decreased to obtain the blue colmr of low density. The
deposited iron partly remains unreacted in the next step if the
A amount of deposition is unduly large. The generating colwr tends to.
lose uniformity if the.amount of deposition of iron is unduly small.

.25 Since the oxide film méy be destroyed if the voltage is unduly high,

as the optimum conditions for the coloration, the magnitudes under



to be generated may be controlled by adjusting the anount of deposition
nment i oned above. To be nore specific, the voltage is heightened and the
duration of application of the voltage is 20 | engthened to obtain the blaog
col our of high density. These magni- tudes are decreased to obtain the B¥lie
col our of |ow density. The deposited L@pg partly remains unreacted in the
next step if the anount of deposition is unduly | arge. The generati ng
colour tends to. lose uniformty if the anount of deposition of iron is
unduly small. 25 Since the oxide filmmay be destroyed if the voltage is
undul y hi gAiseussinn are dasirashdio bgnset grithia ¢hpopextinent: Kangegni t udes
under di scussi o re desired to be set within the pertinent range .
ment i oned 9859%9“@£5§@a8ently, in a bath of hexacyano iron (I1) acid salt,
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ferrocyani de proves to be particularly 10 desirable.” The coOncentration

of this fealofimi ¢ @aNafods), ito Obthisdtlie desired! DepdPtaid oicbPesIuel and
100 g/l preferably between 10 and 100 g/|. By applying a DC

vol t age of coddur | & sthiehaduinitd & 0 Selverahtexsvyanos dron a( 11} mcidasakts arede,

t he hexacyano iron (I1) acid ion mgrates into the pores of the anodic

oxi de fil nkaewhyte|the asphoriming dedacyana Hoona(I) i acid tsad ts; opotegsisimt ed.
within - ‘ W

ferrocyanide or ammonium ferrocyanide proves to be particularly
10 desirable. The concentration of this ferrocyanide compound is
desired to be in the range between 1 and 100 g/1 , preferably
between 10 and 100 g/1. By applying a DC voltage of not less
than 25 V to the bath using said aluminum as an anode, the hexacyano
iron (II) acid ion migrates into the pores of the anodic oxide film
15 Dby electrophoresis and, at the same time, the iron deposited within
the pores of the oxide film is dissolved in the form of ionsinto the
solution, with the result that a blue color compound is formed
inside the pores and the aluminum is colwred in blue. At this time.::;
the possible so-called "re-solution" of the produced blue colour
20 compound in the.bath and the consequent defilement of the bath may
be precluded by adding at least one of such ihorganic strong
elecfrolytes.as sodium sulfate, potassium sulfate, sodium chloride,
and potassium chloride in a ratio in the range between 20 and 50
g/l. The pH of the bath has no discernible effect on- the
25 .coloration and generally may be set in the range between 2 and 10. v

This pH nevertheless is desired to be retained in the range between



the pores of the oxide filmis dissolved in the formof ionsinto the
solution, with the result that a blue colour conpound is forned inside the
poreg_and the alum numis coloured in blue. At this time the possible
so-cal led "resol ution” of the produced blue colour 20 compound in the
bath and the consequent defil enent of the bafdw~may be precluded by addi ng
at | east one of such inorganic strong electrolytes as sodiumsulfate,

pot assi um sul fate, sodium chloride, and potassiumchloride in a ratio in

t he range between 20 and 50 g/l. - .The pH of the bath has no discernible
effect on the 25Arb|Tobgcanse athe hatd; 45| susfgrade tocassype 1fe codhgidabioonstiz
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series of steps o céhvenglon pretreat nen err| anodic.oxidation [err]
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el ectrolysis in a bath o exacyano 1ron erefore,
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por e-w deni ng 10 treatnment is added next to the step of anodic oxidation.

Thi s pore- w derédighenteal tPdd tnehtaooniépoditionabifsisen o5 D0y edettedlyyis in a
i mer- sion in sulfuric acid or phosphoric acid or by electrolysis in :

phosphori c acibath of hexedyamd hiroh (B0} psecid saddi.d dbdisultherefore; didemtical
genh#ally_practised. Owi ng .to the addition of this particular
with the first method described above, excepting the pore-widening
10 treatment is added next to the step of anodic oxidation. This pore-
widehing treatment is accomplished satisfactorily either by immer-
sion in sulfuric acid or phosphoric acid or by electrolysis in
phosphoric acid or a mixed bath of phosphoric acid and sulfuric acid,
as generally practised. Owing to the addjtion of this particular
15 step of treatment, the blue colwur bxide film produced by the second
method excels that produced by the first method in point of clear-
ness and density of colwr. The other component steps of the second
i,/ ' method are carried out under the same conditions in the same manner
as in the first method described above. The blue colwr oxide film
20 formed as described above exhibits excellent resistance to light as
- compared with the oxide film colwred by the method of immersion.

The anodic oxide film colwred in blue in accordance with the
present invention may be further subjected.to the conventional pore-
sealing treatment and/or the finish clear coating, as occasion

25 - demands. "

- Now, this invention will be described more specifically below



15 step of treatnent, the blue colour oxide film produced by the second

- met hod excels that produced by the first nethod in point of clear- ness and
"~ density of colour. The other conponent steps of the second nethod are ™%
carried out under the same conditions in the sane manner as in the first™

met hod descri bed above. The bl ue col our ?xide film20 formed as descri bed
above exhi bits excellent resistance to-ﬂlght as conpared with the oxide .

- filmcol oured by the method of immersion. The anodic oxide filmcoloured in
bl ue in accordance with the present invention nmay be further subjected to

t he conventWiginreference 49 pagking axpppdegqd/ b3 & matter of course,cshisng,

Speci 1 ?iLEF@%t&&ﬁ”ﬂ‘b’as%T?é#aécﬂh@é@é%&i?ﬁéﬁ%ﬁp € rLfléie%uEﬁ%?sv of
o be easi 15p SAERE, SiprisBd b B e Boh G S R BEITIL S b e
0 be easi I o B} *SoReGF o8y dF nd Fhat
nventfon.  BearLefe ol dItRe e Lo hoBIE A I MR O had

under gogie tggaofpgnugn{ﬁfgl_qlnvgﬁaé@@t ments of degreasing, etching, and
neutraliza- ti*on was subjected to DC el ectrolysis in the usual way in an

aqueous 10 Exsmplet 16n containing 190 g/ . of sulfuric acid [err] to
forman anodic oxide filmthereon in a thickness of 11 [err]. Then, the

resul tant anodi Aadeattuddde avdichetoflalanioppodéfbd shicht badwxiergbael tips at e
as a counter electrode in.an aqueous solution (20[err], pH
- conventional pretreatments of degreasing, etching, and neutraliza- .
tion was subjected to DC electrolysis in the usual way in an aqueous
10 solution containing 190 g/1 - of sulfuric acid (20°C) to form an
anodic oxide film thereon in a thickness of 11 pm. Then, the
resultant anodized article was set up as opposed to a stainless
steel plate as a counter electrode in an aqueous solution (20°C, pH
3.0) containing 50 g/l of ferrous ammonium sulfate, 30 g/l
15 of boric acid, and 1 g/1  of férric sulfate, and an alternating
current of 15 V was applied between the anodized article and the
stainless steel counter electrode for one minute to obtain a uniform
brown oxide film. The resultant article was disposed as an anode ;:}_
in an aqueous solution (20 °C, pH not yet adjusted) conta%ning 20
20 g/l ~of potassium ferrocyanide and 20 g/1 of sodium sulfaté,
and a direct current.of 35 V was applied between the article and the
counter electrode for about 30 seconds. Consequently, a slightly
darkened blue oxide film was obtained.
Example 2:

25 An extruded article of aluminum A6063 which had undergone the

conventional pretreatments of degreasing, etching, and neutraliza-



3.0) containing 50 g/l - of ferrous ammonium sulfate, 30 g/l 15 of

boric acid, and 1 g/l of ferric sulfateand an alternating current of

15 V:@@s appl i ed between the anodi zed article and the stainl ess steel

counter electrode for one mnute to obtain a uniformbrow oxide film The
resultant article was di sposed as an anode in an aqueous solution (20
[err] pH not yet adjusted) containing 20 242 - g/l of potassi um
ferrocyani de and 20 g/l - of sodiumsulfate, and a direct current of 35
V was applied between the article and-the counter electrode for about 30
seconds. Cons&é@erias, subjsrtemtta Diapleateplisis dri ghe rysupl\aayolnamaqueous

Ex le 2. 25 / ' d i f ' ' '
Chaetpone the SeMYUIRY BeRRest RSl of SRS SEh b oE for o

t i za- - 12 - td ject I rolysis i I ~
Wayf [ an aqueBiedfe amidhn 4R ieHeRy T8k ontediaRs' of Yl aThf o8 )
¢ . : : X : _ 1 .
L e oo buP i bR LA s R Gapeha £l ofbitni
O o OF 5PNosgBgE r aCi Be( SRbSiHdnic" 8181 YAICH¥hRSEive mAtdEN PrERRTR
y keeping iron powder subnmetgedin aratio o 0 g/l 1n an aqueous

solution (20 [ gfépardd ity kee airtn" pok@es)/ submerged! ih Cd 114 0ABEOD0 Ug71
sul fate, 20 g/? b_ o#ﬂ%origﬂgiid, a%d 0.75 g/l gf tartari-c acid, ttE?

anodi zed articlia s®saqucdusdsebutiyo(20 Cp pH 10.5) soataining G0=g/1pl at ofis a
counter electrode and then an alternating current of 10 V was applied
theiSEetmeen_fﬁerﬁmnsuammoniunosuiﬂaﬁen ao g/l of boric acid, and 0.75 g/1°
of tartaric acid, the anodized article was placed as opposed to a
10 stainless steel plate as a counter electrode and then an alternating
current of 10 V was applied therebetween fot 30 seconds to obtain a
uniform grey oxide film. Then, the resultant article was disposed
as.an anodé in an aqueous solution (20 °C, pH not yet adjusted)
containing 20 g/1 of potassium ferrocyanide and 20 g/l of
15 sodium sulfate and a direct current of 35 V was applied between the
article and the counter electrode for about 20 seconds. Consequently.
a clear blue colour oxide.film ﬁas obtained. |
N\ Example 3: |
Samples of the article of blue-colured aluminum obtained in
20 Example 2 were severally subjected to a varying pore-sealing
treatment indicated in Téble 1 and then to a 100-hour exposure test
with the aid of a dew panel weatherometer. The results are shown in
Table 1. Fdr comparison, the procedure of Example 2 was followed,
excepting 3 minutes' immersién in a bath containing 20 g/l of
25 ferric sulfate was used in the place of the electrolysis in the

ferrous sulfate bath before the coloration in the ferrocyanide bath.



uniformgrey oxide film Then, the resultant article was di sposed as an
anode in an aqueous solution (20 [err] pH not yet adjusted) containing 20
o/l of potassium ferrocyani de and 20 g/l of 15 sodi um sul f atés
and a direct current of 35 V was applied between the article and the
counter el ectrode for about 20 seconds. Cﬁﬁsequently a clear blue colour
oxide fil mwas obtained. Exanple 3: Sanples of the article of blue-col oured
al um ni um ob&ainpdesi af2ophe Exaﬂpp§ of\shisseompareyivepprpesdmesta varyi ng

por e- Sea"ngwéiéaﬁﬁﬁféctaé'ﬁétﬁﬂe'BaﬁébbSré Saﬂlihgntkaa%méQQ A@ar exposure

test with the aid a dew panel weath er et er-. g u ts. are own in
Table 1. Fofh Eoﬁﬁﬁ???ﬁﬂ t?gE pr3b§dﬁP§“ FSERZRHPLS QWPO Poﬁ@% .
excepting 3 minutes' imersion in a bath containing 20 g/l of 25
ferric sulfate was used in the plactatde the electrolysis in t+he ferrous

" sul fate bat fbefore e cotorartpn tn the rerropyant de patnmn. I3 fanples -
of the prodyct of this conparati yBekers uprAfter gxpesure 1 § t helsane

por e- seal i ng treamw%ﬁt and the ekpasufeatept p Theu epuld s|ape al ghown in
Tabl e 1. Tal : ‘__eé‘sg%(}iﬁ is?%mlz? 34,95 (3.8] L a

A\ 4 Ul AT T T CRCTTUO I LI

b L a Q
accor dance 'il i  ayonse Seurpiise.os) 9.39 {428.68 10.8
Selie of | Example |46,.80|-2.13 |-37.87 | W.15| -0.21 | -33.04| (5.5)

‘;w, . experiment 9.95 |{-2.10 |-34.70 55.7_0 5.11 | -27.11} 10.0

L}

Note: AE is the colour difference in accordance with
Hunter's colour difference formula. L is the
psychometric 1ightness, and a and b are the psychometric
chroma coordinates in Hunter’'s colour difference
formula. The colour of the anodic oxide film was
measured by means of a differential colorimeter (Model
CR-300, made by Minolta Camera Co., Ltd.).

It is clearly noted from the results shown in Tahle
1 that the samples for comparison showed heavy colour
difference and increase in the magnitude of L
(discoloration) after exposure, héreas the samples of
example of this invention showed decrease in the
magnitude of L and rather growth in density after uJ
exposure.

Example 4 _ N

An extruded article of aluminium A6063 which had
undexrgone the oonVentional pretreatment of degreasing,
etching, and neutralization was subjected to DC
electrolysis in the usual way in an aqueous solution
containing 190 g/l of sulphuric acid (20°C) to form an
anodic oxlde film thereon in a thickness of 11 yum.

Then, the resultant anodized article was subjected to a
pore-widening treatment by setting in a mixed acid (20°C)
containing 100 g/1 of phosphoric acid and 10 g/l of

sulfuric acid and subjecting to

)




psychonetric | i ghtness, and a and b are the psychonetric chroma coordi nates
in Hunter' s colour difference fornula. The col our of the anodic oxide film
was Reasured by means of a differential colorineter (Mbdel CR-300, made by
Mnolta Camera Co., Ltd.). It is clearly noted fromthe results shown in
Table 1 that the sanples for conparison shﬂdﬂd—heavy col our difference and
increase in the magnitude of L (discoloration) after exposure, hereas the
sanpl es of exanple of this invention showed decrease in the nmagnitude of L

§f” “al i i um %‘5@3&%&““'%&%@# Eﬁﬁoﬁ%éee%mﬁf'pﬁgé of i %Sf' B Ttk
the usual vayPFRPRRLY 5ﬁ§”i'§ﬁad{r% T ‘E?l BRif Ty "
(200 err] ©) 1 01£08in 4Rk a1 RYIE (5! ) L1 cn@aim 581 11 derrl.

Then, the resu zed article was Subjeéted to a enlng

treatnment by $ghtdild amiho 1Gﬂlx§|ﬁﬁ<‘tbd 280k L1 1) ©eNbakNé %x@oaabl?fﬁs g/1

phosphorlc acid and 10 g of sulfuric acid and subjecting to Ive
mnutes’ . gl erfowﬁaiubha&mn thd FredultaRt ditidlel Rad dRdpbsedens’ 6ppdied to

keepi ng iron powder subnerged in a ratio of 10 g/l
a stainless steel plate as a counter electrode, and then an alter-
nating current of 10 to 15 V was applied therebetween for 0.5 to 3
minutes-to obtain a uniform grey to brown oxide film. Subsequently,
in an aqueous solution (20 °C pH not yet adjusted) containing 20
10 g/1 of potassium ferrocyanide and 20 g/l . of sodium sulfate,
the resultant article was placed as an anode, and a direct current
of 35 V was applied between the article and the counter electrode
for about 20 to 40 seconds, to obtain a blue oxide film of demsity
proportionate to the duration of the electrodeposition of irom and
15  the magnitude of voltage applied. ' .
As described above, the method of this invention for the
impartation of blue colour allows efficient deposition of a blue
K,/ color compound within the pores of an anodic oxide film proportio-
nately to the desired density of colwr and, therefore, pegmits the
20 impartation of blue colwur of freely controlled dmsity by a simple
procedure. By the second method, clear and fairly dense blue colour
may be imparted to the oxide film of aluminum. The oxide film may
N be in the ordinary thickness (about 10 pm) to be effectively colowred.
The density of the blue colwr may be increased by using the conven-
25 tional pore-widening treatment subsequently to the conventional

treatment for anodic oxidation. Depending on the degree of



in an aqueous solution (20 [err], pH 4.5) containing 50 g/l. of ferrous
ammoni um sul fate, 20 g/l of boric acid, and 0.75 g/l 5 of tartaric
“acid, the resultant article was di sposed as opposed to a stainless steel &
plate as a counter electrode, and then an alter- nating current of 10 tS”iS
V was applied therebetween for 0.5 to 3,grinutes to obtain a uniformgrey to
brown oxide film Subsequently, in aﬁ‘ggheous solution (20 [err] C pH not
yet adjusted) containing 20 10 o/l of potassium ferrocyani de and 20
o/l of sodiumsulfate, the resultant article was placed as an anode,
and a directoloratéon t6 5 degsiaedapthe gorecwideming dreatmeht suhseguent to
counter electrode for about 20 to 40 seconds, to obtain a blue oxide film

of density ¥ Feetoant ofan, anediguesidatioss nay e amititedepoByrthar.ofinj r on
and 15 t he nagni tude, of yolta pplied. As described above, t net hod
of this | nARRGARDCE, W F e BPCPR N JBipI ABVERH IS aPewSuERt tad Dane
deposi tion of I ol, 0 1.t hin e res . of an anodi ¢ oxide
film propor‘fqlg-% %§?§F§ {'glqufé%g&??gﬁ%&é‘% i F&Qo‘f% (%’Ppgﬁﬁ?ét% ore,
permtsgth I LAt ORwaf a0 n 1.dengiky by
per 551 N cREPEbR! 4l ptind Ue°the o6 e/ ehNbERAS oK
colour may @ isHaB1ECEo]SrdtidnONafchd idtPalhed! wWitHbutMthéNGe L1 difont bE TRy
be in the ordinary thickness (about 10 [err] to be effectively col oured.
The densit ybgh.t he bl ue col or nay be incréased by using the conven- 25
tional pore-w dening treatnent subsequently to the conventional treatnent

for anodi c oxi dation. Depending on the degree of coloration to be
desired, the pore-w dening treatnent subsequent to (>



the treatnent for anodic oxidation my be omtted. Further,
with the nmethod of this invention, the inparted blue col our mﬁm l?ﬂifl[m””m
durabjld ity because the col our conponent may be 5 deposi ted evenc
bottons of the pores of the oxide film and the stable coloration nmay be
attained without the defilement of the bath. 16 16 CLAIMS: 1. A method of
I nparting a blue colour to alum nium unalloyed or alloyed, conprising the
sequenti al stepELAIMEA) form ng an anodic oxide filmon the al um nium by DC
el ectrolysis; (B) subjecting the resultant anodi zed alumniumto AC
el ectrolysis in an aqueous solution containing an inorganic ferrous salt as
a main conponeni t her eof thereb i nd Cln%t%§%&S|tion of irgn i,n the pores

i

of the ano?ic o}i dedf mPEhodn @t (& PBF& IGR#RPghr&? H@%ﬂiﬂ?ﬂ n an

I
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out in an aqueous s on cont ai ni ng errous su
ferrous annnnluBbsgig@£g°§§s§sgaln conponent ferrous

(B) subjecting the resu;fant anodized aluminium to
AC electrolysis in an aqueous solution containing an
inorganic ferrous salt as a main component thereof,
thereby inducing deposition of iron in the pores of the
anodic oxide film; and

(C)'placing the aluminium as an anode in an agqueous
solution containing a hexacyano iron (II) acid salt as a

- main component thereof and subjécting it to DC

electrolysis therein.

2. A method as claimed in claim 1, wherein the AC
electrolysis in step (B) is carried out in an aéueous
solution containing 10 to 200 g/l of ferrous sulfate or
ferrous ammonium sulfate as a main component ferrous
salt, additionally incorporating 20 to 50 g/l of ferric
sulfate, as additives, and keeping the pH value at a
level in theirange between 2 and 5, preferably between 3

and 3. 5.

3. A method as claimed in claim 1, wherein the AC



salt, additionally incorporating 20 to 50 g/l -of f

additives, and keeping the pH value at a level in gm mm -2 and
5, preferably between 3 and 3.5. 3. A nethod as clakned mherelﬂ
the AC 17 electrolysis in step (B) is qﬁfrled out in an aqueous sol uti™8r

containing 10 to 200 g/| of ferrous sulfate or ferrous ammoni um sulfate as'

a mai n conmponent ferro s salt ally i.n oporatln 20 to 50 g/l of
boric axis, 8lestrelygig antPPbﬂBé %&epa§£¥f t dm Ay 2WEORE [east one

HERURSRE SRR R tq?&das“ Sred saiﬁ%fé“’?hct e
b LHRdaod

Efig?ﬁede}[ \r/]ve:%?§,g? gmﬁx@z@hﬁ ggh')f\ﬁner\é?ﬁ%t %‘eaili%%m}o?‘rea ysis In gt egs( B) is

carrted out 51% V%Ehig;‘i%%ﬂgg RPOrARURL RO N B03Y M I poA i 0d in

t he range be weenh s to control the anmount of the iron to be

deposi ted angyagi, usat 5t % d@n?/tlyoqf itrlem PlowReig! ana W.ad4ed gyl Adfret hod
as clainmed in any of clains to 4, wherein the DC electrolysis in step (C

i s acconpl i shedileusk! e driganiel WEid $BlRTHVA PIUUE amdR tatats sol ution
containing 1 to 100 g/l of potassium ferrocyanide or

acid, citric acid, gluconic acid, and malic acid, as

additives, and keeping the pH value at a 1eve1 in the

range between 3 and 6, preferably between 4.5 and 5. 5.

4. A method as claimed in any of claims 1 to 3, wherein
the AC electrolysis in step (B) is carried out at a
voltage in the range between 5 and 35 V for a period in
the range between 15 to 300 seconds to control the
amount of the iron to be deposited and adjust the

density of the blue colour produced.

5. A method as claimed:in any of claims 1 to 4, wherein
the DC electrolysis in step (C) is accomplished by \;
placing the aluminium as an anode in an agueous solution
containing 1 to 100 g/l of potassium ferrocyanide or
ammonium ferrocyanide as a main component, additionally
incorporating 20 to 50 g/l of at ieast one inorganic
strong électrolyte_selected from among sodium sulfate,
potassium sulfate, sodium chloride, and potassium

chloride, keeping the pH value

@



ammoni um f errocyani de as a mai n conponent, additionally inc , to ;
50 g/l of at least one inorganic strong el ectrol yte sel ect eﬂl!mﬁmlﬂmﬂgmjmm .
sodiwp sul fate, potassium sul fate, sodiumchloride, and potas gehs -
keepi ng the pH val ue 18 at a level in the range between 2 and 10,

preferably between 5 and 7, and applying a D@3&oltage of not less than 25 V

to the alumnium 6. A nethod of inparting a blue colour to alum nium
unal | oyed or al ladyed lewidpriinsithe ttengee hehweart Ztaapd 10, (pyeferably an
anodic oxide filmon the alum niumby DC el ectrolysis; (B) subjecting the
resul ting anodi Zmtwaamihiand et reand tapplyingiaPC veltdge i of andt bess
phosphoric acid or to electrolysis in phosphoric acid or a m xed solution
of phosphoric adhamRb iturthe ALuwminim.eby performng a pore-w dening
treatnent thereon; (C subjecting the alumniumto AC electrolysis in an
‘agueous solution containing an inorganic ferrous salt as a nmai n conponent

ot e b . RGP oo L g L Lt (R
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(A) forming an anodic oxide film on the aluminium by
DC electrolysis;

(B)'subjécting the resulting anodized aluminium
either to immersion in sulfuric acid or phosphoric acid

" or to electrolysis in phosphoric acid or a mixed
‘'solution of phosphoric acid and sulfuric acid, thereby
performing a pore-~widening treatment thereon;

(C) subjectin§ the aluminium to AC electrolysis in
an aqueous solution containing an inorganic ferrous salt
as a main component thereof thereby inducing deposition
of iron in the pores of the anodic oxide film; and

(D) placing the éluminium as an anode in an aqueous
solution containing a hexacyano iron (II) acid salt as a

main component and subjecting it to DC electrolysis

therein.

7. A method as claimed in claim 6, wherein the AC

electrolysis in step (C) is carried out’'in an aqueous

solution containing 10 to 200 g/l of ferrous sulfafe or
~ ferrous ammonium sulfate as a main component ferrous

salt, additionally incoporating 20 to 509/l of boric



therein. 7. A method as clalned in claimse, mherel electrolysis in
step (C) is carried out in an aqueous solution c mmmﬁu m 0 g/l of
ferrous sulfate or ferrous anmmonium sulfate as a rrous T
salt, additionally incoporating 20 to 50g/l of boric 19 acid and 1 to 0
g/l of ferric sulfate, as additives, and R&eping the pH value at a level in
the range between 2 and 4, preferably between 3 and 3.5. 8. A nethod as

clainmed in chei@ @ndwiete 10t hylAcfefestriel puilfate, staap a@ditivemrri ed out

i n aqueous solution containing 10 to 200 g/| of ferrous sulfate or ferrous
ammoni um sul hatte keepd ngnithec plipvadnie bér eodeved| in dde tkeogd [between

I ncoporation 20 to 50 g/l of boric acid, 0.5 to 10 g/I of iron powder, and
0.1 to 1 g/l 20andt 4| cpreferebdygbetvesn 3 aded:&d from anong tartaric
‘acid, citric acid, gluconic acid, and nmalic acid, as additives, and keeping
the pH value at a level in the range betmeen 3 and 6, preferably bet ween

f St yarseth & RRREA 23 EARUIRD i 0k il Bl Rl ARCLLO, LS

200 35 V17 ot BRRHAYelR e SR CIE TR oRp g0 heSRbp ot Tl the
solution containing 10 to 200 g/l of fe:rong sul fate or
ferrous ammdnium sulfate as a main component ferrous
salt, additionally incoporation 20 to 50 g/1 of boric v

acid, 0.5 to 10 g/l of iron powder, and 0.1 to 1 g/l of

at least one organic acid selected from among tartaric

acid, citric acid, gluconic acid, and malic acid, as

additives, and keeping the pH value at a level in the

range between 3 and 6, preferably between 4.5 and 5.5.

9. A method as claimed in any of claims 6 to 8, wherein

the AC electrolysis in step (C) is carried out at a

voltaée in the range between 5 and 35 V for a period in

the range between 15 to 300 seconds to control the Q.J
amount of the iron to be deposited and adjust the

density of the blue colour produced.

10. A method as claimed in any of claims 6 to 9,.wherein
the DC electrolysis in step (D) is accomplished by
placing the aluminium as an anode in an aqueous solﬁtion
containing 1 to 100 g/1 of potassium ferrocyﬁnide or

ammonium ferrocyanide as a main component, additionally



density of the blue col our produced. 10. A nethod as claine
claims 6 to 9, wherein the DC electrolysis in step (D) is aa ﬂm tImw””",
pl ackrg the al uni nium as an anode in an aqueous sol ution co

100 g/| of potassium ferrocyani de or ammoni um ferrocyanide as a main
conponent, additionally | 20 incorporating®®0 to 50 g/l of at |east one

i norgani c strong electrolyte selected from anong sodi um sul fate, potassi um

sul fat e, sodi umiaitioopctatiagd 200ttas S0ug/Ahlof iade,ldesdpione timoxganiat ue at a
| evel in the range between 2 and 10, preferably between 5 and 7, and
appl yi ng a DC vetreps elewdirdlade siedectmd/ fxon famerigimadinm suil fatewt hod
of colouring alumnium wunalloyed or alloyed, substantially as described in
any of Exanpl esPptagsium sulfate, sodium chloride, and potassium
v .chloride, keeping the pH value at a level in the range
between 2 and 10, preferably between S and 7, and
applying a DC voltage of not less than 25 V to the

aluminium.

11. A method of colouring aluminium, unalloyed or
alloyed, substantially as described in any of Examples 1

to 4.



