Hard Anodizing Behavior of Aluminum Alloy DTD5124
Containing  Varying Amounts of Impurities Under
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The influence of various additives in hard-anodizing| stituent intermetallics in the growth direction of an anodic
electrolytes to counteract the detrimental behavior of | film inhibits the further growth of the film. This results in a
Al ,(FeMn),Si particles in aluminum alloy DTD 5124has | steep rise in bath voltage; consequently, the coating formed
been investigated.Studies reveal that the addition of a is defective, with a non-uniform, burned appearance. The
small amount ofhydrochloric acid, nitric acid or ammo- | degree of defects depends on the level of impurities, particle
nium nitrate in sulfuric or sulfuric-oxalic acid electrolyte | size and their orientation to the direction of film growth.

is capable of counteracting the inhibition of hard-anodic| The present studies were undertaken to investigate the
film growth resulting from the presence of constituent influence of some potential additives in hard-anodizing elec-
particles of impurities. The small amounts of these trolytes to counteract the detrimental behavior of impurities.
additives enables the electrolyte to dissolve the constitu-The studies were aimed at resolving an industrial problem
ent Al (FeMn),Si particles during film growth. The | where the specified hard anodic film thickness (8Q85
optimum concentration of additives and other hard anod-| could not be formed successfully on a particular supply of
izing parameters have been evaluated. DTD 5124 alloy.

DTD 5124 alloy is a high-strength aluminum alloy used|fdxperimental ~ Procedure
making a wide variety of structural components for spadéxperiments were conducted on samples of DTD 5124 alloy
craft, rockets, aircraft and armaments. Aluminum anodizaith two different levels of impurities. Alloy 1 contained
tion has immense technological importance. Hard anodizidd 2 Fe, 0.05 Si and 0.04 Mn percent by weight, and Alloy 2,
is a prime requirement for improving abrasion resistance 0125 Fe, 0.27 Si and 0.25 Mn percent by weight. The speci-
sliding surfaces and preventing cold welding in space canfication and chemical composition of Alloys 1 and 2 are listed
tions}2A hard anodic film provides an excellent base for dip Table 1.
lubricants. An anodic film is an oxide coating that imparts The components of interest having a rectangular fin geom-
excellent heat resistance and electrical insulation prapetry (approx. 80 x 20 x 8 mm) were machined from a
ties3* The infrared emissivity of a thick, hard anodic film|isongitudinal section of round bar extrusion, where the broad
about 90 percent of that of a black body, providing excellesurface of the fins are parallel to the extrusion direction. To
heat radiation characteristics to a surface. examine the influence of variation in the direction of align-
The quality of an anodic film depends on the chemistrylantent of the Fe-bearing particles on the formation of a hard
metallurgical history of the alloy treaté&8l.In our earlier] anodic coating, components of identical geometry were ma-
communicatior?,the influence of iron-rich constituent parchined from the transverse section of the extrusion, where the
ticles on the hard-anodizing behavior of aluminum alldyroad surface of the fins is normal to the extrusion direction.
7075 was investigated. It was established that both fHee extrusion bar representing the sectioning pattern of the
chemistry and mode of distribution of constituent intermgtadample components is shown in Fig. 1. The longitudinal and
lic particles are important in determining the nature prmichnsverse sections are labeled as LS and TS, respectively.
growth of an anodic film. The iron-rich
Al (FeMn)Si intermetallic particles survive

during electrolysis in the conventional hard '™
anodizing electrolytes. The presence of col
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Fig. 1—Extrusion bar representing sectioning pattern Fig. 2—Bath voltage-time profile for Alloys 1 and 2 samples in conventional sulfuric
for fabrication of samples. acid electrolyte. LS: longitudinal section. TS: transverse section.
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Fig. 3—Scanning electron micrographs: (a) cross section of Alloy 1
cross section of Alloy 2.

The samples were processed for hard anodizing as foll

Ultrasonic degreasing for 3-5 min in trichloroethylen
Alkaline cleaning at 685 °C for 2-3 min in a solution o
sodium hydroxide, 100 g/L; sodium bifluoride, 20 g
and trisodium orthophosphate, 2 g/L. Water rinse.

Desmutting in nitric acid (70%) solution, 350-500 mL
for 2-3 min. Water rinse.
Hard-anodizing in the electrolytes formulated and of
ated as follows:

Sulfuric acid (sp. gr. 1.84) 90 mL/L
Addition agent

Hydrochloric acid (36% V/V) 3-6 mL/L or
Nitric acid (69% V/V) 5-20 mL/L or
Ammonium nitrate 20-40 g/L
Cathode lead or carbon
Bath temperature -5to ¥C
Current density 18-36 AAt
Coating thickness 80-85m

Post treatment water rinse

5. Sealing of the anodic film pores in a solution contain
ammonium acetate (1 g/L) operating at pH 6.5-7.0
temperature > 98C for two hr. Water rinsing and dryin
in air.

The thickness of the anodic film was measured
microhardness was evaluated with a microhardness t
using a diamond indenter. Vickers hardness numbers
obtained by averaging five measurements on each sped
with a load of 100 g. Optical properties, namely, s
absorbance and infrared emittance of the coatings
measured using a solar reflectometer and an emisson
Both instruments provide an average value of solar ak
bance and infrared emittance digitally, over the entire sol
infrared region.

Table 1
Chemical Composition of DTD5124 Alloy
Element
% by weight Specification Alloy 1 Alloy 2

Zn 5.1-6.4 5.6 5.6
Mg 2.1-25 2.5 2.5
Cu 1.2-1.5 1.4 1.4
Cr 0.1-0.25 0.18 0.20
Fe 0.5 max. 0.12 0.25
Si 0.4 max. 0.05 0.27
Mn 0.2 max. 0.04 0.25

Ti+ Zr 0.2 max. 0.06 0.11
Al Balance Balance Balance

g electron micrographs: (a) longitudinal and (b) transverse
sections of Alloy 2.

(B)g. 4—Scannin

pwsScanning electron micrographs were obtained on an SCM

operating at 20 kv. The samples for SEM studies were

b prepared by conventional metallographic techniques under

unetched conditions.

L;
Results and Discussion

/While hard anodizing DTD 5124 alloy components in con-

ventional sulfuric or sulfuric-oxalic acid electrolytes within

nehe chosen experimental operating range, it was established
that the required coating thickness of 808H can be
obtained with a maximum potential of 85 V. Edge burring of
fin structure components was observed when anodization
continued beyond 90 V. As a result, the present studies on
hard anodization were confined to a terminal bath voltage
< 85.

The bath voltage-time profile of components machined
from longitudinal and transverse sections of Alloys 1 and 2
are shown in Fig. 2. Alloy 1 components, irrespective of the
direction of machining, show a steady increase in bath
voltage. The required coating thickness (80u83) is ob-
tained in 120 min, within a maximum potential of 83 V, while

irfgr Alloy 2 components fabricated from a longitudinal sec-
atidn of the extrusion bar, a steep rise in bath voltage is
gobserved. The cut-off potential (85 V) is attained in about 70
min, with the coating thickness in the range of 4380 The
abdth voltage-time curve for transverse section components of
eéthoy 2, however, shows a profile more or less similar to that
webserved for Alloy 1. The specified film thickness is attained
invithin the terminal potential of 85 V.

lar Scanning electron micrographs of the cross sections of
waloys 1 and 2 are shown in Fig. 3. The photomicrograph of
nedloy 1 shows continuous film growth, while the continuity
softhe film is greatly disturbed in the case of Alloy 2.

ar oiThe scanning electron micrograph of the longitudinal
section of Alloy 2 shows the presence of stringiees (ows

of constituent intermetallics [Fig. 4a]). These stringers are
formed as a result of break-up of the constituent particles
during mechanical working along the extrusion direction. In
transverse section, the stringers are viewed end-on and ap-
pear as non-uniformly distributed small particles across the
extruded section (Fig. 4b).

Elemental X-ray mapping showed the presence of high-
density, iron-rich AL (FeMn)Si particles in Alloy 2. The
nucleation and growth of anodic oxide films is locally inhib-
ited when the iron-rich particles are present in the direction of
film growth8'2 The rapid increase in bath voltage during
anodization of longitudinal section components of Alloy 2
results from survival of these constituent particles. These
particles become an integral part of the anodic film, adding
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additional resistance in the electrical path for film growth.
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Fig. 5—Effect of addition of hydrochloric acid (36% V/V) on bath voltage.
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Fig. 6—Effect of addition of nitric acid (69% V/V) on bath voltage.
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Fig. 7—Effect of addition of ammonium nitrate on bath voltage.
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The difference in the bath voltage-time
profile of the alloy components machined
from longitudinal and transverse sections of
Alloy 2 is directly related to the difference in
orientation of the Al(FeMn),Si stringer par-
ticles with respect to the growth direction of
the anodic oxide film. In a given anodizing
time, the growth front of the anodized layer
encounters a much greater number of par-
ticles when the growth direction of anodic
film is normal to the direction of alignment of
the stringers (longitudinal section). The re-
verse is the case when the stringers are ori-
ented parallel to the growth direction of film
(transverse section).

Detailed characterization of the anodic film
and bath voltage-time profile for Alloy 2
reveal conclusively that the steep increase in
bath voltage with time, during hard anodiza-
tion, is aresult of the survival of JFeMn),Si
particles® Attempts were made, therefore, to
develop a suitable electrolyte system that can
counteract the deleterious effect of these
stringer particles by dissolving them during
anodization. Additions of small amounts of
hydrochloric acid, nitric acid or ammonium
nitrate to the sulfuric acid electrolyte were
made to determine their effect on the hard-
anodizing behavior of the alloy under investi-
gation.

Effect of Addiives

The influence of the addition of hydrochloric

acid, nitric acid and ammonium nitrate on the
bath voltage is shown in Figs. 5, 6 and 7,
respectively. As evident from the figures, a
significant drop in electrolyte voltage was

achieved with the addition of these additives.
The optimum concentration of different addi-
tives for obtaining the required film thickness
within the terminal potential of 85 V is as

follows:

Hydrochloric acid (36% V/V)  4.0mL/L
Nitric acid (69% V/V) 7.5mL/L
Ammonium nitrate 30.0 g/L

Although a further drop in bath voltage was
achieved by increasing the amounts of these
additives, a significant reduction in the rate of
film growth and microhardness was observed.
The latter resulted from rapid increase in the
dissolution rate of the anodic film in the modi-
fied electrolytes. The coatings become rough
and somewhat powdery when the concentra-
tion of additives exceeds the selected experi-
mental ranges. In general, because of lower
solvent action of the electrolyte, relatively
higher coating thicknesses were obtained with
the addition of ammonium nitrate; however,
the microhardness of the coatings was dis-
tinctly lower than those obtained with the
addition of hydrochloric or nitric acid.
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Table 2
Effect of Additon Agents

Concentration Terminating Coating Microhardness
of additive voltage thickness, um (VHN)

Addition of hydrochloric acid (36% V/V)

3 mL/L 78.4 84 380
4 mL/L 68.0 82 378
5 mL/L 62.7 78 364
6 mL/L 60.0 71 358

Addition of nitric acid (69% V/V)

7.5 mL/L 84.2 82 374
10 mL/L 74.6 77 370
15 mL/L 67.2 72 364
20 mL/L 58.5 64 348

Addition of ammonium nitrate

20 g/L 84.1 86 316
30 g/L 76.8 88 308
40 g/L 68.0 82 300

Current density, 18 A/Ft Time, 2 hr

Effect of Appled Current Density
The higher applied current densities in hard anodizal
result in a higher rate of film growth and improved mic
hardness of the resulting coating. For difficult alloys, wh
the stringer intermetallic particles hinder the formation of
anodic film, it is imperative to employ lower current den
ties. This provides sufficient time for the electrolyte
dissolve the stringer particles at the time of film formati
leading to continuous film growth.

The micrograph of the cross section of a hard-anod
sample of Alloy 2 in sulfuric/hydrochloric acid electrolyte
an applied current density of 25 A/fthowed gaps in thé

particles eventually dissolve in the electrolyte, leaving gaps
in the anodic film.

These studies suggest that the larger the size of constituent
Fe-bearing particles, the lower should be the applied current
density for hard anodization. It is necessary, however, to
compromise between optimum applied current density to
sustain continuous film growth and microhardness of the
coating. This is exactly the reason why the lower current
density of 18 A/ft was selected.

Effect of Sealing

Sealing is done to close the pores of an anodic oxide film.
Sealing produces a chemical change in the coating by con-
verting it from simple aluminum oxide, AD,, to stable
boehmite structure, AD, - H,O. In the course of this change,

the coating swells and the pores are closed. The sealed anodic
film provides greater corrosion resistance than an unsealed
coating. For application where corrosion resistance and
thermo-optical properties are of prime importance, it may be
prudent to forego higher hardness.

Sealing of the hard anodic coatings was carried out in one-
g/L ammonium acetate solution (pH 6.5-7.0), operating above
98°C for one hr. Sealing results in a drop in film microhard-
ness, the magnitude of the drop depends on the nature of the
electrolyte used for hard anodization. The hard anodic films
tiohtained in modified electrolyte systems result in compara-
dively higher drop in microhardness values after sealing than
ethose obtained in sulfuric acid electrolyte. This is primarily
aitributed to the higher dissolution rate of the anodic film in
smodified electrolytes, which leads to the formation of higher
tporosity coatings. The drop in microhardness of hard anodic
pfijm obtained under different electrolytic formulations after

sealing is in the following order: sulfuric acid < sulfuric acid-
zaghmonium nitrate < sulfuric acid-nitric acid < sulfuric acid-
alydrochloric acid. Although insignificant, a small drop in
> both solar absorbance and infrared emittance values of an-

anodic film (Fig. 8). These gaps correspond to the size g
Al (FeMn)Si particles. The

coatings obtained at a current

density of 18 A/ft have not Properties
shown such gaps. Thisimplies

f treic films was observed after sealing.

Table 3
of Hard-anodic Oxide Coatings

that the time taken for dissolu- Microhardness Solar Infrared
tion of stringer particles is not Film (VHN) absorbance emittance
the same as the rate of film Electrolyte thickness,um 1 2 1 2 1 2
formation; consequently, the H,SO, 45-50 440 416 0.82 0.83 0.85 0.85
aluminum matrix surrounding (425) (385) (0.82) (0.83) (0.84) (0.83)
; ‘ . 80-85 430 — 089 — 088 —
the particlesis anodized faster, (@00) — (088 — ©0.88) —
leaving behind the region oc-
cupied by the particles. The =« so_(COOH),- HO  47-52 448 419 0.83 084 0.86 0.86
(428) (386) (0.82) (0.82) (0.85) (0.84)
80-85 438 — 090 — 088 —
(403) — (0.89) — (0.87) —
H,SO-HCI 80-85 406 400 0.92 091 0.89 0.88
(368) (362) (0.91) (0.91) (0.88) (0.88)
H,SO,~HNO, 80-85 410 402 091 0.92 0.89 0.89
(370) (362) (0.90) (0.90) (0.88) (0.87)
=0 [En
; H,SO,~(NH,),NO, 80-85 348 358 091 0.92 0.88 0.89
o (310)  (308) (0.90) (0.90) (0.87) (0.88)

Fig. 8—Scanning electron micro- 1: Alloy 1. 2: Alloy 2
graph of cross section of Alloy 2 oy % < Aloy

sample hard anodized in sulfuricacid. | | ¢ ¢
Current density, 25 AAt Values from reference 9.
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Values in parentheses were obtained after sealing of anodic film.
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Environmental  Stabiity

To evaluate the performance of hard anodic films during
and post-launch environments, the test coupons were
jected to humidity, thermal cycling and thermal-vacu
performance tests.

inhibit the growth of film. The added electrical resistance,
pre-because of the presence of stringer particles, results in a
substeep rise in bath voltage; consequently, the anodic films
um formed are defective.
2. The deleterious effect of stringer particles is influenced by

The humidity test was carried out to examine the resistanceheir orientation, with respect to growth direction of an-

of anodic coatings to corrosive pre-launch atmospheres
test was conducted in a thermostatically controlled humi
chamber. The relative humidity in the chamber was m
tained at 950.5 percent at 5TC, and the test was conduct
for 96 hr.

A thermal cycling test, designed to evaluate the effect o
orbit cycling temperature likely to be encountered throu

Theodic film. A much greater number of stringer particles is
dity encountered when they are aligned normal to the growth
ain- direction of the anodic film.
2@. The difficult alloys containing iron-rich stringer particles
can be successfully hard-anodized in modified strong-
in- electrolyte systemse(g, with small additions of hydro-
gh- chloric acid, nitric acid, ammonium nitrate in sulfuric acid

out the life span of spacecraft, was carried out in a thefmo-or sulfuric acid-oxalic acid electrolytes). The modified

statically controlled hot and cold chamber. A total of 1
cycles was applied. A cycle consists of lowering the temp
ture to -100°C for five min, then raising it to 10 for five
min.

To examine the effect of temperature cycling on the an
film in vacuum (space environment), a thermal-vacuum
was performed in a thermostatically controlled high-vacu
chamber. The test consisted of lowering the temperatu
-100°C for two hr and raising it to 100 for two hr. A total
of 10 cycles of hot and cold soak was applied. Avacuum|
of better than 18 torr was maintained inside the chamk
throughout the test.

After humidity, thermal cycling and thermal-vacuum p
formance tests, the coatings were examined visually for
degradation and their optical properties were measured
hard anodic coatings obtained with all the electrolyte com
sitions under investigation passed the above environmg
tests without degradation in physical appearance and of
properties. These results are indicative of excellent envi
mental stability of the coatings for ground as well as sp
applications.

Measurement of Optical Properties

In the absence of an atmosphere, heat exchange in sp
limited to radiation. The equilibrium temperature of a
subsystem of spacecraft is controlled by the ratio of s
absorbance to infrared emittance of its surfaces. Hard an
oxide film acts as an excellent thermal control surface.

thickness of 80-8fhim, hard anodic film provides high sol

00 electrolytes dissolve the stringer particles during anodiza-
era-tion, providing a continuous film growth. The optimum
concentration of the electrolyte additives has been inves-
tigated.
ndic
tésditor’'s note: This is an edited version of a paper presented
uat SUR/FIN '98, Session Q, Minneapolis, MN (June 1998).
re to
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The physico-optical properties of hard anodic oxide f{im
obtained in different electrolytic compositions are listed iAbout the Authors

Table 3. The optical properties of an anodic film are

C
trolled by the coating thickness and surface characterj’é

Initially, as the anodic film grows, both the solar absorb

and infrared emittance values increase sharply with
increase infilm thickness. At a later stage, however, this t
slows. At about 7Qum thickness, an anodic film attain
almost constant absorbance and emittance characteristic

the specified film thickness of 80-88n, the solar absor;

bance and infrared emittance values of anodic coating
found to be on the order of 0.90 and 0.88, respectiV
regardless of the electrolyte employed.

Conclusions
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survive during the hard-anodizing process and localfjontinued on page 62
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