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ABSTRACT

A number of soluble inorganic compounds were used in
reactions to deposit insoluble colored precipitates
(pigments) in the pores of anodized aluminum alloys. Many
colors and shades were obtained by using the variables of
time of immersion, temperature and concentrations of the
coloring solutions. The effects of the alloying constituents
were observable in the colors obtained.

There is a notable scarcity of inorganic compounds which
can be used to produce a black or olive drab color on
anodized aluminum.

Alundum blasting improves variability and depth of
colors. By proper control of the hard anodize prodess,
excellent shades of light-fast, nonreflective olive drab
colors can be produced.
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RECOM•ENDATIONS

It is recommended that aluminum parts, which are not
to be painted but must have camouflaging, be alundum
blasted and dyed by the inorganic dyeing process. The
alternate method of coloration should be the modification
af the hardcoating process (Finish 7.5, Table VII, MIL-
STD-171B). The method of protecting material against the
effects of light using 9 oxa -9,10 dihydrophenanthrene 10-one)( 1 )
as proposed by t U.S. Steel Corporation and the invention
of Ben H. Kirby, •. assigner to Aluminum Company of America
and Koppers Company, Inc., on "Coloring of Oxide-Coated
A!•uminom," should be investigated. Time did not permit
inrestigations of these processes.
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HIGH TEMPERATURE~, NON.-REFLECTIVE EROSION

RESISTANT ALUMINUM FINISH

OBJECT

To develop a nanfadmt~g, hi-gh temperature resistant,
_9':Lve drab c~r dark gr-ayv cca-ting for alumi.n~m to replace

ra.nt z.-n rockets,, missiles znd launching equý.pment. To
extend the life and redl,7ce the weight. of rockets and missiles
for improved performances.

INTRODUCT 7ON

The weigh-, fact-or cf rackets, missiles and launzhing
eq,. .4_peD*. necesstý!ates the use of the lightest, metals for
gre~i-er~ range and perfo~rmance. In the select-ion of these
metals ,,he pr.:blev. of durabili.ty ','s Lxportant. The strength

of~estruc~t,,;rrl r~rasnot only depends on the compost-
nin-n c~f -he alc.b,., also on th~e~r corrosion resitability.
Ccf ros4 -o , ,IFthe Gf.M.ge of -ls im general, b~c.t especiz.1ly
Aý ý.he sc-c-alled 1.4gh-, netaills. A`!."2ghtwe:ýght prrotect-!1ve

c~acing Ls desired.

1bl.s wc fk was ra~rt:.ou~vlarly ccnserned with -the aluminum
ý213oys. AncdiZr",g of alumitnUm isa xe-etmthod of

~~econ Ioslf.For camouflage reascns thls excellent
c::~ .s over~c-c~ced wizh an ol"iýve drab paint. Thi-*s

proýblenr was undertaken develop a camnouflage coa,,,tin1g for
*~Ala mnux~~ prts~ acoaing which was prcperly light'-

fsc.:rcs.Icn resist~anr., weart resistint, rozref]lect-j-,e and,
abeove a.111 lighter Imo weight.

Considerable work has been. done Im thlis coun4.ry and inl
Eu~~rCpe Inclrng of aluminum,. but In general the eclcrI~ng

r.E.dJ,:. h~a6ve been restr.Ited toa vax-fous crgantc dyes. Watte.
~oibedyes-luffs do noet., as a fclass, pro~vide a des.IrT

1igh-faist co'lor-'g on oxide c~a-t~ed alumini.,m surface.%-
Ve:ry ýL-tzle wovrk has been reported im the inorgarnic dyeing
f.'-eld, becalusep of the lirmltaticns on the ava.Aable inorganic

~h~al.wbh:Lch cazn produce a desired color. Sonte work was
dc-ne in an, effr.:rt t.c produce an oDlive drab color sixuul`Zane-

w:!.H_ Y,2th ý,he anoldtzing i-.rr-e ss.

I'he pzrocess referred to as Finish 7.5. Table VII of
MIL-STD-171B proýdluces a dark gra~y color on al~uainum, but
~h poess '_.s ecno.al Presently, this process is

be:.ýng %Lsed at th-_s Arsenal1 on several compcnernt1.s oflan-
•,ng eqtL..pment;,.

The Aluizt-num Company ef Amer~ica has a patented c'rocess(l)
which produtceS a black ffln~sh on alum.in~m.. AL"COA als~o has
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done work on inorganic chemical Weing. The Kaiser Aluminum
Company also has a light process ), which produces colors
ranging om a light tan to black. S. Wernick and R.
Pinnir 6 stated that various colors can be obtained by
consecutively treating aluminum with combinations of two
inorganic compounds.

PROCEDURE

Various p.rocedures in surface preparation were used.
The first step always Included vapor degreasing. This was
followed by :.mmersion of the test pieces in an alkaline
etching solution, varying the time of immersion. Smut
formation after rinsing necessitated an acid dip. The
alkaline etching solution was made-up by dissolving 28
ounces of sodium hydroxide in one gallon of water. Immersion
time in this solution was varied in order to change the pro-
file of the aluminum surface. Continuing the etching opera-
tion beyond 10 minutes did not appreciably further improve
the metal surfface fxr anod:f.zing.

Two acid dipping solutions used in this step to remove
smut and surface Impurities were of the following compo-
sitions-

By velums: 1. 85% phosphoric acid (85-,87%)
1.. 15% nitric acid (69-71%)
2. 15% nitric acid (69-71%)

85% water
Other metal pretreatments prior to cleaning included buffing,
roughen ng by emex, paper and alundum blasting.

The aradizIng bath contained 12 ounces of sulfuric acid
per gallon of water. A 60 gallon tank was used In this
process.

The temperature was maintained at 70OF ± 1O0 F, the
voltage ws held at 15 for most processing and the current
density ranges were between 2 and 14 amperes per square
foot. The period of anodizing was varied between 10 and
120 minUtes0 Various solutions of inorganic compounds were
used in' the coloring process. The inorganic compounds were
used at different concentrations, times of immersion and
temperatures.

A group of panels of each alloy was anodized according
to the Martin Hardcoat process (Finish 7.5, Table VII of
MIL-STD-171A). The only deviation from the normal procedure
was the time of processing. This was done to investigate.
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the possibility of obtaining a color other than gray-black.
As the test panels were withdrawn at different intervals,
they were rinsed and immersed in the dichromate sealing
solution°

To test the feasibility of obtaining a black appearance
s~multaneous with the anodizing process, the finest carbon
blacks were obtained. During the anodizing process the
acid solution containing the fine black particles was con-
stantly stirred with the expectation that the fine particles
would be trapped tn the pores of the anodic coating.

Test panels of 2024, 5086, 6061 and 7075 aluminum alloys
were hard coated for controlled intervals, voltage and current
density. The results of these tests showed that the best
colnrs ft:r each alloy can be obtained in the period indicated
in Table I beluw•

TABLE I

HARD ANODIC COATINGS

Immersion Current
Period Time Dennjty
NYo Minutes Voltage Amps. 2024 5086 6061 7075

1 30 29 90

2 40 32 120 X X

3 47 39 136

4 55 58.63 129-120 X X

Further anadizLng of 5086 and 6061 would result .in the
very dark shades.

Represertative test panels were placed in a 50 salt spray
( fog) cabinzt to determine corrosion resistance. Fade re-
sistance tests were carried out on the colored test panels
on the Type FDA-R ATLAS Color Fadometer. Representative
panels were checked for coating weights and thickness of the
anodize coatings.

Refloctivity tests were made on colored test panels using
the Hunter Multipurpose Reflectrxmeter.
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RESULTS AND DISCUSSION

The chohnte of the alloys of aluminum used in these
experiments was governed by representatives of the alloys
currently used by the Army.. The following alloys were
chosen: 2024, 5086, 6061 and 7075. 2024 differs from the
other alloys, since it contains a considerable amount of
copper (3.8 - 4.9%) and nickel (1.7 - 2.3%). 5086 differs
mainly in the percentage of magnesium (3.5 - 4.5%). 6061
is constituted by more evenly balanced percentages of alloy-
ing elements. 7075 dIffers by having a medium amount of
copper (1.2 - 2.0%) and a very high percentage of zinc
(5.1 - 6.1%) in its make-up. The silicsn content of these
alloys is about eqnal. The percentage of si2icon is low.

Since the organLc dyes used in coloring anodized alumi-
num are not light-fast, this work was directed toward the
investigation of ather coloring processes. The process of
chemically preclpitating inorganic pigments in the pores of
the oxide layer was investigated. Using such inorganic com-
pounds as lead acetate, ammonium sulphide, potassium di-
chromate, ferric ammonlum oxalate, cobalt acetate, sodium
sulphide and yntossl2m sulphide, various culors, including
olive drab,were fccnmedo

In the ase of inorganic compounds as the dyeing media,
the effects of different alloys were discernible. However,
metal pretrentment;s and anodizing conditions were more
decisive as contributlmg factors in the effects obtained.
The sealing step variables- time of immersion, temperature
of solution, pH and the solate in use had to be taken into
consideration.

Since the alkaline etch followed by acid dissolution of
the surface inpurities of the alloying elements, did not
seem to be effective in prtoducing a very dull sarface on the
different alloys, it was reasoned that blasting might produce
a good surface fst dyeing. On the blasted surfaces the
rough profile remained after anodizing and the increase in
surface presented an increase in pores. This promoted good
dyeing on all alloes. The depth of color was controllable.
This method of surface preparation assures a successful
treatment.

Alkaline solution (room temperature) etching of
aluminum is a necessary step in surface preparation. Be-
yond a certain immersion time, such as 15 minutes, there
was only insignificantly effective changes in the surface
profile. After the a]kaline immersion and thorough rinsing,
a nitric acid dip removes any smut that remains on the
surface.
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The following three acid solutions were used with equal
success:

By volume: 85% phosphoric acid
"1 " 15% nitric acid

Room temperature 2 - 5 minutes

2 "15% nitric acid
85% water
Room temperature 2 - 5 minutes

"3 " 10% hydrofluoric acid

"10% nitric acid
"80% water
Room temperature 2 - 5 minutes

The hydrofluoric acid in solution No. 3 dissolved any
silicon remaining on the surface.

AnodAzing for short periods such as 10 to 15 minutes
proved unsuccessful in the production of quality dyeing.
Longer periods such as 30 to 60 minutes were necessary to
ready the surface for they dyeing step.

There are many theories regarding the enlarmgeent of the
pores in the aluminum oxide film. Keller, et al'" suggest
"that at the beginning when a pore has started, increased
current flows through this point and causes a local rise in
temperature. This rise in temperature causes more rapid
chemical dissolution of the oxide in the pores, which ex-
plains the mechanism of the depth increasing process." It
follows then, that in order to obtain a surface conditon
which is conducive to good dyeing and corrosion resistance,
longer periods of anodizing are essential.

During the experiments of precipitating inorganic pig-
ments, a great number of colers and shades were obtained.
Since this work is mainly concerned with dark grays, blacks,
and olive drabs, only those tests pertinent to these colors
will be discussed.

A very dark brown, nearly black, color was developed by
immersing an anodized aluminum panel in a solution of lead
acetate (20 oz/gal) for 5 minutes at 125 0 F, rinsing and
Immersing in a solution of ammonium sulphide (30 ml/liter)
for 10 minutes. This resulted in a nearly black color. The
reaction is as follows:

Pb(C 2 H3 0 2 ) 2 + (NH 4 ) 2 S-* PbS + 2 NH4 (C 2 H3 0 2 )
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Experience from various tests proved that the use of
ammonium sulphide was the best compound for supplying the
sulfide ions. An excellent biack color can be obtained by
this reaction.

It was reasoned that stnoe yellow and blank are the
colors with which an olive drab color is produced, that it
might be possible to, ca.0,e a reaction between a yellow
producing c'nmp.:,ind and the black dyed aluminvm tvo produce
an olive drab. Potrass:tiun dichromate was used ta supply
the yellow pigment In this procedure. Different dilutions
of the dichr(mat:e (1 gm per 100 ml to 24 gins per 100 ml)
were employed. By cntrolling the depth of black coloring
and the Ammerslon time in the dichromate so]ution, varioes
shades of eolive drab or a greenish hue of olive drab could
be produced. Also, by using the less cuncentrated solutions
of dichroste ?nAnd:IP:t•rg the temperature tn, 180c; to 2100 F,
simultaneo,.ý rcYraatl n and seal:1,ng c~iul.d be effected.
The dichr ;e :,eacts w:l.th the uncombined lead acetate in
the pores t: f•':r_ the yellcw lead ehr•,mate pig)Aent. This
reactlon ca.n be a ssi.med to, be'

Pb(C 2 H30)2 + K2 Cr0 4 --' Pb CY0 4 + 2K(C 2 H3 02)

Therefore, -.:he c(- oiring elemen-;s ,:ýe the Amnsc •i•ble. eCOmmpolnds
lead sulphide and lead d:chr,),:i.e. The above reaotluons can
be prnduced in xeverse wl,',h eq',ual success. In other words,
after the ye,]l.w i-,lcor is effe•ted, black can be imposed to
prrjduc.e an olIAve drab colez. The Lbooe procedu-es produced
an excellent oo,•"ing on the 2024 all':y. Color .ontrol on
tbe 5086 and 6061 a:llpys werc less sa.ccessful.

Rinsing th',froughly after, each step ',s : p atre 9 since
the c,]dcing wws', be .In the pr<e only. Any deps!.';,.n out-
side the poires we,,A.d presen'; a, lose powder.-like layer with
poor %tdhes E:,,cn.

Using the above metal stlt soaluions on alundum-blasted
aluminum surfacrs, cel,:Lmr tontrnl was completely successful.
The contral of the sh.de and reflectI:v!ty of the olive drab
was very fleisbJe.

Hard an L;(d:ze ,ated panels of each alloy and Anorganically
dyed panels cf eaah alloy, blasted and unblasted, were placed
in an oven s'• 500 F fo'r 40 minutes. There was no thermal
breakdown. The temperature was raised to 750OF for 40
minutes and slight fading occurred on all panels. The great-
est effects showed on the, hard coated set 0nddbas';ed panels.
The temperatee was raised further to 1000i F and held for 40
minutes. Nn further effeý;ts were observable.
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The possibility of using a very tine (channel) anionic
carbon black and producing a black anodized surface was
investigated. The carbon black beads were broken down by
the use of an osterizer. Using the carbon black suspension
a sulfuric acid anodizing (17%) solution was made up.
During the anodizing process constant stirring was in effect.
The results were negative. Since the pores cannot absorb
slid pýgmonts according to H. Bengston(8), solutions which
can produce pigments in the pores must be used.

In the salt spray test (5%) early (within 4 huurs)
corrosian developed on the unblasted inorganically dyed
panels of each alloy. The alundum blasted (5086 and 6061)
panels began to show corrosion by 312 hours. 2024 (blasted)
failed at 4 hours. The hard anodize coated panels were
still corrosion free at 1694 hours (121 days).

Results of the 400 hour Fadometer test was insignificant
s•.sce no 1(.ss of color was :1,ndicated on alloys which were
lnc~rgan;:.cally dyed or bard coated. This result completely
ove.rshadows the Fadometer test on organic dyed anodized coat-
Ings. The organically dyed coatings had faded considerably
:.n ,:he Fadometer by the 200th hour of exposure. At the
end cf the 400th hour the colors had faded to the point of
unacceltab••ity. Referring to Federal Color Standard No. 595,
n•te swO-h a differenye as that between colors 34087 and
34128 of Table VI.

CONCLUSAONS

When consi:.dering the results of such tests as color-
ablll.ty., cs:rros.on resistance, heat resistance and reflectivity,
alloy 5086 perf6rmed the best.

2024 alloy was most amenable to coloration.

Alundum blast:?ng inproves corrosivn And'b.&-t resistance.

The hard anodize colated panels were very cnrrosion re-
sistant but did lose some color when exposed to extremely
high temperatures.

Alandum blasting is an importast factor in producing a
nonrefleotlve and adherent colored coating on aluminum alloys.
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