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Abstract

The influence of different treatments:
FPL-etch, European chromic-acid-etch (CSA),
phosphoric-acid-anodizing (PAA)} and chro-
mic-acid-anodizing (CAA) of two aluminium
alloys in bare and clad state for 2040 T 3
and 7075 T 6 are compared as adhesive
bonds. The adhesives were FM 123-5 and
FM 73, the primer BR 127. Finally the
microstructure of the pretreated alumi-
nium-surfaces are compared.

1. Introduction

Damages in long time stressed metal
bonds under hostile environmental con-
ditions, from which humidity is the most
important factor, occur in nearly all
cases in form of adhesional failure be-
tween adhesives or primers and metal sur-~
faces. This is due to the fact, that the
adhesional bonds between organic sub-
stances and the metal oxides are destroy-
able by hydrolytic reactions of water,
diffusing into the glue line [1].

To improve the water stability of
metal bonds especially in aircraft struc-
tures beside the application of corrosion-
inhibitant-primers in the case of using
epoxide adhesives special surface treat-
ments of the aluminium alloys prior to
bonding are needed. The different chemical
or electrochemical treatment methods cus-
tomary today in the aircraft industry of
the western world are developed empirical-
ly without exact knowledge of the adhesio-
nal mechanisms due to good stability of
the boundary layers.

The European surface treatments as
CSA-etching over 30 min. in chromic-sul-
phuric-acid and chromic-acid-anodizing
(CAA) are used in Europe since more than
20 years. In USA a modified FPL-Process
and the new developed phosphoric-acid-
anodizing (PAA) process are used. These
two methods of treatment are more economic
than the Buropean CSA-process followed by
CAA - but it is not exactly known, in how
far the durability of metal-bonds produced
with these surface treatments are better
than those pretreated with the European
methods.

The aim of our study was to test the
strength and durability of adhesive bonds
made with surface treatments as shown in
figure 1.
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Fig. 1: Pretreatment for Al-Bonding
There are:

The European CSA-process, specified by

LN 029751

European CSA-process with chromic-acid-
anodizing (CAA), specified by DIN 53 281

FPL—etch (optimized), specified by
BAC 5514

and phosphoric-acid—anodizing, specified
by BAC 5555.

In addition to these treatments also the
sulphuric-acid-anodizing (SAA) was used
(CSA etch and 15 min. anodizing in 11,4 %
SA under 10 V).

2. Materials and Test Methods
for Bond Strength

The aluminium alloys for the compari-
son used in our investigations were the
for aircraft structures important alloys
2024 T 3 (AlCuMg 2) and 7075 T 6
(AlZnMgCu 1,6) which were treated and
bonded in bare and clad state.

Adhesives we used were the both one-
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Figure 5 shows the results obtained with
this alloy in bare state. Of interest is
here that in combination with FM 73 the
aging influence in the case of European-
treatments is less and the best aging be-
haviour is reached by sulphuric-acid-
anodizing (SAa).
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More distinct differences are to be seen
on hand of the peel-values of bonds
7075 T 6 clad and FM 123-5, figure 6.

- unaged
N/cm i
//

60 rr—n ___L aged in

— H,0 vap.

[, ¥ at 2 b
i o .
#2140 o =]
(=4 1 c [=]
C : m =
w ] m
[ . I

+ -

0 o o
1 O —
2 1= [3] [ '
w20 o o . 1
a el w c .
[} 1 a E
1 0n o
-d = a b
o 3] £ c
w ] a (=]

Fig.6: Peel-strength (180° peel-specimens)
of metal bonds.
Material: 7075 T 6 clad

Adhesive: FM 123-5

Compared with FPL- and European-CSA-etching
both anodizing processes produce higher
initial strength combined with an in-
creased stability against invading water.
Especially in the case of phosphoric-acid-
anodizing there is no difference between
initial strength and that after storing

in water vapour.

The conclusion on hand of these re-
sults is that today exist not only one
surface treatment with outstanding proper-
ties for producing bonded aluminium struc-
tures [2]. But generally it seems to be
true, that the anodizing processes lead
to better results than the etchina-systems.

4. Microstructure of Aluminium Surfaces

In addition to measurements of strengath,
specimens were prepared to examine the
treated surfaces by scannino-electron-
microscopy (SEM).

Figure 7 shows the particular steps
of the pretreatment after the change of
the surface morphology. The as received
state is not structured but contaminated.
After degreasing a still not really clean
surface with some loose particles is to
be seen. The alcalinedecreased surface
shows an irregular structure with pits,
but without any micromorphology. These
changes in surface morphology up to this
step are characteristic for all chemical
processes of aluminium alloys. The other
two pictures in fig.7 show an etched (CSA)
and an anodized (CAA) surface with de-
veloped oxide structures in more detail.
Clearly visible is here the changing in
morphology after etching and anodizing
by a magnification of 20.000X.

725

as received degreased alkaline cleaned

CSA CAA 1pm
Fig. 7: Steps of pretreatment for
2024 clad

In figure 8 an optimized FPL-treated
surface of an 2024 clad specimen is to be
seen and compared with equally treated
2024 T 3 bare specimens below. Concave
hilly formed overstructure and a hint of a
micromorphology with oxide-pits are to be
seen. The pictures on the right side show
treated surfaces by PAA. The clad state
shows a high structured oxid-morpholoqgy
while the bare state is much less struc-
tured.

In both cases of PAA a very filigree
morphology like an "oxid-wood" remains.

clad

m

Fig. 8: Surface morphology of treated

2024 clad and bare



Figure 9 shows surfaces of the CSA-etched surfaces with nearly the same

alloy 7075 T 6 clad and bare after the oxide morphology obtained in the optimized
same treatments with similar structures FPL-process. On the right are the micro-
like 2024 T 3, on the one side a hilly graphs of the anodized surfaces with a
overstructure and on the other side a clearly visible overstructure too and a
rather filigree wooded type. form like a fine honey comb structure.

Figure 11 shows in the same manner
treated 7075 surfaces. The macroscopic
structure is quite different but the
microstructure is comparable to those of
2024 alloys. Without doubt the size and
structure of the oxide layer must be very
important for strength and durability of
adhesive bonds. But that is only true, if
the adhesive is able by wetting the sur-
face to invade the oxide morphology.

clad
CSA CAA
Lum
Fig. 9: Surface morphology of treated
7075 clad and bare
bare

Figure 10 contains micrographs of
the same aluminium alloys in clad and
bare state, but pretreated by European
methods, the so-called CSA-etching or
Pickling-process and the European chromic-
acid-anodizing (CAA) with stepwise in-
creasing of voltage. The CSA-etching may

be compared with the optimized FPL. On ;
the left in fig. 10 are to be seen the Hife 10 Surfdes MEEpHolngy DE ErEated
E= 7075 clad and bare

This possibility is demonstrated on
hand of fiqures 12 and 13. Figure 12 is
a micrograph of a sulphuric-acid-anodized
clad 2025 surface with a typical good developed
honey-comb-structure. Figure 13 is a SE-
micrograph of the surface of a phenolic
adhesive cured on a SAA treated aluminium
surface after etching the aluminium away.
Easy visible are the characteristic pics
CSA CAA on the resins surface setting before in
the pores of the oxide layer [3]. This
example makes it sure that the adhesive
can creep into the formed oxide struc-
tures, if its molecular weight in uncured
state is small enough which is true in the
case of phenolic resin.

The remaining question is, how good
does it creep into these small honey-combs
and how good is the resulting chemical or
micromechanical connection. But it is not
enough to take only a lock on the outer
'lT submicroscopical topography of a metal

) surface to get an reliable answer on the
Fig. 10: Surface morphology of treated question of bondability.
2024 clad and bare
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TEM-micrographs of treated
2024 clad

distance of about 300 to 400 ®. These dif-
ferences must have an influence on the
adhesional properties especially under
Fig. 12: Sulphuric-acid-anodized (SAA) the aspect of handling the metal parts
2024 clad prior to primer application. One point
is the mechanical stability of the oxide
structure and it's influence on the bonda-
bility under industrial conditions. That
the stability of different oxide layers
is different, is easy to demonstrate on
hand of simple tests as shown in figures
15 and 16.

In figure 15 the upper pictures show
the micrographs of 2024 surfaces as
treated state, below is the same surface

Nach A. Hartman 05pm

Fig. 13: Phenolic resin replica of a
SAA surface 2024 clad

That demonstrates figure 14. To be
seen are pictures made by transmission-
electron-microscopy (TEM) with a high
magnification of CSA and optimized FPL-
etched surfaces and CAA and PAA surfaces.
The etched surfaces have always the
typical cellular oxide structure with
small areas of about 300 A, fenced by
tiny oxide walls with a much gmaller
thickness of about 50 to 100 8. The
anodized surfaces have a very different
structure:

On the one hand a honey-comb-structure
with cell areas of about 300 in the

CAA CSA
case of CAA, on the other hand a very
filigree down after PAA. There a single
pit has a diameter of about 100 to 200 &,
from one to another there will be a Fig. 15: Pretreated 2024 clad
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but wiped with lens cleaning paper. For
CAA there is no change, for CSA the

top areas of the overstructure are marked
by greeves.

Figure 16 shows the same alloy by
PAA and FPL. After wiping there is nearly
no structure leaving.

Fig. 16:

Pretreated 2024 clad

The guestion arising from those
effects is, in how far such different
changings of the oxide morphology will
influence the adhesional properties es-
pecially under hostile environments. To
get here more informations, special peel
specimens with fresh and wiped surfaces
were bonded for testing the initial and
residual peel strength after aging in
water vapour of 133 °C over 168 h. In
these specimens in all cases the adhe-
sional zone between metal and primer or
adhesive will be destroyed, so that the
peel-strength gives a direct hint to the
quality of the adhesion.

In these tests only
FM 123-5 the superiority
acid-anodizing is loosed by wiping the
surfaces. In combination with FM 73 after
wiping no reduction of water stability
occurs if a primer was used. If we worked
without a primer, the mechanical wiping
reduces the adhesion stability on FPL-
and PAA-surfaces in an extremely manner,
whereas on CSA and CAA surfaces practi-
cally no reduction of adhesional quality
was to observe.

in the case of
of phosphor-

These results lead to the conclusion
that the primer in its low molecular
state invades into the oxide cells re-
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maining undestroyed the equalized upper
layers. Only the molecules of the adhe-
sive itself with higher molecular weight
remain on the equalized surface and as a
result we have bad adhesional properties.
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