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INTRODUCTION

Hard anodizing is a variation of the conventional aluminum anodizing pro-
cess that produces wear-resistant oxide coatings 10 to 60 times the thick-
ness of the sulfuric acid coatings normally used for corrosion protection
(fig. 1). The coatings formed are generally dark gray (varying with the
anodizing process and the alloy), can be polished to achieve a very fine
surface finish, and are considered file-hard. Hard anodizing is used on
Boeing airplanes as a .001- to .003-inch-thick wear-resistant coating for
nonlubricated wear surfaces, for spherical bearings, and for the I.D. bores
of hydraulic actuators. Hard anodizing is also used for rework where a
surface buildup less than .002 inch is required.

Boeing's principal use of hard anodizing is on the wear and seal surfaces
of aluminum hydraulic actuators. Hard anodizing permits the lightest
weight actuator design and, accordingly, is the most widely used wear sur-
face for aluminum actuator bores. Hard anodizing can produce surfaces that
have outstanding service performance, showing no detectable wear during the
life of a hydraulic actuator.

The typical sequence of operations for fabricating hydraulic actuators
(fig. 2) has been as follows:

1. Machine to pre-shot peen dimension and an RHR 32 finish.

2. Shot peen to prevent a fatigue life reduction due to hard anodize.

3. Finish machine to an RHR 16 finish, with the final bore honed oversize

to allow a surface growth of half of the hard anodize coating thick-
ness (fig. 3).

4. Hard anodize to a specified thickness or dimension.

5. Hone to an RHR 8 finish and to the final bore diameter.



PROBLEM AREAS

Several problems can arise during hard anodizing: pitted coatings, soft
coatings, insufficient coating thickness or surface growth, and burning.
Problems with soft coatings, burning, or.coating thickness are normally
detected during the post-anodize inspection and are resolved by correcting
processing deficiencies, and will not be discussed further. Pitted coat-

ings are not detected by the conventional inspection techniques,. and these
defects can degrade the service life of an actuator. The sharp edges of

pits (figs. 4, 5, and 6) can cause excessive wear of actuator seals and
permit fluid leakage to the point where the performance of the hydraulic
actuator is degraded.

Pitting of honed hard anodizing has been a chronic problem for years.
Minor modifications in the anodizing process and in the pre- and post-
anodizing operations have been beneficial; however, the pitting problem has
never really been eliminated. Microexamination (fig. 7) shows that the
pits are actually voids in the hard anodize coating that have been exposed
during honing. Control of pitting is therefore obtainable only by control-
ling those factors that cause void formation in the coating during hard
anodizing.

THE ANODIZING MECHANISM

The basic reaction in.all anodizing processes is the electrolytic conver-
sion of the aluminum surface to aluminum oxide. The aluminum is immersed

in a moderately active acid solution and an external anodic potential is
applied. Oxide nucleation initiates at those microscopic sites with the
lowest electrical resistance until a nonconductive oxide film is formed.

Adjacent areas then become of lower resistance value, and oxide growth
progresses laterally in all directions from the nucleation site, as shown
in figure 8. Lateral oxide growth continues and impacts with growth from
neighboring nucleation sites until the entire aluminum surface is covered
with a cellular oxide film or barrier layer, having the close-packed hexa-
gonal cell form shown in figure 9. A further increase in the anodizing
potential (voltage) causes pores to form in the oxide film, and the oxide
growth progresses into the aluminum with the barrier layer constantly
reforming between the bottom of the pore and the oxide/aluminum interface
(fig. 10).

The thickness (angstroms) of the barrier layer formed during anodizing in
sulfuric acid solutions is approximately 8 times the applied voltage. The
cell diameter is twice the barrier layer thickness plus the initial pore
thickness of about 120 A. The pores develop a somewhat conical shape due
to attack by the solution during prolonged anodizing and, to an even great-
er extent, during the period between the time the current is interrupted
and the acid is completely removed by rinsing. The pore structure and cell
size are relatively stable during anodizing, but can be altered (with the
pores either branching or condensing) by an abrupt change in the voltage or
by inhomogeneities at the oxide/aluminum interface that permit localized
variations in current distribution.
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The oxide film is influenced by the composition of the aluminum alloy.

During anodizing, most of the nonaluminum alloying constituents, including
copper and zinc, are dissolved. Copper contents much above 2% result in
the formation of lower density, soft coatings with large pores and in elec-
trochemical dissolution of high current density areas of the part during
anodizing in dilute solutions. Silicon particles have low conductivity and
are unaffected by the anodizing process and are entrapped by the oxide
film. Iron-containing particles are conductive and dissolve slowly, leav-
ing aluminum protrusions in the oxide.

PROCESS EVALUATION

Virtually all hard coating is accomplished by anodizing in a refrigerated
sulfuric acid solution. Principal processing modifications used are the
addition of oxalic acid (Alumilite Process) or glycerine and glycolic acid
(MAE Process), saturation with carbon dioxide (Martin Process), superim-
posed AC (Hardas Process, Scionics Process), superimposed DC pulses (Perma-
loy Process), etc. The purpose of each of these processes is to build up a
thick, microporous aluminum oxide at a rate sufficient to prevent excessive
acid attack on the pores (soft coating), without causing localized electri-
cal overheating (burned areas). All of these processes are capable of pro-
ducing hard, wear-resistant coatings .002 inch thick that are satisfactory
for many applications. Metallographic evaluation of hard anodize films

produced by a number of suppliers utilizing the above processes showed that
all of these processes also tend to produce coatings that contain objection-

able voids that become post-honing pits.

Parametric studies at Boeing have established that hard anodize pitting is
due to gas-rupture voids (fig. 7) in the coating caused by boiling of the
anodizing solution in the pores at local areas of high current density.

The primary nucleation site for gas-rupture voids was found to be iron-

containing particles in the aluminum, such as intermetallic impurities
(fig. 11) or honing residues. The iron-containing particles were conduc-
tive and dissolved slowly during hard anodizing, producing protrusions in
the oxide coating with such high current densities that voids occurred.
The number of voids formed decreased markedly when higher purity, low-iron

alloys were used (fig. 12). An improvement in process reliability was also
attained by not using pre-anodizing honing stones that had previously been
used on steel parts, since they tended to imbed iron particles in the
aluminum.

A large amount of heat is generated at the oxide/aluminum interface during
hard anodizing, and is referred to in this paper as Ilelectrical" heating.

Conventional hard anodizing processes are accomplished at a current density
of 36 ASF at up to 48 volts, and can generate an average of 1.7 kilowatts

of heat within each square foot of aluminum surface being anodized. Varia-

tions in current density cause localized areas to generate heat at rates
very much higher than the average. It was found that the heat input must

be minimized, and that the heat generated during anodizing must be removed

by high-velocity forced-circulation cooling. Such cooling is required to
prevent the solution in the pores from overheating and boiling and thus
producing large gas-rupture voids or attacking the pores to produce soft
coatings.
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CONCLUSIONS

1. A process has been developed for producing essentially pit-free hard
anodize coatings on 7XXX-series aluminum hydraulic actuators.

2. The process uses a dilute sulfuric-oxalic acid solution with a slow
current buildup, reduced current density and voltage, and forced
solution circulation to minimize localized overheating and void forma-
tion in the coating.

3. Process implementation requires only minor equipment modification.

4. Boeing is evaluating process improvements for 2XXX-series alloys and
the advantages, if any, in using higher purity aluminum alloys.
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