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7 - (54) COATING ANODICALLY-OXIDIZED ALUMINIUM ARTICLES
(71) We, YOSHIDA KOGYO KABUSHIKI KAISHA, of No. 1 Kanda Izumi-cho,
Chiyoda-ku, Tokyo, Japan; a Corporation duly organized under the laws.of Japan, dohereby
declare the invention, for which we pray that a patent may be granted to us, and the method
by which it is to be performed, to be particularly described in and by the following statement:-
S . “The present invention relates to'a method for providing a coating film on an anodically- 5
oxidized layer of aluminium oxide on the surface of an aluminium article of aluminium or an
. aluminium-based alloy. - - : AT o .
- Several methods are known for sealing the micropores or pinholes in the anodically-
oxidized surface layer of an aluminium article and include the use. of pressurized steam or
10  boiling water-and chemical sealing methods which employ certain salts for example nickel 10
. acetate .or cobalt acetate: After the anodically-oxidized surface layer has been sulI)’jectecl_ to
.sealing by one of the above described prior art methods it can be provided with a coating film
using a coating composition, but the anodically-oxidized surface layer is liable to formation of
- cracks if drying by heating of the coating composition is undertaken at the usual temperature
15 _-of 140°C or higher. Such cracks result in inferior adhesion of the coating film.to the 15
~-underlying surface, inferior appearance and mechanical properties of the coating film as well
_"as poor corrosion resistance of the thus coated articles. Therefore it is a generally accép_ted
‘practice that ‘an aluminium article which has been subjected to sealing is coated with a.
.low-temperature-drying coating composition which is curable at a temperature of lower than
20 . -140°C. However, such low temperature-drying coating compositions are not as effective.as 20
those drying at 140°C or above, and disadvantageous properties are obtained with the
resultant films in comparison with those from the high temperature-drying coating composi-
.. tions. In consideration of these problems, the selection of a coating composition is critical and
the properties of the coating films e.g.-adhesion to the underlying surface and corrosion
25 resistance, are never usually satisfactory. = - C o o
+ Certain techniques are well known which permit;coating with a high temperature-drying
-coating composition. Coating is usually preceded by- sealing of the micropores in the
--anodically-oxidized surface layer with a synthetic resin by means of electrodeposition or
immersion. The sealing treatment is.a semi-sealing to such a halfway extent that no crack
30 formation will take place upon coating. Completion of sealing occurs by hydration simul- 30
- taneously with high temperature curing and drying of the coating composition by utilizing
.-moisture contained in the coating composition. However, small amounts of the sealing liquid,
- e.g. sulphuric acid, ‘often-remain absorbed in the micropores in the anodically oxi((:llized
- surface layer and the resultant coated article is often defective with poor corrosion resistance
35 as well as low wear resistance, durability and adhesion of the coating film, - 35
. *# - In addition, electrolytic colouring of an anodically oxidized surface layer can bring prob-
" *‘lems. For example in the method proposed by.Asada (see Japanese Patent Publication No. 38
“#1-1715) a coloured metal oxide of a low oxidation state is deposited electrolytically into the
" micropores of the anodically-oxidized surface layer before the: article is coated with an'
40 - organic coating composition. This procedure can lead to degradation of the coating film due 40
. ﬁmigration of the coloured metal oxide-out 'of the micropores in to the overlying coating
um.. . o T N CoL :
. Aluminium articles of aluminium or aluminium-based alloys coated with either high orlow
* temperature-drying coating compositions.on an anodically-oxidized surface layer thus often
45  have defective coating films which lack adhesion to the underlying surface, resistance to wear, 45
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sealing by one of the above described prior art nethods it can be provided
wth a coating filmusing a coating conposition, but the
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COTr 23S lyRBtnleREdS the @iérBpores in the oxide layer. In accordance withi the invention, an aqueous 25
. sealing liquid containing a silicic acid or silicate dissolved or dispersed thereinis employed for
-a primary sealing treatment. Among the silicic acids and silicates soluble or dispersible in
water and thus suitable for the present purpose, the silicates expressed by the general formula
xM.0.Si0,, where M is an alkali metal, X is an'integer from:1 to 10, and y is an integer from 10 _
30 to 100, are especially preferred. Other inorganic silicates can be used, as also can silicates 30
" containing organic moeities. Examples of suitable silicic acids and silicate compounds thus
“include orthosilicic acid, metasilicic acid, sodium silicates, potassium silicates, borosilicates,
potassium dluminium silicates; sodium aluminium silicates, sodium. methylsilicates; potas-
sium methylsilicates; sodium butylisilicates, sodium propylsilicates, lithium propylisilicates,
35 - triethanolammonium silicates, tetramethanolamine silicates, hexafluorosilicic acid, zinchex- 35
afluorosilicate, ammonium hexafluorosilicate, cobalt hexafluorosilicate, iron hexafluorosili-
cate, sodium hexafluorosilicate, nickel hexafluorosilicate, barium hexafluorosilicate and .
hydroxyammonium hexafluorosilicate. -+ '~~~ . - . . o g
The concentration of the silicic acid of silicate dissolved or dispersed in the aqueous sealing
40 liquid is in the range from 0.005 to 60 g/liter or, more preferably, from 0.03 to 30 g/liter. 40
Recognizable effects can be obtained even with an extremely low concentration of aslow asa
few ppm though when the concentration of the silicic acid or silicate in the sealing liquid is " -
outside the range as specified undesirable drawbacks may. arise in the: performance and
appearance of the finished alumium articles as well as in the stability of the aqueous sealing
45 ‘liquid. The sealing treatment is performed by dipping the aluminium article in the aqueous 45
sealing liquid at an elevated temperature of 80°C or higher. Dipping will usually be for a time
less than 30 minutes or, preferably, from 2 t6' 20 minutes and in this.way can give excellent .
sealing results with respect to corrosion resistance in comparison with conventional sealing:
- methods with chemicals or boiling water. A temperature lower than 80°C for the sealing
50 . liquid is undesirable because of the less satisfactory appearance of the finished aluminium 50 .
" articles as well as the lower electric conductivity of the sealing liquid which is disadvantageous 4
when the sealing treatment is conducted electrolytically as discussed below. Improvementsin . :
the sealing can be obtained by adding to the aqueous sealing liquid a small amount of a polyol,
e.g. glycerin, ethyleneglycol, propyleneglycol or'diethyleneglycol, a surface active agent be it
55 a cationic, anionic, nonionic or amphoteric surface active agent, a defoaming composition, 55
- and/or a chelating agént. ' e _ o R
Instead of the simple dipping of the aluminium article in the aqueous sealing liquid as -
" described above, further improvement in the: sealing effect and corrosion‘resistance of the
finished aluminium article can be obtained by an electrolytic sealing treatment for example in
60 ° which'an AC, DC or DC-biased AC voltage of:200 volts or below, preferably from 5t0 110 60
volts, is applied betweer the aluminiuiif‘article:and a counterelectrode such as stainless steel
-+ electrode, thie aluminium article being'thie cathode and the stainless steel electrode being the .
anode when using a DC voltage. The frequency of the AC voltage is not critical but
conveniently is the conventional frequency of 50 or 60 Hz. The duration of dipping and the
65 temperature of the sealing liquid in this electrolytic sealing treatment can be the same as for 65




35 as well as |ow wear resistance, durability and adhesion of the coating
film 35 In addition, electrolytic colouring of an anodically oxidized
surface | ayer can bring prob- lens. For exanple in the method proposed by

Asada (see Japanese Patent Publication No. 38 1/7/15) a coloured metal oxide
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k%/ G'fo r'dnger or with boiling water for-10 minutes or longer in hot water
: -at a temperature higher than 95°C; the: water optionally-containing sodium carbonate,
. ammonia or triethanolamine as an auxiliary additive in a concentration of 0.005 to 1g/liter.
‘20 - ‘The secondary sealing treatment following the primary sealing treatment can also be 20
" effectively carried out chemically with a sealing liquid containing a salt which is a nickel salt
“such as nickel acetate, a molybdate such as ammonium molybdate, a phosphate such as
sodium dihydrogenphosphate or a birchromate such as sodium bichromate. Examples of
~ formulations of sealing liquids for chemical secondary sealing treatment are as follows:
“25. ' Sealing with a nickel salt solution: nickel acetate 2 to 5 g/liter; cobalt acetate 1g/liter, boric .25
acid 2 to'5g/liter pHS to 6; temperature of the solution.70°C or higher; and treatment time 2 '
- to 30 minutes. - _ ) oL e o L o '
Sealing with a phosphate solution: sodium or ammonium dihydrogenphosphate 0.03
. g/liter; pH'5 to 6; temperature of the solution 95°C or higher; and treatment time 2 to 30
-30 minutes.© "~ " T o e o
*" Sealing with'a bichromate solution: sodium bichromate 50 to 100 g/liter; sodium carbo-
" nate 18g/liter (optional); pH 6.5 to 7.5; temperature. of the solution 95°C-or higher; and
treatment fimie 2 to 20 minutes. - . T
Sealing with a molybdate solution: ammonium or sodium molybdate 1 to 2 g/liter; pHS.S
'35 - t0'8.0; temperature of the solution 90°C or higher, and treatment time-about 30 minutes. -35
" If desired the primary sealing treatment can be preceded by colouring of the anodically- '
.oxidized surfacé film of the aluminium article. The colouring can be performed by any
conventional electrolytic or chemical method. o S : .
. In the electrolytic colouring, electrolysis is carried out with an electrolyte solution prepared
40  in accordanee with known methods by adding a smallamount of a metal salt of an inorganic 40
“acid t0 an aqueous solution of an inorganic acid:or an. ammonium, amino or-imino salt
.thereof. Suitable metal salts include nitrates, sulfates, chlorides, phosphates, borates, chro-
‘mates, oxalates, acetates and tartrates of nickel, cobalt, copper, chromium, tin, selenium,
_ _‘molybdenum and gold. The concentration of these metal salts in the electrolyte solution is
45 typically in the range 5t0 500 g/liter. The electrolysis is performed at 5 to 75 volts AChbutitis 45
also”possible to perform the electrolysis with a DC voltage. or DC-biased AC voltage. A
voltage higher than 75 volts normally destroys the oxidized surface film and no colouring is
- obtained. . P o
, ~ Chemical colouring is performed-by dipping the alumium article with anodically-oxidized
"+ .50 " surface layer in a solution of iron (IIf) sodium oxalate or iron (III) ammonium oxalate ata - .50
*‘concéntration”of 1 to 10 g/liter and at 40 to-70°C.for.1 to 10 minutes. e
" After having been subjected to the primary and optional secondary sealing treatments
described above and, if necessary, after having been washed with water, the aluminium article
"is‘dried and coated with a coating composition. The coating composition may be conventional
55  and can be an aqueous solution, aqueous dispersion or an organic solution.: The principal = 55
- advantage of the sealing treatment in accordance with the present method is that a coating
- composition with a drying or curing temperature of-140°C or higher, which was not used in
~the prior art due to the problems of crack formation and insufficient adhesion, can be used for
. the finishing coatirig, With respect to-the coating with a-high temperature-drying coatjng
60 ~ composition, a method is disclosed in-Japanese. Patent Publication 47-51092, which is a 60
_ combination of a primary sealing treatment with electrodeposition of a thermosetting resin
" followed by curing iri a'drying kiln. With the method of the present invention excellent sealing
effects are possible with only the primary sealing treatment. In addition, the present method
is not greatly restrictéd in -the selection of the coating process and coating can be by
65 electrodeposition. by dipping and by electrostatic coating. o e
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sealing liquid at [err] or higher and containing fromO0.005 to 60 g/litre

of a silicic acid or a 10 silicate dissolved or dispersed therein, (b)

coating the thus treated alum niumarticle with a coating conposition, and

(. drying or curing the coating at a tenperature of [erri—ortigher—The

-met hod of the present invention can be used with alum niumarticles of

(Egzginiun1or of an alum ni um based alloy conprising alum niumw th -one or
C,

alloying elenents, for 15 exanple silicon, magnesium copper, nickel,
chromium |ead, bisnuth, iron, titaniumor 15 rfanganese. The shape
of 4he aluminiumarticles is ndi3858%ical and suitable articlesginclude
pl at és, pipes, rods, extruded bars Wwtih regul ar_or _frrregutar cross, section
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effect and the testing procedures for the properties of the complex coating. film are summar-

ized in the following. -

25 Coating procedure (A): Electrodeposmon with a water-soluble electrodeposmon coatmg- 25
composition was-cartied out using coating composition at a solids content of 12%by weight at :
22°C with aluminium article as the anode and a stainless steel rod as the cathode by applying

" 140.to 180 volts DC voltage for 2 minutes followed by washing with water and. mg by
heating at 180°C for 40 minutes to give a finishied coating film of about 8um thickr

30 Coating procedure (B): The aluminium article was dipped in a water-soluble. coatmg 30

_ composition of a thermosetting acrylic resin with a solids content of 26 % by weight by weight

at 40°C, gradually extracted at a speed of about 1 meter/minute and kept at 35°C for 10
minutes followed by drymg at 180°C for 40 mlnutes to grve a finished coatmg film of about

. 8um-thickness. -

'35 Coating procedure (C) The alumlmum artlcle was spray—coated with a thermosettmg 35
acrylic resin coating composition diluted with an equal amount of a thinnersolvent by useofa -
spray gum driven with compressed air. of 4 kg/cm’ *G: and dried with heat at.180°€ for 20
minutes to give a finished coating film of about 8um thickness. - : o

_ Testing procedures for testing the sealing effect. :

40 1) Alkali solution drepping test: by the: procedure specrﬁed in JIS H 8681 40
2) Cass test: by the procedure using salme solutlon which is specrfred inJISH 868‘1 with
" the testing time of 8 hours. -
(3) Cape test: visual examination of the appearance and determmatlon of the change in
the thickness of the surface film after immersion of the aluminium article in an aqueous
45 solution prepared by dissolving 10g/liter of sodium sulfite followed by a step adjustmentof 45
the pH first to' 3.75 with glacial acetlc acid and then to 2 5 with 5-normal sulphunc acidat -
92°C for 30 minutes. .
Testing procedures for testing the propertles of the coatmg film. : ’
(1) Adhesion of the coating film by the procedure specified in JIS A 4706. .
50 (2) Impacttestwith Du Pont impact tester: the impact test was carried out by droppinga .50
weight of 1000 g from a height of 50 ¢m to the surface. to.be tested, and the damage caused in
“the coatﬁng fllm was examined v1sually The txp of the weight was spherical with a radius of
- I/4 inc]
(3) Alkalicorrosion test: by the procedure spec:fred in JIS A 4706 aftenmmersron for 72
55 hours'in 1% NaOH solution. 55
(4) Sulphuric acid corrosion test: by the procedure specnfled inJISA 4706 afteri tmmer-
sion for 72 hours in 5% H,80, solution. . =
¢5) Hydrochloric acid corrosion: test; the- same procedure as speclfred inJIS A 4706 but
with 5% HCI solution as the test solutron and-after-72 hours of immersion.

60: l(6) Cass test: by the procedure specrfled in JIS K 5400 w1th 72 hours spraymg of saline 60

solution. -
O3 Corrosmn test wrth sulfurous acid solutron 30 hours of 1mmersmn m a 1% aqueous
.solution of sulfurous acid at 25°C. -
(8) Corrosion test with boﬂmg water:; 5 hours of i 1mmer51on in water at 98°C or hrgher
65 The results of the above testing were rated in 5 grades () to (V) with the following scale. 65




i nclude orthosilicic acid, netasilicic acid, sodiumsilicates, potassium
silicates, borosilicates, potassiumalumniumsilicates, sodium alum nium
silicates, sodiumnethylsilicates, potas- siumnethylsilicates, sodium
butylisiTrcates, sodiumpropylsilicates, Ttthiumpropylsilicates, 35

tri et hanol ammoni um si licates, tetranmethanol am ne silicates, _ .
hexafl uorosilicic acid, -zine hex- 35 afluor05|licate, anmoni um _ Q@g;'
hexaf | uorosilicate, cobal t hexaf | uorosilicate, iroh hexafluorosili- cate, =
sodi um hexaf | uorosiljcate, .nickel hexafluor05|llcat@, bari um -
hexaf | uorosi | i ¢at e and hydr oxyammoni um hexh$8%8o&i I'i cate. The 5
concentration OF the SiTicic acrd or siTrcate dissolved or dispersed’in the
aqueous s&al i ng. 40 I|qU|d is in the range from0.005 to 60 g/liter or,

more preferably, fr O%T’GmBO g/liter. ' 40 Recogni zable effects can be
obt ai ned even with- extlienagmwel ow concentration of as low as a few ppm
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conductivity of the seali'‘ng liquid which is di sadvantageous when the

sealing treatnment-is conducted.electrol ytically. as discusse4 bel ow.

| nprovenents in the.-sealing can be obtained by -adding to the’ ‘agueous

sealing liquid a small- anount. of apol yol, “e.g. glycerin, et hyl-enegl ycoI

propyl enegl ycol or: d| bt hyl enegl ycol a surface actl ve- agent b.e it-




55 a cationic, anionic, nonionic or anphoteric surface active agent, a

def oam ng conposition, 55 and/or a chelating agent. Instead of the sinple

di pping of the alumniumarticle in the aqueous sealing |liquid as descri bed

above, further inprovenent 1Tn the sealing effect and .corrosion resisrance
Ef the finished alumniumarticle can be obtained by an electrolytic

pal ing treatnment for exanple in 60 whi ch an AC, DC or DC-biased AC

Ol tage of 200 volts or below, preferably from5 to 110 60 volts, is
appl i ed between the aluminiumarticle and a counterel ectrode such as
stginl ess steel el ectrodethe al-##SA7um article being the cathode and the
starnr ess steel erectrode berng the anode when using a DC Voltage. The
frequency of the AC voltage is not critical but conveniently is thexs
convent.ional frequency of 50 or 60 Hz. The duration of dipping and the 65

tenperature of the sealing liquid in this el ectrol ytlc seallng t reat ment
can be the same as for 65 3

1, 583,537 - 3 '1“;3‘ e—fipping. It has been
unexpect edly di. scovered sLill fbettel repults inijt he' pr pperties of the
coat i Qg fil m. ang n.[t he appearance {of. t hg .fi-ni.i@ $hed]al pmnfum article, as
wel | jas|in t@Et@hl ity -of - ~h8 agyeous peay’ .ngg i qui d'-'_’OD.LdI ning the
silig¢ic|aci d:x(? ﬁ'c,"l Cab g & bg obtigined| by2 pulf ectd nep he:: $ -aqueous :

‘seal ifng] | |quf" r"1‘6r_ o jUs¢ tpb a prléfreal mehtl i'nlwhi ¢h an AC, DC or _

- DC- bifaspd ‘AC. 5 vol tagg Lofl .t ».ual Ly 120.yol.t $:-0r {bel gw $r . |{preferably,
from to 15 v Iuts i's gpplft: B> Zbet een el eet | o@.f;-'faf |f-of :exanpl e, stainless
steell Tpr 2 to g(ﬁfm nutes" andf nassed"’.th_r prdh |t |11 qyid]’ Fhe rechani sm by
whi c}}| -a1 i npr ovRiEAt| |3 @t_anéd i @Zh_e above. @ et r@jltent29f the
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sealing liquid is not well understood at present but presumably the
application of the voltage 10 |eads to better colloidal dispersion of the
silicic acid or silicate in the agueous sealing |iquid. 10 The effect of
the sealTng treat nent described above enploying an. aqueous sealing liquid
containing a silicic acid or a silicate is a primary sealing treatnment, an
may be suppl emented by a secondary seallng treatnent such as in a seallng
manner which is conventional in the prior art. The conditions for the
secondary sealing treatment are not criti C§§3 ﬁyt the foll ow ng 15
procedure is- flecomrended: T
15 Secondaky sealing treatnment is best effected wih. pressurized steamat a
steam of %.to0 6 [err] for 10 minutes or longer or with boiling water for 10
m nut es or | onger -i:n-hat.water-at a. tenperatu¢e i gher -t han [err], the.

wat er opt.ional | y -egntai ni_ag-sodi um-:car Bgnat-e amypr-a—pF trietha”J.a”,fe as
an auxiliary additive in|a Oncent;atlo'fjg' 1009 “to 1p/litegr. 201 - The
secondary seali hg ireatngnt follqmngg the;primary seal {ng trleat mept car
al so be 20 effectively GEid |ed qy§=dharicatlyumﬁth a pealirlg liqbid .}
contai ning*a salt ‘which .i|s & ni ckis ESL suchiaa [ni ciel: ac@t ategf . .-e
mol ybdat e such as amohi-Um i bedh%é‘”a phosphiard such{as Sddium |~ -

dlhydrogenphosphate Or. a-formehrorat e su nias:soalun1b|.hronate :E‘anbkes of
fornul ations of sealing l|igqids for Lchenical secondary} seal ing treatnert
are as follows: 25 Sealling with ajmgekel sal | siol uidon: @ifckel acetatle 2
to 5 g/liter; cobalt acetlatg Ig/lit -—ep ricEPBlaci &2 tosSq g/ Bler &tF to
6; tenperature of the soljutilon [err] or higher dnd trfatneqt timp 2t 30
m nutes. Sealing with a phodphate sol utipn: sofli ym or &nmonifum
di hydrogenphosphate 0.03 p#lliter; pHg tp 6; tenperatufe of fhe solution
[err] or higher; and treaf ngnt tlneééﬂgp 30 30{ _njnuteg. o~
30 Sealing with a bichronhtd sol uti &E=spdi ui® bEchromie 58 fo B0 g/Filker:
sodi um car bo-* - '
y + 40 E .
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nate 18g/liter (optional); pH 6.5 to 7.5; tenperature of the solution [err]

or higher; and treatnent tinme 2 to 20 mnutes. Sealing with a nol ybdate

sol ution: ammoni um or sodi um nol ybdate 1 to 2 g/liter; pH5.5 35 to 8.0;

tenperature of the solution [err[ or higher, and treatnent time apout 30

nut es. 35 If desired the prlnary seal ing treatnent- can be preceded by

Ohouring of the anodically- .oxidized surface filmof the al umi ni um

icle. The colouring can be perforned by any conventional .electrolytic or

_ emcal method. In the electrf %§ g colourlng, el ectrolysis is carried out
wigh an electrolyte solution pt? a3 d 4 in accordance with kiddwn met hods

by adding a small amount of a met al salt of an. inorganic 40 acid to an

agqueousy a%kgfntbgorgan|c acid or an ammonium amino -or imn R salt
t her eofsxi%m egﬁ‘ cafiidnt, Sheisiifid proedite wasiepcatedasinfEatmples Iabl or | des;
phos pbalnetead Ghe bpsouscshalip b silicic acuaeea silieate, %lust r ates of.

ni :;géep:ea er 3. 5 lth 5 . l’re:s%ﬁ?C' 2 %? &ﬁ gg gO| d. The
g;%db E - sole npn thilink 5 8/ i fateSP Mﬁdron is 45

typl c ahd@é}a@até aha455)ﬁtegbi bdrieracid Uempémbrbrﬂih pla§)|ls perfornmed at 5

to 750ambaranw&<ﬂxampleﬁtheslnnﬁhﬁma ghvaﬂﬁgl Idébe ?f{aﬁ estedctrol ysis -with
mm‘w& ﬂ%@‘%ﬂb@fé@é{g‘ Apaligg freatment While T qolppring vasmage 75,4001 t's

nof tra ! ot tﬁ@u&%n&hzﬁd e b ebEfthd Eesﬁigdnﬂ&tﬂ@ﬁ GOt therg | S obt ai ned.

Cheni Gramirs Bﬂﬁhngmmﬁmﬁ&ﬂmorﬂmﬂnbwodlpp|ng the alumiumarticle with'
anodi cal | y-oxi di zed .50 * surface |ayer -i-n.a sol ution of iron (111) sodi um
oxal ate-or iron (I'I't) anmmni um oxal ate - at ‘a 50 concentration of 1 to 10
g/liter.and at 40.to [err] for 1 to 10 mnutes. After having been subjected
to the prlnary and optional secondary sealing treatnents described above
“and, if- necessary, after having: been washed with water, the al ummi um
artlcle is dried and coat.ed MAth a coatlng conp05|t|on The coating |
conp05|t|on may be conventlonal : L _ ‘



55 and can be an aqueous sol ution, aqueous di spersion or an organic
solution. The principal 55 advantage of 'the sealing treatnent in
accordance with the present nmethod is that a coating conposition with a
drying or curing tenperature of [err] or higher, which was not used in the
prior art due to the problens of crack formation and insufficient adhesion,(::%%
L
[}

can be used for the finishing coating. Wth respect to the coating with a
hi gh tenperature-drying coating 60 conposition, a nethod is disclosed in
Japanese Patent Publjication 47-51092, which is _a ,60 conbination of a
primary seal i g treatnment with el ectrodepdsPi?¥n of a thernosetting resin ?
followed by curing in a drying kiln. Wth the nmethod of the present

i nventi onsexcel l ent sealing effects are possible with only the primary
sealing treatnent; In addition, the present nethod is not greatly
restricted in the selection .of.the coating process and.coating .can be by 65

el ectrodeposi tion, by-dipping—and by -eleectrgstatiec—epating:
65 4 _ ) ' _ - |'1,588, 5B7 3 I
4 I'n summari zi ng -t he |abpve| desgrijptijonjof "the invent|ve ngthed, | the.
potenti al advant ages [which| are| obt ailnalpl e wifth the¢ pfesent| mgthpd arg not
limted to inprovenment of fhe porfrogiop resiljstance¢ of the |-
anodi cal | y- oxi di sed gurfacp |ayerj off an al unj ni umjarticle |bythe sealling
treatment. Difficulty in qpaljty kontrgk~and the iinf eeins |appeafance |of a
coating film5 electrp 1@':)5133' ed on. |an | E8 & Qr ga%i%%ea @ pisi de |l ayer
arising fromresiduall i 'xb‘\.l;',-.i'_tﬁ ps | 5 |su¢ll as s@ e | ®esxing 4L | @ cr dpor es
can be conpletely elijm nat pddyst hg (B¢ Of ahcatviedit<zeal ighg S quid
containing a siliciclacid br siligatle. {The cprrosiionfresigtagceroftHe
alum niumarticles ottawnej %? the dbovye& pripary gealing tireatment cgn be
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secondary sealing treatnent with pressurized steam boiling water or
chemcals to give 10 resistance against alkali, acid and saline solution

| eadi ng, as a consequence, to excellent 10 finished alumniumarticles
aving coating filns superior in corrosion resistance agalinst hydrochroric
acdi d and sul phurous acid solution, in wear resistance and in adhesion to
[ﬁ e underlying surface as well as in appearance. The foll owi ng Exanpl es of
_the present invention and. Conparative Exanples serve to 15 illustrate and
to conpare the nethod of the i #IOH In the foll ow ng Exanples t he
arl@di cal y- oxi di zed alunlnlun1ég¥$e s were subjected to the DrPnary seal i ng
treatment with a silicic acid or silicate-containing sealing 1|qU|d and,
optionally, to the second sealing treatnent and then finished by soatlng
with a coating conposition |n one of three different ways as given bel ow.
The thus fi -cles- ted to exam nation of

“the seali df f ct after fhe coa fHlm O renoved with a paint
remover and tlo ¢xami nation of tlhe:prpperti onplex coating film
itself.. The doafing procedures|((A); (B). apd (C theftesting procedures for
the sealing gff¢ct and the testfi ng: pyocedyres r the properties of*the
conpl ex coatiing|fi| mare punwan- ized in the fof |l ow fng. 25 Coati ng
procedure (ﬁo Iestrodep05|t|(n wWth a wg el ect rodeposi tion
coating 2570 ossthn was: cargggd L. Ui {ng conposition at a
solids contert % Vel 525 BE ;S‘wﬁg gdifilum article as the
anode and [ st ailnl®ssembepk dod 6ot he sl ROES by app! ying ' . 140 to 180
vol ts DC vplTjagg T@r Z mputes [TolTowed by washj ng wjth mater and dryi ng by
heati ng at: v[e‘gr],gor.40 M nut ¢s to.give a finighed ¢oating filmof about 8
[err] thickngss. 3B Copting|procedure (B): The al ym ni:umarticle was

- dipped in p water-§ol ubl el coatijng 30.conpositipn of |a thernosetting
acrylic repin mjgp_a"solids.cortent pf. .26%by. wej ght ~ hy: wei ght
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at [err], gradually extracted at a speed of about 1 neter/m nute and kept
at [err] for 10 mnutes followed by drying at 1800C for 40 mnutes to give
a finished coating filmof about 8 [err] thickness. 35 Coati ng procedure
(©: The alumniumarticle was spray-coated wth a thernosetting 35 :
acrylic resin coating conposition diluted with an equal amount of a thinner
sol vent by use of a - spray gun driven with conpressed air. of 4 kg/cnRG
and dried with heat at [err] for 20 mnutes to give a finished coating fil 2,
of about 8 [err] thickness. Testing procedures for testing the sealing
effect. 40 - 111) Al kal i sol ution .droppind: 833 37 by the procedure specifiéd:
in JIS H.8681. 40 (2) Cass test: by the procedure using saline’
solution.waich is S0 l%lfgeg&@ JIS H 8681 wi.th the testing tine of 8 hours.
(3) Cape test: vi Sqﬂ)ﬁ Peithdy @&ah Qtmdnd itk E’&fsaé%ﬁ@lﬂfﬂﬂcdﬁhﬁhghﬁimﬁd@ﬂo@ﬁ
the change in the mhdsata:als tifE'r&m le 15 eonﬂary fealing eaﬂnwnaﬁasendennkmwhpnswﬁzeﬂmam

al uminium arti cI e (Example g;ag ‘Sat Exml E@ﬂm Uy olptipy ofpH 3.5 cpatajging 0.03

1Qy/ liter of sodi SHEP Ev q;fu&t@;%ngun&aakeﬁomemra
first to 3.75 wit lyest a@&%ﬁxhﬁmﬁ&b durk i8ized & Pable TW Helowo- Nor Mmal
sul phuric acid at [err] for 30 mnutes. Testing procedures for testing the

properties of the coating fHm—{hr—Adheshen -ofrthereoatirgr byt he
pr ocedur e speC|f|ed in Jl S A 4706 50 : | hpact: tlest] with| Du Pdnt
i npact tester: the inpact fest was |carried olit by df oprpr ng a pO meifjght of
1000 g froma height of 50|cmto the surface to| be tesft8d, and|the damage
caused in the coating fil m®ag. eacani ned:vilsual I'y.” The |t Eg ol the weijght was
. . : \ 0 ; - . >
spherical with a radius 'of 1f4 dngh. (3) Al kal} cofroskare test: b§
t heprocedure specified in JI S|Ag@06 af teri mrersion| " flod | & g ls
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55 hours in 1 % NaOH sol ution.
55 (4) Sul phuric acid corrosion test: by the procedure specified in JIS A
4706 after immer- sion for 72 hours in 5 % H2SQ4 solution. (5) Hydrochloric
acrd corrosion test; the sane procedure as specified in .JIS A 4706 but
ith 5% HC solution as the test solution and after 72 hours of i nmersion.
(6) Cass test: by the procedure specified in JIS K 5400 with 72 hours
rayi ng of saline 60 solution. (7) Corrosion' test with sulfurous acid
ol ution: 30. hours of |nnershq@ Isk a 1@6aqueous sol uti on. of sul furous acid
atl2[err]. (8) Corrosion test W i rsion in
wat er at [err] or higher. 65 The results of the above testing were rated
in 5 grades (I) to (V) with the follow ng scale. 65 1583, 537 &
5 (1) - Excellent (II) Gbod (III) Reasonable (IV) o Poor 5
(V) - Bad. - - ' 5
- Exanples 1 to 6 An- extruded bar of A-6063S alunlnrunrof H cross section

after degassing, etchi g anu | eROVR— P [STITSTWaE" nodlcally oxidized in a
17. 5@6sulphur|c acid-sql-ulion: at.Le r] by . :
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passing DC el ectric current 16 volts DC for 30 m nutes between the

al um ni um bar as anode 10 and an alum niumrod as the cathode with a
current density of 1.3 [err] to give an 10 anodically oxidized surface
| ayer of about [err] thickness and washéd with water. 18 al um ni um bars
t hus anodi cal ly oxi di zed on the surface were subjected to sealing treat rre

by being i mersed in various aqueous sealing liquids,containing a silicig
acid or a silicate, the nature, concentration, pH and tenperature of the
liquid and the treating time being indicated.15 in Table 1, and dried af
room t enper at uge.__Each _bar was further cod®®¥ith a coating. 15 13
conmposition in one of the three different.ways as nmentioned above. The -
condi ti on%o0f the eaIHn ol t ment;and‘coating as. well as the results of
the testing U”“”%ﬁ?‘@ﬁﬁi&ﬁ&taﬁ%&e@&r@w;ﬁl ﬂamgebﬁwﬁs ARP&xteUUSKOEE itia dertailn ¢ he

Table 1. 6 additives were added to the aqueous séaling liquiS ak ifidicated in Table IV below (Examples
6 [err] 1, 583, BBi6 12 and 19) or, along with the addition of an additive to the sealmglllg}gql,@secon ary _
'- 5 sealing treatment with pressurized steam of 5 kg/ cm? G pressure for 30 minutes'(Example 5

13) or with the same salt solution as in Comparative Example 4 (Example 15) was under-
“taken.: o ol : _

“"The conditions of the treatment and the results of testing undertaken for the thus treated
. and coated aluminium bars are summarized in Table IV. o

10 Examples.16 f020... - . . Tt e .

. ' The same experimental procedure as in Example 1 was'repeated except that each of the
aqueous sealing liquids was subjected before use to a pretreatment by applying 5 volts AC
between stainless steel electrodes immersed in it, the other conditions of the procedure being

: the same as in Example 1. S L . S
- 15 The conditions of treatment and the results-of the testing'undertaken for the treated and 15
coated aluminium bars are summarized in Table V below.. = -
I BN . R Loek Tow :

10
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8

1, 583, 537 8 Conparative Exanples 1 to 5. Excepting for the sealing
treatment, the sane procedure was repeated as in Exanples | to 6. Instead
~of the aqueous sealing Tiuid confaining a silicic acrd or a silrcate, the
sealing treatnment was perforned with deionized water at [err] (Conparative
anpie 1) water at 5 near boiling, [err] (Conparative Exanple 2)

essuri zed st eam of [err] pressure (Com 5 parative Exanple 3) an aqueous
g1t solution containing 5 g/l %§¥ gf ni ckel acetate, 1 g/liter of cobalt
¢tate, and acetate, and 4 a/1P¥e¥’f boric acid (CbnnaratlvehExaane 5).

I n Conparative Exanpl e5 the al um ni umbar anodi cally oxi di zedont he surface
was subjected toel ectrolytic colouring before the sealing treatmeni/hile
no col ouring.was .undertaken-in 10 the other Cbnparatlve Exanples )

10 The conditions of -the- treatnent and the results.of the testing

undert aken f or—these—eal-t—i n:ba.S'ar: strrrapzef—+Hr—Fapl e | | bel ow. 9
1,583,537 [erf] | "10. i | oo O 583 537; '
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11 1, 583, 537 11 Exanples 7 to 9. After a primary
sealing treatnment with aqueous sealing liquid containing a silicic acid or
a silicate as in Exanple 1, secondary sealing treatnment was undertaken with
pressurized steam (Exanple 7) boi I'I ng::Wai'€ri LEXanpl € 8) O arm agueous
solution of pH 5.5 containi ng 0 03 g/I iter 'sodi um di hydr ogenphosphat e

(Exanple 9). 5 The conditions of the
treatment and the results, of the testing undertaken for the thus treated
and coated al um nium-bars are summari.zed in Table Il below [err]

1, 583, 537 12 TS e . o 1.583.537 :

12 [err] . -13 — I, 583,537
13: Exarrplbs 10 to 15.
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The sane experinental procedure as in Exanple 1 was repeated except that
certain additives were added to the aqueous sealing liquids as indicated in
Table 1V bel ow (Exanples 10 to 12 and 19) or, along with the addition . of
an additrve to the sealing. Trqurd, a secondary 5 sealing treatnent wth
pressurized steam of 5 kg/cnm2 G pressure for 30 minutes (Exanple 5 13) or

s h the sanme salt solution as in Conparative Exanple 4 (Exanple 15) was
‘¢er- taken. The conditions of the treatnment and the results of testing
indert aken for the thus treated and coat ed alunlnlunlbars are sunmarized in
dsl.e |V. 10 . Exanples 16 td-383537 16

10" The sane experinent al procedure as in Exanple 1 was repeated except that
each of the aqueous sealing liquids was subjected before use to a \/
pretreatnment by applying 5 volts -AC between stainless steel electrodes
imrersed in it, the other conditions of the procedure being the same as in
Exanple 1. 15  The conditions of treatment and the results of the
testing' undert pkep—fFer—the—treatpd—ang—15 ,Uﬂch at nlnlun1bars are
summari zed in [fabj e V belom1 " [1.583.|537 14| .

14 [err] e g Do :
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- Table 'V
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98 .
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Example No
Silicic acid or silicate
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15 1. 583. 537

15 [err] 16 1, 583, 537 16 [err]
17 1, 583, 537
17 [err] 18 o 1,583,537 -

18 Exanples 21 to 26. The experlnental ocedure I n each exanpl e was nuch
the sane as in Exanple 16 except thdat dary sealing treatnment was

undert aken in each of the Exanples w th essurlzed steamof 5 [err] (;%;
pressure for 30 m-nutes (Exanples 2-1 and é with boiling water at 5 98C

for 10 minuted?(Exanple 22) or with an-aqie8¥d3%ol ution-of 0.03 g/liter oflZ
sodi um 5 -di hydrogenphosphat e mnth a pH of 5.5 for 10 m nutes (Exanples

23, 24 and~26) The L
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aqueous sealing liquids in the primary sealing treatnment in Exanples 24 to
26 were each adm xed with 0.01 g/liter of diethylene glycol as an additive
and the primary sealing in Exanple 25 was performed electrolytically by
‘dpplyrng 15 volts of AC voltage between the -I0 alumnium bar under
treatment and a stainless steel counterelectrode. The al um nium bar 10
usel in Exanple 26 has been electrolytically coloured on its surface. The
o¢Onditions of the treatnent and the results of the testing undertaken for
:k thus treated and coated ?EHE%iUJ““ bars are summarized in the Table Vi

18] ow. 19 1,583,537 18
19 [err] 20 | 1,583,537 ..
20 [ etghdmples ko 26. 1,583,537

21 Ex qﬂp‘r@stiﬁgnﬁl @rodédurdix kach deahpleawas mnth the samie s in Bxamplel Gaxcapt cal | y oxi di zed
on t that assgcrohépggsn?,&ngima@@a sandertaka in each of the Examples with pressurized- .~
steam of 5 kg/cm*G pressure for 30 minutes (Examples 21 and 25), with boiling water at "~
5 98°C for 10 minutes (Example 22) or with an aqueous solution-of 0.03 g/liter of sodium 5
dihydrogenphosphate with a.pH of 5.5 for 10 minutes (Examples 23, 24 and -26). The
aqueous sealing liquids in the ‘Erimary s¢aling treatment lp.Examgl’es 24 16'26 were each
aﬁmixed with 0.01 g/liter of diethylene glycol -as an additive and the primary sealing in T
Example 25 was performed electrolytically by applying 15 volts of AC voltage between the
10 aluminium bar under treatment and a stainless steel counterelectrode. The aluminium bar 10
used in Example 26 has been electrolytically. coloured on its surface. | :

The conditions of the treatmert and the results- of the testing undertaken for thg thus '

treated and coated aluminium bars are suffimarized in the Table V1 below. -



prior to the sealing treatnment, subjected to colouring either (1)
electrolytically by dipping the alum niumbar in an electrolyte solution
prepared by dissolving. 30 g/liter of [err], 5 25 g/liter of [err] and 15
g/liter of [err] in water and adjusting:to:.a pH of 5.6 at 5 [err] and B
el ectrolysing for 5 mnutes with the application of 15 volts DC or (2) :
chem cal ly by dipping the alum nium bar in an aqueous solution containing 5,/
g/liter of sodiumiron (11l1) oxalate and ‘having a pH of 5.2 at [err] for 3 {,2&
m nut es and 40 seconds. The sealing treatqg&g§3@nd coating were carried OUfy™~=
in much the sa% nmpnner as in the nrecedi Mﬂa,npl_ec with the 10 -

formul ati gns of the sealing quuLdé and the conditions of treatment as set

out in Tabke VII 10 below. The conditions of the-treatment and the results
of the testing undertaken for the thus treated and coated al um ni um bars
are summari.zed in the Table. 1,583, 537
22 [err] 23 , : T .
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24 1. 583. 537

24 As w Il be apparent fromthe foregoing Exanpl es and Conparative Exanpl es
treatnent of an anodically-oxidized alumniumarticle prior to coating when
carried out in a hot-.aqueous liquid containing a silicic acid or a silicate
which is soluble or dispersible in water can readily result in severa

vant ages: 5 (1) no cracks are formed in the anodically-oxidized

face |ayer after the sealing 5 treatnent even when it is coated with a

h tenperature drying_coatingséﬁgposition;«e.g. aqueous. sol ution, organic
OEMiti on ar aqueous.dispersion "By neans of electrodepositi nn,__zqﬁ ppi ng or

el ectrostatic coating followed by heating for drying at [err] or hi-gher;

(2) the high tenperature-drying coating conposition can be freely el ected

in accordance 10 with the intended use of the coated articles;

10 (3) no difficulty is encountered in el ectrophoresis when coating by

el ect rodeposi ti gr—gtre—toTthpextTe regse; of] the electric resistance of
the anodically. g¢xigli zed $urface}l-ayer-havi hg jn dropores; and (4) excellent
coating.fi|ms cdmg be obtained,ifres ilvej of| t He coati ng nmeans whi ch give
15 good adhesi gn &nd: wear [esi$ta : the cogting filmas well. as strong
. H . .. 1 o e n 27 . L .l . . .
corrosion resistan¢e . kp g?alg§1gp (I @81, acids and saline solution
-in a Cass:test. lIn|particulbr, It .h genlal o lunexpect edl y di scover.ed
that a pretreatrent of t:he ‘hqueopus itng(1 Jiquid can give still better
resul ts:of coati@|in which|ele¢try tage'|l s |applted to the sealing
liquid prior tofitg use:|Hie reEtho he| presgnt: i nvention is al so
. N - A . Y -] ol Bl e Y .
applicable to tHe 20 <hfaceL o H Lrjigii=arTijcl es col oured by any
conventi anal, nmegrsHol-owry—the—a —Z@—opt+dat i on. -
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VWHAT WVE CLAIM1S:-. 1. A nmethod of coating a filmon the surface oxide

| ayer of an anodically-oxidized alumniumarticle which conprises the steps

of 25 (a) sealing mcropores in the oxide |ayer by dipping the alum nium
articleTn an aqueous 25 sealing Trgm#iat~[err] or higher and contal ning
fromO0.005 to 60 g/Iltre of a silicic acidor a silicate dissolved or

di spersed therein,; (b) coating the thus treated alum niumarticle with: a @

coating conpositi on, and_drying or curing the coating at a tenperature of
[err] or higher. 30 . 2. A nethod as clainmed in claim1 wherein the
silicate is represented by the geperal..30.9350l a [err], where Misan 2L
al kali nmetal,x 1s an |nteger of 1 to 10 and y I's an integer of I to 10. 3.

A net hod s@ clal madgi(d {AV\herel nthe silici¢c acid or silicate
is-orthosilicic aci Egilgésp S hihmidthde an%q;émmxﬁnzu &ﬁh@mﬁ&ta@ﬁﬁm le 1 and,

silicate; potassi pfbi uﬁkmmg&est dne,aib@actea efraly ylb mppmgthe
sodi um met hyl si | i alminiup bardis & ﬂpr @by 1\[!!!&39 6

sodi um pr opyl S§ | 28 gi%ggﬁ'cﬁ smg or géubl%{,s tlcé i‘c::lg@t% l at
silicate; tet- ra i 'E':% lUQﬁ'lﬁfdl ﬁ/ﬁteﬁ&ﬂ dme.lmaﬁ (vnﬁ

hexaf | uorosili.cat %xalﬁm‘liaﬁﬁghﬁﬂaif 5.2 dtum&'fsﬂmmmteeand@fommtds The sealing treatments
hexaf | uorosi | i cat @ndmabmgm@fried@mﬁ Mg«zsemeg;? itha pregrsing mﬁgﬁh{}w

ni ckel hexaf | ud? o ‘P’lﬂ“@ﬂf”@ of thersealing figuidsrang fresop ?‘E‘éf’ “e%‘Pe“ﬁ%ﬁﬂ Bls Vi, 10
hexaf | uorosili- 4 The%hﬁtlons of the freatment and the results of the testing undertaken for the thus

40 4. A nethod as tﬁhﬁdﬁﬁﬁcdawdammnﬁdmbhmlawsumnm;zea imthe Tabler t he .concentration
of silicic acid-or silicate is fromO0.3- to 30: g/Iltre 5. A nethod as
claimed in any" precedl ng .cl.ai m wherein -t he artl cle is di pped I n the aqueous
sealing liquid in step (a for from2 to 20 m nutes




45 6. A nethod as: clained in any one preceding claimwherein the

aqueous sealing liquid 45 additionally contains a polyol. 7. A nethod as

clainmed in any one preceding claimwherein step (a) is perforned

el ectrolytically by applying an electric voltage between the atummnitum

artiN\cl e and a coun- terelectrode dipped in the. aqueous:sealing liquid. 50
- nmethod as clainmed in claim7 wherein the voltage is in the range 5 to

50 9. A nethod as clainmed in any one preceding clai muwherein

I|qU|d S subjected tqQ a pretreatnent

[ ein. "10. A

met hod as clalned in clai m9wherein the voltage isin the range from5 to 15

volts. 55 . 11. A nethod as clajnmed in claim9 or 10 wherein the\“r

pretreatment: vol tage is applied for,55 2 to .20 mnutes. 12.: A method as

cl ai ned i-n“any--one precedlﬂg clarn1mhere|n da secondary seal i ng treatnment

I s carrled"ft': _;vsen -Step- (8) {h 13—A—petRodnas clainmed in
claim 12 whe¢rgin the secondary $i nt i's -farnied 60 out W th
pressurizedj SERRT S I S R U DU UL R 60
14. A et ho( aineggi -el-aiim” e segohdally. sleal i.ng treatnment
is carried i1 e POElE Mg vt r 1qd- ‘as) c| aipe@fi.n cl ai m 12
wherein the pd §S58a | naEZ Y e ri‘ed|-opit g & -a Salt
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24 1, 583, 537 24
As wi| be apparent fromtheforegoing Exanpl es and Conparative Exanpl es
treatment of an anodically-oxidized alumniumarticle prior to coating when
carried out in a hot aqueous liquid containing a silicic acrd or a srircate
which is soluble or dispersible in water. can readily result in several
advant ages: 5 (1) no cracks areyf: - the anodi cal | y- oxi di zed
surface |l ayer after the sealing-'5 t Ent: even when it is coated with a }'j/
hi gh tenperature drying coating corrp05| tion, aqueous sol ution, organic
sol ution or aqkous dispersion, by neans o\‘sgl’ségtrodepom tion, di ppi ng or 23
el ectrostatic coating followed by heating for dry| ng at [err] or highér; " -
(2) t he~kisgh t enper atur e-dryi. ng-coating conposition can be freely sel ected
in accordance 10 =wi-t h-the.intended. use of the coated articles; = i

10 (3) no diffi cu}ty i s-'encount.ered i n ‘el.ectrophoriesi.s when coat i ng by

el ect rodeposi ti.on,due to thereyrerp i.._“.lcrcasc ot—trhe s+{-+e—resi st ance of
the anodical ly oxidized .surf: ace .l aypr: _h,;a\;l ng m¢r : and (4) excellent
coating filnms can. ‘be- obt-ai: neal -rrespegti e oflthe .'_Teans ‘whi ch’ give
15 good adhesi on and ‘wear” res| st ange of |the foatif “as. wgl | - as strong
corrosion. ¥ esi:stance - 15 aga) hgt -al kalli qol ut|on,: i salli ne. sol ution
ina Cass fest. In particulaf,|it hpas|bggn alfo Pl difscover.ed
that a pretreatnent of the agtipous® s2al ENE 1 |F¢Si “stfi .17 better
results of coating.in which plpet+ip—yoltage—1-s1af -t_he-seal ing .
liquid prior to its use., Thej ngthod|of tHe present i on.-i:g-also. .
applicable to the 20 surface§ of alam gi um. arLigll Sd "l;y__'any' Co
conventional neans fol | ow ngjThe ampdic™={Z0: okT ¢at SO
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VWHAT WVE CLAIM1S:- 1. A nethod of coating a filmon the surface oxide |ayer
of an anodi cal |l y-oxidized alum nium article which conprises the steps of 25
(a) sealing mcropores_in the oxide |ayer by di pping the alumi niumarticle
i n an-aqueous - 25 sealing liquid at [err] -hi gher and contarmi mg—from
'0.005 to 60 g/litre of a silicic acid or a 5|I|cate di ssol ved or dispersed
therein, (b) coating the thus treated alumniumarticle with a coating

osition and (c) drying or curing the coating at a tenperature of .
] or hlgher 30 2. A n'ethg:g§ claimed in claim 1 wherein the

si| 2Bate js. rporgsented by the 8 B3l 30 formula [err], where B#is an.

alkali metal,x is an integer of 1 to 10 andy is an integer of | to 10/3 A

met hod ais@hladegﬁgtren?fr&h aie@arégo‘ﬂﬁ estan@Ciﬂlﬂéa!rﬁj E?agﬂé?es? thbaof 21 € It%-l

ort hosi du dﬁb&icaﬂ%ﬁdméﬂiiltﬁﬁhﬁlmﬁt&leﬁﬁio to cBAM aéobd!M si-l ircate;
pot assi liqwidgontaning a silici¢ mcl:mta@ljlcas@uuctm sbt.'ub e oatispmtblumwatet camaéaﬂ;ly sodi um
catde o i-u but I | cate; .35 sodi um

ety SeTiCA e RSy ey )

pr opy! s D ST it e o Trﬁ'lﬁgh Picate; tet-

r amet hampbanisslatc, bigatié sluton o il déﬁtisQﬁdp ﬂsiﬁh by 0Iﬁuor osilicate;
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40 4. Aormt értlmémasinoﬁ'daéa oferble er:lactgtt’lljemﬁrt)gnce loathar&nédldany Oxi J,[g OIHH 4 concen‘t ration
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In particular, it has been also unéxpéctedly discovered that a pretreatment of the aqueous
sealing 1 liquid can give still better results of coating in which electric voltage is applied to the
sealing liquid prior to its use. The method of the present invention is also applicable to the

20 surgaces of alummxum artlcles coloured by any conventmnal means followmg the anodic 20
oxidation.

WHAT WE CLAIM IS:- - ' o

1. A method of coating a film .on the surface. oxide layer of an anodlcally-oxxdlzed
aluminium article which comprises’ ‘the steps of

25 (a) sealing micropores in the oxide layer by dipping the aluminium article in an aqueous 25
sealing liquid at 80°C or higher and containing from 0.005 to 60 g/litre of a silicic acid or a
silicate dissolved or dispersed therein,.

Eb) coating the thus treated -aluminium article with. a coating composmon and

c) drying or curing the coating at a temperature of 140°C or higher.-
30 2. A method as claimed in claim, 1 wherein the silicate is represented by the general .30
fc%rinula JBM;O .ySiO,, where M is an alkah metal xisan mteger of 110 10 and y isaninteger
of 1 to 10. -
3. A method as claimed-in claim 1 wherem the silicic acid o silicate is- orthosmcnc acid,
- metasilicic acid, sodium silicate; potassium silicate; potassium aluminium silicate; sodium
35 aluminium sxhcate, sodium methylsthcate, potassium methy]snhcate, sodium butylsilicate; 35
sodium propylsilicate; lithium propyls:llcate, triethanolammonium silicate; tet-
ramethanolamine silicate; hexafluorosilicic acid; zinc hexafluorosilicate; ammonium hexaf-
luorosilicate; cobalt hexafluorosilicate; iron hexaﬂuoroszhcate, sodum hexafluorosilicate;
40 nickel hexaﬂuorosﬂlcate, banum hexaﬂuoros:hcate, or hydroxyammonium hexafluorosili-
cate. 40

4. Amethod as clalmed in any of clatms 1to3 wherein the concentratlon of silicic acid or
silicate is from 0.3-to 30 g/litre.

5. A method as claimed. in an precedmg claim wherem the artlcle is dipped in the
aqueous sealing liquid in step- (a) for from:2.to 20 minutes.-

45 6. A method as claimed in any one precedmg cla1m wherein the aqueous sealmg hquld 45
additionally contains a polyol. -

7. A method as claimed in any one precedmg clalm wherein step (a) is performed
electrolytically by applying an electric voltage between; the alumtmum article and a coun-
terelectrode dipped in the aqueous sealing liquid.

50 8. A method as claimed in claim 7 wherein thie voltage is in the range S to 110 volts. 50

9. A method as claimed in any one preceding claim wherein before step (a) the aqueous i
sealing liquid.is subjected to a pretreatment of applying an electnc voltage between elec- :
trodes dipped therein.

10. A method asclaimed in claim 9 wherein the voltage is.in the range from 5 to 15 volts.

55 11. A method as claimed in claim 9 or 10 wherem the pretreatment voltage is applied for .55
2 to 20 minutes.

12. A method as claimed in any one ptecedmg clatm wherem a secondary sealing
treatment is carried out between step (a) and step (b).. -

13. A method as claimed in claim 12 wherein the secondary sealmg treatment is carried

60 out with pressurized steam. 60

14. A method as claimed in claim 12 wherein the secondary sealing treatment is carried

. out with boiling water.. .

15. A method as claimed in claim 12 wherein the secondary sealing treatment is carried
out with a salt solution.

65 16. A method as claimed in any one preceding claim wherein the aluminium article is one 65

-,



net hod as. clainmed in any one preceding claimwherein the
Ay | iquid 45 additionally contains a polyol. 7. A nethod as
clainmed in ¢/ one preceding claimwherein step (a) is perforned ,

el ectrolytical R¢-by applying an el ectric voPEh hetween the al um ni um 24
-article and a coun- terelectrode dipped In the aqueous sealiTng Iiquid. 50

8. "R"nethod as clained.jn claim?7 wherein the voltage is jn_the range 5 to €
110 a2 50 5. g Bl RS Eie s e e
before step (a) theuAdRaidmg s siadic 48 drh &t VchS SRR Bl -sﬁeesiaem%ﬂ;&%aﬂsgaﬁi
of appl yi ng an el eesultiig sevetat adyantiges:ween el ec-..t rodes di pped. therein. 10.” A

met hod as cl ai md j flcingisacks aaecfemed infibe 'ca%ewqi@zeiﬂ urfaee hyahegigerrqhgmasng 05
v 5 e R T D B
pretreatment vol t aggpingSordRidirbseitic ceUting Bolidwé afidg Tt @Fing a'140°C DERigHee; AS -
cl at rfed in any ogne f#)ec¢tighgenpesature-duytingreedting eonpositorctan be feelylsélentediin eedrdancd

is carried out 1Betvidkthe intende of the caat igJes; 13. A nethod as claimed in 10 °
CParm 12 whorei | S QRTINS Reeerhr el bbbty
pressurized steam having micropores; and - - o o y .
60 .14. A nethod_as {4)aieraetient roatihgfilms ¢4h betobtaimedirtelpective obthe evaging medns which give
treatment is carrigogd fhesiog and wsat esisiancn ek the coating film apwell asqtreng comasiopaerisiagee 15
ainst alk gﬂaolux n, acids .afnd s r,lea%:l}]utlon %s erstr.. .
AR Al e hlbg ithe e [ Bbtovdrsd sl préiflaihe Hilegikondl t

45 6. A
aqueous seg

claim 12 wherein t%ﬁ,

solution. 65 14zalind 1 igi exil give stitll battéTResults bf eoaYingin @hiok & vOllage sapplicdforrei N
the al uni ni um aat | sefling jliquid peior t@ 8s use. The method of the present invention is also applicable to the
. ' sul:fiacgs of aluminium articles coloured by any conventional means following the anodic 20
oxidation. _
WHAT WE CLAIM IS:-
1. A method of coating a film on the surface oxide layer of an anodically-oxidized

: aluminium article which comprises the steps of :

25 (a) sealing micropores in the oxide layer by dipping the aluminium article in an aqueous 25
sealing liquid at 80°C or higher and containing from 0.005 to 60 g/litre of a silicic acid or a .
silicate dissolved or dispersed therein,

£b; coating the thus treated aluminium article with a coating composition, and
¢) drying or curing the coating at a temperature of 140°C or higher.
30 2. A method as claimed in claim 1 wherein the silicate is represented by the general 30
fc;rinu]a )BMZO.ySiO 2, Where M is arr alkali metal, x is an integer of 1 to 10 and y is an integer
of 1 to 10.
3. A method as claimed in claim 1 wherein the silicic acid or silicate is-orthosilicic acid,
- metasilicic acid, sodium silicate; potassium silicate; potassium aluminium silicate; sodium
35 aluminijum silicate; sodium methylsilicate; potassium methylsilicate; sodium butylsilicate; 35
sodium propylsilicate; lithium propylsilicate; triethanolammonium silicate; tet-

: ramethanolamine silicate; hexafluorosilicic acid; zinc hexafluorosilicate; ammonium hexaf-

( luorosilicate; cobalt hexafluorosilicate; iron hexafluorosilicate; sodum hexafluorosilicate;

' ' 40 nickel hexafluorosilicate; barium hexafluorosilicate; or hydroxyammonium hexafluorosili-

cate. - ' .

4. A method as claimed in any of claims 1 to 3 wherein the concentration of silicic acid or
silicate is from 0.3 to 30 g/litre. ' _

5. A method as claimed. in any preceding claim wherein the article is dipped in the
aqueous sealing liquid in step-(a) for from 2 to 20 minutes. '
45 6. A method as claimed in any one preceding claim wherein tlie aqueous sealing liquid 45
additionally contains a polyol. - . . e ) )
7. A method as claimed in any one preceding claim wherein step (a) is performed 2

electrolytically by applying an electric voltage between the aluminium article and a coun-

~ terelectrode dipped in the aqueous sealing liquid. :
50 8. A method as claimed in claim 7 wherein the voltage is in the range 5 to 110 volts. 50

9. A method as claimed in any one preceding claim wherein before step (a) the aqueous 2

sealing liquid is subjected to. a pretreatment of applying an electric voltage between elec-

trodes dipped therein. ' o
10. A method as claimed in claim 9 wherein the voltage is in the range from 5 to 15 volts.

55 11. A method as claimed in claim 9 or 10 wherein the prétreatment voltage is applied for 55
2 to 20 minutes. . ) '

12. A method as claimed in any one preceding claim wherein a secondary sealing
treatment is.carried out between step (a) and step (b).-
13. A method as claimed in claim 12 wherein the secondary sealing treatment is carried
60 out with pressurized steam. - : 60
14. A method as claimed in claim 12 wherein the secondary sealing treatment is carried
out with boiling water. ' -
-15. A method as claimed in claim 12 wherein the secondary sealing treatment is carried
out with a salt solution. :
65 16. A method as claimed in any one preceding claim wherein the aluminium article isone 65
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25 1, 583. 537
25 whose surface |ayer has been col oured before the dipping of step (a).
17. A method as clained in any one preceding clai mwherein the alum nium

article is of alumMnium 18 A nethod as.clal ned 1 any one of craims 1o
17 wherein the alumniumarticle is of 5 an alum nium all oy.

5 19. A nethod of coating a filmon the surface oxide |ayer of an :
anodi cal | y-oxi di zed alum niumarticle, the nethod being substantially as
described in any one.of the Exanples herei?. igﬁ An al um nium article when '?L@
coated by a nmetfad as clained in any one p gg "ng 10 claim 25

10 MARKS AND CLERK Chartered Patent Agents 57-60 Lincolns Inn Fields London
WC2A 3LS 1os whose surface layer has been coloured b€ Pe Stidpilg of plicant (s)
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19. A method of coating a film on the surface oxide layer of an anodically-oxidized
aluminium article, the method being substantially as described in any one of the Examples

. herein.

‘: 20. An aluminium article when coated by a method as claimed in any one precedmg

* "10  claim. 10
4 : MARKS AND CLERK a

Chartered Patent Agents
57-60 Lincolns Inn Fields
_ London WC2A 3LS
15 Agents for the Applicant(s) Co 15
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