METHOD OF COLORI NG ALUM NUM OR ALUM NUM ALLOY: MATERI AL BACKGROUND OF THE

| NVENTI ON Fi el d-of the Invention: This invention relates to a method for

t he "gJ i npartation of a durable’primary col or of bl ue, grggmzékiiﬁzq%awwn
whitexetc.to the surface of an alum numor alum numalloy material
(hereinafter referred to as "alum num material ™). Description of the Prior
Art: 10 As methods for the coloration of an al um num materi al

al ready treated for the formati on of an anodi ¢ oxi de coating thereon,

vari ous net hods have been known to the art such as the so-called
electrolytic coloring nmethod which conprises i mersing an anodi zed al um num
15 material in apeehopt b COLORINGUATOMINON ORARGMINUMEATLOY MARRRIALSAl t
sel ected from i Mo C=—CrC Tttt ieear e O G RGeS GGttt Emmitaiital €5,
hyidr ochl ori des, chromates and organic acid salts such as oxal at es,

acetates, and tartrates of such netals as NN, Co, C. Cu. 20 Cd, Ti, WMn,

Mo, Ca, My, V, Pb, and Zn, BACKGROUNDt OFg THEc INVENTION al um num material to
the electrolysis with alternating current thereby causing a rel evant netal,
met al hydr oxi de, Fdeldeofl tbei daveotlhondeposited within mcropores in the
anodi ¢ oxi de coating and consequently I nparting the correspondi ng col or
to the surface of theThigninuenkicar relates d¢oséa meshodn foxpAhese Pat ent

Publ i cation SHO 38(1963)-1, 715 and SHO 54(1979) - 23, 661,
5 impartation of a durable primary color of blue, green,

red, brown, white, etc.to the surface of an aluminum or
s aluminum alloy material (hereinafter referred to as

"aluminum material").

Description of the P;iof Art:

10 As methods for the coloration of an aluminum
material already treated for the formation of an anodic
oxide coating thereon, various methods have been known
to the art such as the so-called electrolytic coloring
method which comprises immersing an anodized aluminum

15 material in an electrolytic solution containing at least

i, one metal salt selected from inorganic acid salts such
as nitrates, sulfates, phosphates, hydrochlorides,
chromates and organic acid salts such as oxalates,
acetates, and tartrates of such metals as Ni, Co, Cr, Cu,

20 cd, Ti, Mn, Mo, Ca, Mg, V, Pb, and Zn, and subjecting

- the immersed aluminum material to the electrolysis with

alternating current thereby causing a relevant metal,
metal hydroxide, or metél oxide to be deposited within

micropores in the anodic oxide coating and consequently



for exanple] and the nmethod which conprises conbining 5 a direct current,
an alternating current, a waveformsimlar thereto, or a deforned waveform
in the process of secondary electrolysis. Further; the so-called‘integcgy

col or anodi zi ng nmet hod whi ch conprises anodi zi ng an al um num materi al t
forma colored 10 anodi ¢ oxide coating on the alum num material by virtue
of the particular kind of an electrolytic solution or the action of the

el enent to be incorporated in the alum num material has been known to
persons skilled in the art [as disclosed in U S P. 3,031,387, US P. 15
3,143,485, etc.]. Besides the nethods which resort to such el ectrochenical,

treatnents asjfipaetihgdtaboverreepomaifgdeolior HeE el ButEHadedldOthesi N
bat hs of inorgani c conpounds or organi c dyes have been well known in the

art. 20 alBuihbm sbteriadhdaisc discloasedein Japanssd Patdnt v
el ectrolytic coloring or integral color anodizing nentioned above, it is

not easy to i PpbilicatdbaaSHOr B8H1P63J-dr, 716 andmiSHOMSHAAIN79)-23]6E1 as
facing materials in buildings which have been furnished for the 25

ful filment of fohecexgampiley ehdddhebmeithpd \whichn compdiises? combigdinge coati ng
of a mediumthickness (not less than 9 [err], for exanple). It is said that

t he anodi 2 oxfddiregti syrzendi| angadéernaiing cHErQRtl, By wavefioxm i cal

dura- bility when_ it is given a treatnent for increasing their
similar thereto, or a deformed waveform in the process

of secondary electrolysis. Further, the so-called
integral color anodizing method which comprises ;)
anodizing an aluminum material to form a colored

10 anodic oxide coating on the aluminum material by virtue
of the particular kind of an electrolytic solution or
the action of the element to be incorporated in the
aluminum material has been known to persons skilled in
the art [as disclosed in U.S.P. 3,031,387, U.S.P.

15 3,143,485, etc.]. Besides the methods which resort to
such electrochemical treatments as described above, the
methods of immersion coloration using baths of inorganic
compounds or organic dyes have been well known in the
art. |

20 By the electrochemical treétment_such as for the
electrolytic coloring or integral color anodizing
mentioned above, it is not easy to impart & clear
primary color to aluminum materials such as faéing
materials in buildings which have been furnished for the

25 fulfilment of the guality of durability with an anodic



5 mcropores in size and nunber by conmbining a direct current, an
alternating current, a waveformsimlar thereto, a deformed waveform or
voltagg in the process of secondary anodi c oxidation intended to ensure

i mpartation of a primary color. 10 In contrast, by the method of

| mmersion coloration, it is not easy to inpart a durable and clear color to
the al um num materi al because a col oring substance is predom nantly
deposited in the entrance parts of the mcropores of the anodic oxide
coating and, during the 13 aftertreatnent as by washing with water, the
dgposited coloring substance is renoved fromthe mcropores to the extent
of inpairing theoxddesicoatdnigo ofora aridiunatthickiesisanaot Adssgithan % e,
colored alum num material. SUVMARY OF THE | NVENTI ON 20 An overal |
oRlj ect of this i foenexamplielar efldr ds ismitd ghadyitde anodilodxdidec doatiimg an
al um num material, which is capable of inparting a varying durable primry
color to the sureataidls iahdegilimendim roec gualitmotfhprasiyjical dunar s
invention is to provide a 25  nmethod of coloring an alum num material,
which is -3- gafye when dlads gdvend@ dreatmendr fox dnoreasiagitheizum
material in a relatively shaort period of time by causing a colarin
compound to Be dB¥SIOPOFres in siEm apd ma%rokywwn?msr @p@r‘é‘@"g? an

anodi ¢ oxide 5 coating of tq% al um,num mat eri.al . . .
current, an alternating current, a waveform similar

thereto, a deformed waveform, or voltage in the process

o of secondary anodic oxidation intended to ensure
impartation of a primary color.

10 In contrast, by the method of immersion coloration,
it is not easy to impart a durable and clear color to
the aluminum material because a coloring substance is
predominantly deposited in the entrance parts of the
micropores of the anodic oxide coating and, during the

15 aftertreatment as by washing with water, the deposited
coloring substance is removed from the micropores to
the extent of impairing the resistance to corrosion and
resistance to light of the colored aluminum material.

SUMMARY OF THE INVENTION

20 An overall object of this invention, therefore, is
to provide a method of coloring an aluminum material,
which is capable of imparting a varying durable primary
color to the surface of the aluminum material.

Another object of this invention is to provide a

25 method of coloring an aluminum material, which is



Yet another object of this invention is to provide a nethod of coloring an

alum num material, which is capable of inparting the durabl
to the alum num material by causing a coloring conpound to

e various colors
be 10

f
deposited by a chenical reaction within mcropores of a col ored anod|c¥*
oxi de coating of the alum nummaterial. Still another object of this
i nvention is to provide a nethod of coloring an alum nummaterial, which is

capabl e of inparting a durable color with high operational

15 ef ficiency

to the surface of the alum num material while obviating the necessity for

subj ecting an anodi c oxi de coating of the alum num materi al

to a

nodi fication tapablenofWimpariting ablduriablieedieart kolpialtd yehef dur abil i ty
of the coating as by enlarging or deform ng 20 the mcropores in the
anodi ¢ oxi de adamingm hatecdalplinsia triedadijvedys shesdr ipsadicbofk tine
accordance with this invention, there is provided a nethod of coloring an
al um num nat ebyakcawsiiog aon:prllos’eslgt lcomposingl 3o bes depositef) byshj ecting
the al um num material to anodic -4- oxi dation thereby formng an anodic

oxi de coati ngchamigals Feprgdonhsiddfin B)lcéflﬂﬂoé'(ﬁﬁ of @
material to a treatnent of electrophore5|s in a bath contai

anesHic; @xigleini num

ning 5

hexacyanoPer r geating) ofr tﬁéxéé?@ﬁ@ﬂ&wm% i@l and C) subjecting the

al um num mat eri al

haV|n
%ot%er object of this invention is to provide

a method of coloring an aluminum material, which is

-

capable of imparting the durable various colors to the o/

aluminum material by causing a coloring compound to be

10 deposited by a chemical reaction within micropores of a

colored anodic oxide coating of the aluminum material.

Still another object of this invention is to provide

a method of coloring an aluminum material, which is

capable of imparting a durable color with high operational

15 efficiency to the surface of the aluminum material while

obviating the necessity for subjecting an anodic oxide

coating of the aluminum material to a modification

treatment which is liable to ‘impair the quality of

durability of the coating as by enlarging or deforming

20 the micropores in the anodic oxide coating.

To accomplish the objects described above, in

accordance with this invention, there is provided a

method of coloring an aluminum material which comprises

the steps of:

25 A) subjecting the aluminum material to anodic



gone the treatnent of said step Bto a treatnent of imersion in a bath
containing at |east one netal salt selected fromthe group consisting of
saltg of Fe, Ni, 10 Co, Cu, Zn; Cd, Ba, Tl, and My and at |east one
eIect%ﬁlyte sel ected as an additive fromthe group consisting of sodium
sul fate, potassiumsulfate, sodiumchloride, and potassiumchloride. In
this nethod, various colors can be inparted to 15 the surface of the

al umi num material by performng integral color anodizing for the formation
of a colored anodic oxide coating in said step A of the anodi c oxidation
or, electrolytic coloring in an electrolytic solution containing a netal
salt subsequent | yoxisiatioh Xherehy pfoymbigtae anodic oxidetcoxtimgl on the
subj ecting the resultant col ored anodi c oxide coating to said treatnent of
eliect rophor esi s dfuxkace sthgremfand to said treatment of inmersion of said
step ©). These and naqy ot her advant ages, features and the 25 further

obj ects of the presentB} nvBRIKFEIRY | oRpodized pluninym mateeialki to oy
in-the art upon nmaking refer- ence to the follpwi ng detail ed description
BRI EF DESCR PTI OFR§% SREnt oy txopharegis (i pbakh Fontaimiigg t he

anodi ¢ oxi de ToallPBrngEer Tt Fhef | BFcefrRboEre ate o LTy #h€at ment
accordi ng o this I nVesT Oty fd Ghidy ' énd"albnith 304 883209 h¥i Af Cunder-
gone the treatment of said step B to a treatment of
L/ immersion in a bath containing at least one metal salt
selected from the group consisting of salts of Fe, Ni,
10 Co, Cu, Zn, Cd, Ba, Tl, and Mg and at least one
electrolyte selected as an additive from the group
consisting of sodium sulfate, potassium sulfate, sodium
chloride, and potassium chloride.
In this method, various colors can be imparted to
15 the surface of the aluminum material by performing
integral color anodizing for the formation of a colored
anodic oxide coating in said step A) of the anodic
oxidation or electrolytic coloring in an electrolytic
solution containing a'metal salt subsequently to said
20 step A) of the anodic oxidation and subjecting the
resultant colored anodic oxide coating to said treatment
of electrophoresis of said step B) and to said treatment
of immersion of said step C).
. These and many other advantages, features and the

25 further objects of the present invention will become



of iron contained in a coloring conpound in a colored 10 anodi ¢ oxi de
coating obtained when the coloring conpound is fornmed w thout a treatnent
of el ectrophoresis. DETAILED DESCRI PTION OF THE | NVENTI ON Now, this  +
invention will be described in detail below. First, an aluninun1nateri3f’is
subjected to an 15 anodic oxidation in conformty with the conventional
nmet hod, to form an anodi ¢ oxi de coating on the surface thereof. The anodic
oxidation is well known to persons of ordinary skill in the art and will be
omtted fromthe present description of this invention. 20 Then, the
anodi zed alumnum material is imersed i,n a weakly acidi c_aqueous sol ution
of a pH val ue@BPagsnt bpethagr skiddesd dnnFheerxty MPONe MRkdRY mefesi~

hexacyanoferrate (l11),.such_as potassium.ferrocyani de, sodiumferrocyanide,
pot assi um f er BRE§akPd Pesgﬂigﬁngg §FF%E§aﬂF& FlgﬁﬂﬁﬁiUH1ferrocyanide,
and annnniun1ferricyanb_- i, QnGent.r 2 'OQ 1 to about -6-

60 g/liter, preferabl y=-&m ' ed to a treatnent of

el ectrophoresi s by Iiéﬁéég Oéi% g&g hL@h ft%@?%ﬁé@§16§£§$aMt*‘

i Fig°. 3
t he al um num mat er| a i 0 caus sorptron o xacyanoterrate

(11) 5 iogs OBFE%QBngB]‘tgg_h%ge iq b )coi]%nlﬁt,ﬁg cg:P\gaoh‘?xﬁeq.in”% \@]{C&Fg ep B)

m Cropores of € anodl C oxXl coati ng m num materi a

Subsequent |y, ahBa;8l Ui BMcBREENGA0 £V A 1M num material undergone

a coloring treatment according to this invention.

AR R

P

e

Fig. 2 is an EPMA diagram showing the distribution &
of iron contained in a coloring compound in a colored
10 anodic oxide coating obtained when the coloring compound
is formed without a treatment 6f elecgrophoresis.

~ DETAILED DESCRIPTION OF THE INVENTION

Now, this invention will be described in detail
below. First, an aluminum material is subjected to an
15 anodic oxidation. in conformity with the conventional
method, to form an anodic oxide coating on the surface
thereof. The anodic oxidation is well known to persons =
of ordinary skill in the art and will be omitted from ~/
the present description of this invention.
20 Then, the anodized aluminum material is immersed in
a weakly acidic agqueous solution of a pE value of not
more than 8 containing hexacyanoferrate (II) or
hexacyanoferrate (III) such as potassium ferrocyanide,
sodium ferrocyanide, potassium ferricyanide, sodium ¥
25 ferricyanide, ammonium ferrocyanide, and ammonium

ferricyanide in a concentration from about 1 to about

-6 -



undergone said treatnent of el ectrophoresis is subjected 10 to a
treatnment of inmmersion for fromabout 0.5 to about 15 mnutes in a weakly
aci dice_saqueous sol ution containihg at | east one salt of a netal selected
from The group consisting of Fe, Ni, Co, Cu, Zn, Cd, Ba, Tl, and My and at
| east one electrolyte selected as an additive fromthe group 15

consi sting of sodiumsul fate, potassiumsulfate, sodiumchloride, and

pot assi um chl oride, severally in a concen- tration of fromabout 2 to about
50 g/liter (Step C. By this treatnent, the hexacyanoferrate (I11) ion or
hexacyanof er r at 60( igi/Ljitiean; gaedeiriabdy fxom Sedwerdfe @l itexf and subjected
af orenenti oned treatnent of el ectrophoresis on the receding walls of the

m cropores of t ke anéFeatmente ofogliestrephare sdlaukiyh bher@ppligationaked
tq react with the netallic ion of the aforenentioned netal salt and
consequent | y gi RePPteatdal of fEem lcsmpahd ofiths theyadaminme imanenial or
hexacyano iron éﬁll) on the receding walls of the m cropores_ of the anodlc
oxi de -7- Ay angde, to.cause” adsarption G’rfed‘ee‘ééﬁ’wftﬁrré

col or indicgted in TabI% 1is ob%glne d dlnqlon tQ&lneta al t added
to the aquedus &8Pt PonleFiGYaNPLe on 9 sal t

ﬁg;gg produced w3133s! %”hicropéﬁ%gﬁb%méﬁgﬂéﬁb ic odi¥y J¥a 1ﬂg‘§ﬁ“%he
yano
aluminum material (Step B).
Subsequently, the aluminum material which has
undergone said treatment of electrophoresis is subjected
10 to a treatment of immersion for from about 0.5 to about
15 minutes in a weakly acidic aqueous solution containing
at least one salt of a metal selected from the group
'qonsisting of Fe, Ni, Co, Cu, Z2n, Cd, Ba, T1l, and Mg and at
least one electrolyte selected as an additive from the group
15 consisting of sodium sulfate, potassium sulfate, sodium
chloride, and potessium chloride, severally in a concen-
tration of from about 2 to about 50 g/liter (Step C).
kz} By this treatment, the hexacyanoferrate (II) ion
or hexacyanoferrate (III) ion deposited in consequence
20 of the aforementioned treatment of electrophoresis on
the receding wells of the micropores of the anodic oxide
coating of the aluminum material is caused to react with
the metallic ion of the aforementioned metal salt and
consequently give rise to the metal compound of
25 .hexacyano ixon (II) or hexacYano iron (III) on the

receding walls of the micropores of the anodic oxide



ferrate (I11) lron (I11) nitrate Light yellow - purple Cbpper nitrate

Li ght brown - pink Cobalt nitrate Grayi sh green 10 o
Barium sul fate Li ght yellow Thal lium sul f at-e Yel | ow Potassimf”}ﬁ
Cobalt sulfate Li ght brown hexacyano- ferrate (I111) Magnesium ¥

sul fate Li ght brown As a conmponent for the bath to be used for the 2+

2+ 15 treatnment of inmmersion, the salts of N[err] and 2+ Cd are usabl e
as effectively as those nentioned above. The effect or action of the
treatment of electro- phoresis according to this invention will be

descri bed below with reference to the acconpanying drawi ng. Fig. 20 2 s
represents a ceeatipgs tAs éarasgﬁtaiﬁeGlsyrEPWipﬁﬁél9§F§gn§f0 i 8tribution
of iron contained in the_colored reaction product in an.anodic oxide
coating obt ai né@ryingarales| dpdicgked, da: Faklewlt A§urPEAdBrdoi AgPEBAing ( ey
treatnment of el ectrophoresis and Eig.. 1 a ,curve of distribytion ofiron
contained in tRB EBFOW@&aieﬁéiFoﬁdﬁggdﬁettﬁﬁ 35“&98&i5°3?§ 8M¢oat i ng
obtained in conse- quence of the treatnent of el ectrophoresis of this 5
invention. It is clearly noted fromabllesd EPVA di agrans that in the

col ored oxide coating shown in Fig. 1, the-

5 Ferrate Metal salt Color produced
component : _
Potassium Ammonium oxalate - | Light blue - blue -
hexacyano- ' -
ferrate (II) | Iron (III) nitrate| Light yellow - purple

| copper nitrate Light brown - pink
Cobalt nitrate | Grayish green
10 Barium sulfate Light yellow

Thallium sulfate Yellow

Potassim Cobalt sulfate Light brown:
hexacyano-
ferrate (III) | Magnesium sulfate | Light brown

As a component for the bath to be used for the

15 treatment of immersion,'the salts of Niz+, Zn2+, and ~

2+ are usable as éffectively as those mentioned above.

cd
The effect or action of the treatmént of eiectro-

phoresis according to this invention ﬁill be described

below with reference to the accoﬁpanying drawing. Fig.

20 2 represents a curve (of the data obtained by EPMA

-5

analysis) of distribution of iron contained in the
colored reaction product in an anodic oxide coating .

obtained in said coloration treatment without undergoing



iron of the coloring conpound is concentrically distri- buted in the
receding parts of mcropores in the anodic oxide coating. This fact clearly
indig§LES that the 10 hexacyanoferrate (I1) ion or hexacyanoferrate (I11)
ion IS deposited by the el ectrophoresis in the receding parts of m cropores
of the anodic oxide coating and this deposited- ion is reacted on by the

af orenenti oned netal salt to give rise to the colored reaction product 15
[the metal conpound of hexacyano iron (II1) or (I1l1)]. Further, in this

i nvention, an electrolyte selected fromanong sodi um sul fate, potassium

sul fate, sodiumchloride, and potassiumchloride is added besides the
af orenenti oned nethf tEgatnept (RE Blectxepheresinand Figs o} PRy Rt

t t t of i ion (Q), f h , Of h ' h i 1] f
e colori ng comPARRFIIYIRR ok dieh P aRFrLien To chin drelothd (FRASHYR .

id ting. That the additi f lecirolyte hg bath f th
Creatmont of i mradneosts fiapedle oxldg Costingdhfoided Gy fomag” |

ment of 1 . N . f
m eropor as of tnaHRstA f M BERRIR e DOROminAth 18 Bhfh
conspi cuousl ¥ enhgRfase {ie Ef{]t?cis OélégPigsr?&%%angfr&ﬁ e%gér‘élé'néﬂ%r%%eﬁ% ams

phenomenon of |iberation of the ‘coloring ound nent

of coloration, thad¢ opi MEd CE1PEd Sidd | ol ik - sbwi NEn LG MEN eipd
seal ing the m cropores. '
iron of the coloring compound is concentrically distri-
s buted in the receding parts of micropores in the anodic
oxide coating. This fact clearly indicates that the
10 hexacyanoferrate (II) ion or hexacyanoferrate (III) ion
is deposited by the electrophoresis in the receding
parts of micropores of the anodic oxide coating and
this deposited ion is reactéd on by the aforementioned
metal salt to give rise to the colored reaction product
15 [the metal compound of hexacyano iron (II) or (III)].
Further, in this invention, an electrolyte selected
from among sodium sulfate, potassium sulfate, sodium
chloride, and potassium chl&ride is added besides the
aforementioned metal salt to the bath used for the
20 aforéméntioned treatment of immersion (C) for the purpose
of enhancing the deposition of the coloring
coﬁpound ~in the receding parts of micropores of the
. anodic oxide coating. That is, the addition of the
. electrolyte to the bath for the treatment of immersion

25 results in the - highly satisfactory deposition



In the nmethod for coloration in accordance with the present invention, the
col oration proceeds quickly and 10 uniformy in high density because the
deposition of the hexacyanoferrate (I1) or (I1I1) ion within the n1cropgges
of the anodi c oxide coating by the treatnment of el ectrophoresis can be<
controlled by an applying potential and the treatnent tine, and the
deposited ion in the mcropores is prevented 15 | i berating fromthe

m cropores. Further, the fact that the coloring conpound is formed in the
recedi ng parts of mcropores of the anodic oxide coating is effective in
ensuring retention of the practical durability of the colored alum num -
material. 20 of the cglaning coopenid: inl the negeding garss afomicrepobes t he net hod
of this invention and further covered with an electrically deposited ,
acrylic type ofatthey anpdice sddler sroatiniaecpnse thhe Bdded wiectroe shown
in Table 2. The data obtained by this testinidicate that the sanple 25
possessed sat |1g1t@cmqsm{mam y!nhanms the rfifect ofyxprressing or

2) Item of test nposite coatjing coating Anodjc oxide
11 preYPnM&m Rhenqmtqmga% dekherptian ofhe cplexingg
8

5 compound during the treatment of coloratlon, the
treatment of washing with water, or the treatment of
sealing the micropores. -
‘In the method for coloration in accordance with the o/
present invention, the coloration proceeds quickly and
10 uniformly in high density because the deposition of the

hexacyanoferrate (II) or (III) ion within the micropores

of the anodic oxide coating by the treatment of electropherésis

can be controlled by an applying potential and the treatment
time, and the depoeited ion in the micropores is prevented

15 liberating from the micropores. Further, the fact that the
coloring compound is formed in the receding parts of
micropores of the anodic oxide coating is effective in
ensuring retention of the practical durability of the
colored aluminum material.

20 Then, a sample alumihum material colored by the
method of this invention and further covered with an
electrically deposited acrylic type coating was tested
for surface quality. The results are shown in Table 2.

The data obtained by this test indicate that the sample

25 possessed satisfactory durability.

- 10 -



3)

10 hours, mninmum5

RN 9. 5, ReS|stance to aci d4)

hours\ : 24 hours,

gloss retention ratio 195% 1) The net hod of Japanese I ndustri al

(JIS) H 10

Ri ng cont act

for
puire water at 63

m ni mum CASS corrosi on resi stance
RN 9 NS dlscoloratlon Accel erated weat herability 6)

CL!‘

8601 was followed with the necessary nodifications.
The nethod of JIS H 8602 was followed with the necessary nodifications.
in 0.5% NaCH 4) Ring contact
5Q[err]Cwith a salt solution containin
liter and adjusted to acidity of pH 3 bl®di%
250 hours with a Sunshi ne Weat her net er,

rlu oF

12 Nt ac. noar 60
Tt S —pe—-0 Y+t

in 5% HA 15
4% NaCl and 0.26 g of CuCferr] per
i on of acetic acid. 6) Tested

Resi st ance to al kal
24 hours,

mnimmRN 9.5 8
m ni mum 9.5
M ni mum

St andar d

2)

3)

5) Sprayed at

using intermtted spray of

i ac. [»]\N |
rere-cre TN

=Rai | nn nu_nrhnr

The al um num mat
subjecting a giV
anodi zing in the

A ma

erials furni shed with vari ous d

Anedd.c5

T

can be obtalned

en al um ndtemabér tebtt o a treatjoxdidef Ol’l)l Coagposliteclcmating
pl ace coatlng
Thickness of 2gggig oxide 11 11
coating (im) 9
| Applied coating - 8

5 Resistance to alkali3) - 10 hours, minimum
. RN 9.5
S
. 24) - 24 hours, minimum
Resistance to acid RN 9.5
8 hours, < s
CASS corrosion resistances) minimum 24 hours, minimum
RN 9.5
RN 9
No discoloration
Accelerated weatherabilityﬁ) - Minimum gloss
' retention ratio
95%
1) The method of Japanese Industrial Standard (JIS) H
10 8601 was followed with the necessary modifications.
W 2) The method of JIS H 8602 was followed with the
necessary modifications.
3) Ring contact in 0.5% NaOH
4) Ring contact in 5% HCl
15 5) Sprayed at 50°C with a salt solution containing 4%
- NaCl and 0.26 g of CuCl2 per liter and adjusted to
Q acidity of pH 3 by addition of acetic acid.
6) Tested for 250 hours with a Sunshine Weathermeter,
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of the ordinary treatnent for anodic oxidation thereby form ng a col ored
anodi ¢ oxide coating on the alum num material or subjecting an al um num.,
material already 10 undergone the treatnment of anodic oxidation to a;i:

treatment of electrolytic coloring by AC electrolysis in a netal . ur’
salt-containing electrolytic bath and thereafter perform ng on the col ored
oxi de coated alum nummaterial the treatnments of coloration, i.e. the

treatment of 15 el ectrophoresis (Step B) and the treatnment of inmersion
(Step C) contenplated by this invention. In accordance with the nethod of

I ntegral col or anodizing, for exanple, a b%autiful bl ui sh %rgﬁaaluninum
material is produREiNg, SRterRittednsPEaYarhi RYTS WALRER30%3 Faferi al by

subj ecting the si%'con-cgntainingpalunigun1naterial to the treatnent of
|

integral col or anbti 2+RY-ERePEby °PnBaPER§ -gray col or to the al uni num 4

material an he bj ect | he gray-col ored alum nummaterial to the
el ect rophor esr ??%gfhénﬁuﬁﬁe% hexacyanoferrate (I1) bath 25 and the

120 Then. i n ShecPhEntat, ARELRLL R0 hEhibhel RARhT AR oNR TR (7 ©

rolytic col oring,

bri ght "Oaéﬁhbgr%eaﬁhgai ﬂyngﬂﬁﬁseﬁh?i Y g&g@pcsiumnmbh%% gyt he

anodi zed al um num material to” AC efectrolyti olloring in an aci |c.aquebus
solution 5 coptai pr8gtmehtN£82! inRegRalPcB162MAABAAEihECHADHePARCNT &

col or of yellow sh gold to the oxideé coating

of the ordinary treatment for anodic oxidation thereby
forming a colored anodic oxide coating on the aluminum .
material or subjecting an aluminum material already

10 undergone the treatment of anodic oxidation to a
treatment of electrolytic coloring by AC electrolysis in
a metal salt-containing electrolytic bath and thereafter
performing on the colored oxide coated aluminum material
the treatments of coloration, i.e. the treatment of

15 electrophoresis (Step B) and the treatment of immersion
(Step C) contemplated by this invention.

In accordance ﬁith the method of'integral color
anodizing, for example, a beautiful.bluish gray aluminum
material is produced from a silicon-containing aluminum

20 material by subjecting the silicon-containing aluminum
material to the treatment of integral colof anodizing
thereby imparting gréy color to the aluminum material
and then subjecting the gray-colored aluminum material to
the electrophoresis treatmeht in a hexacyanoferrate (I) bath #

25 and the immersion treatment in a bath containing ferric oxalate

and sodium sulfate.
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of the alum num material and subsequently perform ng the al um num nmateri al
colored in yellow sh gold the el ectrophoresis treatnment in a
hexacyghoferrate (1'l) bath 10 and the imersion treatnent in a bath
contdining ferric oxal ate and sodium sulfate. The treatnent of integral

col or anodi zing and the treatnment of electrolytic coloring nentioned above
can be effected by various well-known nethods. These 15 treatnents are
wel | known to persons of ordinary skill in the art and will be omtted from
the present detail ed description. The col ored al um num materi al obtained by
the treatnment of coloration in accordance with this invention 20 as
descri bed above may Fhefubjidvtaqrarsiange e thefmethod mf elsetrelytimi ng
coating and el ectrodeposition coating, after performng, or w thout .
pérformng a tr&IoriG, & bydght,yeaklawish gregn Aluminummaterih is

nmet hods such as washi n i th hot re ter, sealing with pre- 25
ssurized steam PXRg ﬁ%@ 1?4£iﬂﬂ & anodiged “aluygipun paterialiten

exarpl o, ahi chAd & TertrRIg e, darin B | A< edieant St Pty
et eri al | (60536F MR IAIALA QLT G AT DR | STRRE TP SRR R rent i n
an aqueous .imparting a color of yellowish gold to the oxide coating
of the aluminum material and subsequently performing the
\/ aluminum material colored in yellowish gold the
electrophoresis treatment in a hexacyanoferratel(II) bath
10 and the immersion treatment in a bath containing ferric
oxalate and sodium sulfate.
The treatment of integral color anodizing and the
treatment of electrolytic coloring mentioned above can
be effected by various well-known.methods. These
15 treatments are well known to persons of ordinary skill
in the art and will be omitted from the present detailed
description.
The colored aluminum material obtained by the
treatment of coloration in accordance with this invention
20 as described above may be subjected to a treatment of
coating, such as dipping coating and electrodeposition
coating, after performing or without performing a treat-

ment of sealing micropores by various well-known methods

)

such as washing with hot pure water, sealing with pre-

25 ssurized steam, and sealing with chemicals.

- 13 -



solution containing sulfuric acid in a concentration of 190 g/liter and
kept at 20[err]C, to forman oxide coating 10 11 [err] in thickness ..
thereon. The anodi zed al uni num naterial was then i nmersed in an aqueeflis;
solution of a pH value of 2 containing potassiumferrocyanide in a el
concentration of 10 g/liter opposed as an anode to a counter el ectrode of
carbon as a cathode, and subjected to a 15 treatnent of el ectrophoresis
for five mnutes with a potential of 5 V. Then, the alum num material was

i mersed in an aqueous sol ution containing amoniumiron oxalate in a
concen- tration of 10 g/liter and sodiumsulfate in a concen- tration of 10;
g/liter, to obtaiNow,bthirt ipventien: widlobe deseribed moxepispezifd-rol | ed
al um num materi al undergone the treatnment of el ectrophoresis described in
Exampl e 1 waS2aik¥ebedavws with yefarances ton varkifge sxampdiesi shish aneH )
value of 25 , 4.5 contaipin annDniﬁghiron Qxal ate in a concentration - 14

- of 20 gihterded,fosBe; Beredys idduskratiyecof Ard MetoA™@NY |iter and
kept at a bath te rature of 45[err],C._to.obtain a coating colored in

gr een. Exanp?%n§?nggmliatlvﬂn°§lEﬁFnaﬁyﬁ&géPPal (6063S) was subjected to
anodi c ogidagkgﬁ g@t .direct current in an aqueous solution containing
sul furic™aci P3®cOficentrati on of 190 g/liter and kept at 20[err]C, to

forman oxide coajipgy}lgl §1hhihBm! Matrial (6063s) was subjected to

anodic oxidation with direct current in an aqueous
solution containing sulfuric acid in a concentration of -
190 g/liter and kept at 20°C, to form an oxide coating
10 11 ym in thickness thereon. The anodized aluminum
material was then immersed in an aqueous solution of a
pH value of 2 containing potassium ferrocyanide in a
concentration of 10 g/liter opposed as an anode to a
counter electrode of carbon as a cathode, and subjected to a
15  treatment of electrophoresis for five minutes with a potential of 5
V. Then, the aluminum material was immersed in an agqueous

solution containing ammonium iron oxalate in a concen-

tration of 10 g/liter and sodium sulfate in a concen- e
tration of 10 g/liter, to obtain a bright blue coating
20 thereon.
Example 2:
A rolled aluminum material undergone the treatment
of electrophoresis described in Example 1 was immersed
- for five minutes in an aqueous solution of a pH value of 4

25 4.5 containing ammonium iron oxalate in a concentration

- 14 -



ness. The anodi zed al umi num material was subjected to a 10 treat ment of

el ectrolysis for five minutes with an AC potential of 12 Vin a bath
conthging ni ckel sulfate in a concentration of 30 g/liter and boric acid
in a concentration of .30 g/liter. Consequently, there was obtained an

al um num materi al having the color of bronze. 15 \Wen this material was
subjected to the sane coloration treatnent as in Exanple 1, it was col ored
in grayi sh blue. Exanple 4: An alum num material (6063S) was subjected to
20 anodic oxidation with direct current in an aqueous sol ution containing
sylfuric acid in a con%ﬁgtration of 190 g/liter and kept at 20[err]C,_to

forman oxi de c&%t %99 r [2nd, sadium, Sl fake ddh 2 geneaMEatdem Ity num

materi al was suljected to a treatment of .electrolysis for J.our, m nutes

T ol A ot oo Gl Lier, Apd FERE Bt & J O et Ak, A 455 59

sulfate in a concent.ration qf. 6 a/lidter, sulfuric acid in a concentration

of 40 g/liter, Y =i s“iﬂafqzétneg iq’nOIé’rce&cJe!htgrra%?%‘n of 40 g/liter, formalin

in a concentratg&%ﬁ?1:3jyliter, and ferrous 5 sulfate in a concentration
ept

of 3 g/liter an e!at'25[err]C, to obtain an alum num material having

e 07, 25, 1 13 Sl ey Meelya pbflanieds e
col ored uni for mog jigatdicte Wit B Su¥rent in an aqueous solution
containing sulfuric acid in a concentration of 190 g/liter
W, and kept at 20°C, to fofm an oxide coating 11 um in thick-
ness. The anodized aluminum material was subjected to a
10 treatment of electrolysis for five minutes with an
AC potential of 12 V in a bath containing nickel sulfate
in a concentration of 30 g/liter and boric acid in a
concentration of 30 g/liter. Consequently, there was
obtained an aluminum material having the color of bronze.
15 When this materiél was subjected to the same coloration
treatment as in Example 1, it was colored in grayish
blue. |
Example 4:
An aluminum material (6063S) was subjected to
20 énodic oxidation with direct current in an agueous
solution containing sulfuric acid in a concentration of
190 g/liter and kept at 20°C, to form an oxide coating
11 um in thickness thereon. The anodized aluminum
p material was subjected to a treatment of electrolysis for

25 four minutes with an AC potential of 12 V in an aqueous

- 15 =



An al um num mat eri al undergone the treatnent of el ectrophoresis described
in Exanple 1 was inmmersed for two mnutes in a bath containing cobalt
sulfate in a concentration of 20 g/liter and sodiumsulfate in a 15 o
concentration of 10 g/liter, to obtain a |light grayish green coating =’
t hereon. Exanple 6: An alum num material undergone the treatnent of

el ectrophoresis described in Exanple 1 was immersed for 20 one mnute in an
aqueous solution of a pH value of 2 containing iron (I111) sulfate in a
concentration of 30 g/liter and sodiun1su|fate i'n a concentration of 10
g/liter, to obta

CLAMIS: 1. sa}ﬂ'—&&%%&%’-ﬁ%&?‘%i é‘ éﬁrifo#ﬁp | aor"%’gﬂ‘i_ﬁﬂ'ﬁﬁ?%im 5 tTe\rAiEal '
A .

ot rial o Brganieere apdntid B A B SoRddRRATidn Ve R R 1

the surface ER@E%R & 1?%%‘3%1:%9 c%gxc‘ln%%‘h%‘idcgé ;4[]6 ?g’i‘t; e Al UM num al | Oy

material to atrea trophoresis In a alnlnga

hexacyanof er g@%ﬁaﬁkh) if a h%ﬁc&’i’x‘%‘}ati r{ e ) )1 génr%g ferrous-)

subj ecting s um num or al um num al | oy naterl one said
treatmeng of ggh ¢ateORRORECToRCckAtration of 3 g/liter and.kept at 25°C,

to obtain an aluminum material having the color of
yellowish gold. - This treated material was subjected to
the same coloration treatment as in Example 1, to obtain )
an aluminum material colored uniformly in green.
10 Example 5: |
An aluminum material undergone the treatment of
eléctrophoresis described in Example 1 was immersed for
two minutes in a bath containing cobalt sulfate in a
concentration of 20 g/liter and sodium sulfate in a
15 concentration of 10 g/liter, to obtain a light grayish
green coating thereon. |
Example 6:
An aluminum material undergone the treatment of
electrophoresis descfibed in Example 1 was immersed for
20 one minute in an aqueous solution of a pH value of 2
containing iron (III) sulfate in a concentration of 30
g/ljfer and sodium sulfate in a concentration of 10

g/liter, to obtain a coating colored in purple.
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a treatment of inmmersion in a bath containing at |east one :
sel ected fromthe group consisting of salts of Fe, N, Co, |mmmuugmlll :
T1, and My and at 15 | east one el ectrolyte selected as an Ve n m «
the grdup consisting of sodiumsul fate, potassiumsulfate, sodium chloride,
and potassium chloride. 2. The met hod according to claim1, wherein a

col ored anodic oxide coating is forned on the surface of said al um num or
alumnumalloy material in said step (A of anodic oxidation. 3. The

met hod according to claim1, wherein said alum num or alum num all oy

mat eri al under Sald~sk & of anodic oxidation is subjected to AC

el ectrolysis -EQESEAﬁﬁiﬂﬁéqﬁeééitrolytic solution containing a netal salt
to 5 effect cploraji t ' xide ' d u

col ored aluninugfor %Iﬁ%?ﬁ%%1§ Igéfﬁggggiéﬁ ?gggégﬁgcﬁgdaggﬁgéﬁﬁ %?gggnent

of eIectrophorqﬁégeﬁfglangoﬁ 'gsié§a£ﬁgngtg sl rsion (C. 4. The net hod

according to clarm wherern sard treatment of el ectrophoresis (B) is

ef fected by placing ggi Q?Bﬁa&ﬂﬂaﬂ 8418l BTLAYALA bPYaTBEhLA aimogn agueous
solution of a pH value of not nore than 8 containing a 5 hexacyanof errat e

(1'1) or hexacyaggéerialetd! dhodid éxiaaﬁﬁahrﬁhéﬁégﬁnfbbﬂihénaﬁ 8hodito 60
g/liter and applying a potential of from1l to 20 to said al um num or-
al um num al 5oy oRidéi 6batingnoAnthe. surface thereof,

B) subjecting.said anodized aluminum or aluminum
s alloy material to a treatment for electrophoresis in a
batﬁ containing a hexacyanoferrate (II) or hexacyano-
ferrate (III), and
10 C) subjecting said aluminum or aluminum alloy
material undergone said treatment of electrophoresis to
a treatment of immersion in a bath containing at least
one metal salt selected from the group consisting of
salts of Fe, Ni, Co, Cu, 2n, Cd, Ba, Tl, and Mg and at
15 least one electrolyte selected as an additive from the
group consisting of sodium sulfate, potassium sulfate,
sodium chloride, and potassium chloride.
2. The method according to claim 1, wherein a colored
anodic oxide coating is formed on the surface of said
aluminum or aluminum alloy material in said step (A) of
anodic oxidation.
3. ‘The method according to claim 1, wherein said
¥ aluminum or aluminum alloy material undergone said step

(A) of anodic oxidation is subjected to AC electrolysis
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S. The net hod according to.claim4, wherein s rrate IS
pot assi um ferrocyani de or potassiun1ferricyanid nm i accordrng
to claim1, wherein said treat- nment of |nner5|o '

i mrer sing said al um num or al um num al | oy naterlal for 0.5 to 15 n1nutés’|n
a weakly acidic aqueous sol ution containing said netal salt and said
el ectrolyte severally in a concentration of from2 to 50 g/liter. - 18 -

in an electrolytic solution containing a ﬁetal sélt to

5 effect coloration of the anodic oxide.coating and £he
resuitant colored aluminum or aluminum alloy material is
subjected to said treatment of electrophoresis (B) and
said treatment of immersion (C).
4; The method according to claim 1, wherein said
treatment of electrophoresis (B) is effected by placing
said aluminum or aluminum alloy material in an aqueous W,
solution of a pH value of not more than 8 containiﬁg a

5 hexacyanoferrate (II) or hexécyanoferrate (III) in a
concentration in the range of 1 to 60 g/liter and applying
a potential of from 1 to 20 V to said aluminum or aluminum
alloy material as an anode.

5. The method according to claim 4, wherein said
hexacyanoferrate is potassium ferrocyanide or potassium
ferricyanide.

6. The method according to claim 1, wherein said treat-
ment of immersion (C) is effected by immersing said
aluminum or aluminum alloy material for 0.5 to 15 minutes
in a weakly acidic aqueous solution containing said metal
5 salt and said electrolyte severally in a concentration of

from 2 to 50 g/liter.
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