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Figure 2 Enlarged photographs of fracture surfaces from the
double overlap Al2024-T3-HT424 joint, Couple 2-3 (Fig. 1).
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Figure 5 Enlarged photographs oi iracviure surfaces from the
double overlap Al 2024-T3-HT424 joint, Couple 1-2 (Fig. ).
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Figure 8 Photograph of fracture surfaces of Al 2024-T3-HTU24F
with no glass carrier.
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Figure 9 Photograph of HT424 Adhesive Batch 3 (left side),
Batch 2 (right side).
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Figure 10 Photographs of fracture surfaces of Al 2024-T3-HTH35
with no aluminum powder filler.
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rinsed the surface parameters were measured. The results are
recorded in Table 4.

Thirty Al 2024-T3 samples were electropolished and exposed to
the FPL etch solution for 0, 2, 13, 28 and 60 minutes to produce
increasingly rough surfaces. These surfaces were characterized with
SEM, ellipsometry, light scattering, SPD, PEE and water contact angle
measurements. Two of each preparation were then primed and bonded.

To obtain even smoother surfaces than that from electropolishing, six
samp les were polished with 600 grit, hand polished with "Wenol" metal
polish, detergent cleaned and rinsed with distilled water. The average
surface properties of these samples and resultant average bond strengths
are given in Table 5. The adhesive was HTU424 from Batch 2 with average
bond line thickness of 8.5 mils. Another set of samples was prepared
by first electropolishing and then exposing to FPL etch but these were
bonded with HT424 from batch 3, average GLT of 10 mils. The surface
parameters and average bond strengths are given in Table 5.

Figures 11, 12 and 13 show SEM pictures that correspond to the
first set of samples in Table 5 for 0, 2, 13, 28 and 60 minutes of FPL
exposure. The number to the left of the white line at the bottom of
the pictures indicates the length of the line in microns. The
numbers below this refer to the magnification, accelerating voltage,
working distance and picture number. For example the length of the
white line in Figure 11, top left is 10u, the magnification is X500,
the voltage is 20.0 KV, the working distance is 11 mm and the picture
number is 002 305. The pictures at the right in Figures 11, 12 and
13 were of the same sample area but of higher magnification.

After the electropolish the surface appeared fairly smooth. Increased
exposure to FPL etch causes pitting and grain boundary attack until
after 60 minutes the entire surface is etched and none of the

original flat area can be observed.

From light scattering experiments the smoothest surfaces were
the hand polished samples with the rms roughness of 0.059u as compared
to 0.11y after electropolishing and 0.6u after 60 minutes of
FPL etch. It should be noted that the light scattering measures
roughness on a scale much lower than can be observed in the SEM
pictures except for the smallest resolvable roughness in Fig. 13c.
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Electropolish + FPL etch 2 min.

Figure 11'SEM pictures of Electropolished Al 2024-T3 (top) .
electropolish + 2 min FPL etch (bottom) .
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FPL etch 28 min.

' Figure 12 SEM pictures of electropolished Al 2024-T73 + 13 min.
¢ FPL etch (top), + 28 min FPL etch (bottom).
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Figure 13 SEM pictures of electropolished Al 2024-T3 + 60 min
FPL etch.

38



























.

X1000 X4000

Vapor deposited (1588 A) A1/Au/Cr/Si

Vapor deposited (3800 A) Al/Au/Cr/Glass

Figure 19. SEM pictures of vapor deposited Al/Au/Cr/Si (top) ana
Al/Au/Cr/glass (bottom).
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Figure 20 SEM pictures of vapor deposited Al after exposure to
96°C water (left) and 50°C water (right) for 1/2 hr.
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Figure 21 SEM pictures of vapor deposited Al after exposure to
96°C water (left) and 50°C water {(right) for 1/2 hr.
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Figure 22 SEM pictures of vapor deposited Al after exposure to
96°C water (left) and 50°C water (right) for 1/2 hr.
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50°C water 70 hrs.

100°C water U46.7 hrs.

Figure 23 SEM pictures of vapor cdeposited Al after exposure to 96°C
water (left) for 46.7 hrs and 50°C water (rignt) for 70 hrs



96°C water 46.7 hrs. 50°C water 70 hrs.

Figure 24 SEM pictures of vapor deposited Al after exposure to 96°C
water (left) for 46.7 hrs and 50°C water (right) for 70 hrs.
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Figure 26 SEM pictures of vapor deposited Al after anodizing to
500 A then 50°C water exposure for 150 hrs.
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Figure 31 SEM pictures for vapor degreased Al 2024-T3 as received
(top) after 50°C water exposure for 21 hrs (bottom) .
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Figure 32 SEM pictures for vapor degreased Al 2024-T3 after 96°C
water exposure for 21 hrs.
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Figure 33 SEM pictures of electropolished then alkaline cleaned
Al 2024-T3 after 96°C water exposure (left) and 50°C
water exposure (right).
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Figure 36 FPL etched Al 2024-T3 at various magnifications.
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Figure 37 SEM pictures of FPL etched Al 2024-T3 after 21 hrs. at
100°C water (boiled dry) (top), 21 hrs., 50°C water (bottom)
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Figure 38 SEM pictures of electropolished (left) and phosphoric-
anodized (right) Al 2024-T3.
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Figure 39 SEM pictures of phosphoric-anodized Al 2024-T3 after
electropolished.
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Right

-11 and P-10.

side shows bent areas to estimate film thickness.

SEM pictures of anodized samples P

Figure 40
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Figure 41 SEM pictures of anodized samples P-12 and P-20.
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Figure 81 SEM pictures of vapor degreased Ti-6Al-4V.
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(a) 1000X (b) 4000X

Phosphate—fiuoride Ti-6Al1-4V

s,

(d) 4000X

Turco Ti-6Al-U4V

Figure 82 SEM pictures of Ti-6Al-4V, at+b) after phosphate~-flouride
treatment, c+d) after the Turco treatment.
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(a) 1000X (b) 4000X

Nitric acid-fluoride Ti-6A1-4V

(c) 1000X

Pasa Jell Ti-6Al-4V

Figure 83 SEM pictures of Ti-6Al-4V, a+b) after Nitric acid-
fluoride treatment, c+d) after Pasa Jell treatment.
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(b) 200X

(c) 4000X (d) 4000X

Figure 84 SEM pictures of Ti-6Al-4V - HT424 joint after fracture.
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(c) 1100X

(d) 4000X
Figure 85 SEM pictures of Ti-6Al-4V - FM-34B-32 joint after fracture
adhesive areas.
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(c) 1000X (d) 4000X

Figure 86 SEM pictures of Ti-6Al-4V - HT 424 joint after fracture
Nitric acid-fluoride process.
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(c) 400X (d) 4000X

Figure 87 SEM pictures of Ti-6Al-4V - HTU424 joint after fracture -
Pasa Jell 107 process.



(a) 4ox (b) 400X

(e) 400X

Figure 88 SEM pictures of Ti-€6Al-4V - HTU24 joint after fracture-
Turco process.
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(c) Battelle

(d) Science Center

Figure 90 SEM pictures of four phosphate-fluoride processes on
Ti-6Al-4V: 4000X
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The three sets of data in Fig. 102 are for three serarate
experiments. The change in A indicates that the erucic acid
mclecules deposit in the erect orientation ~204/dip (top curve

solid points) or lying flat ~6A/dip (bottom curve open circles).

The experiment represented by open triangles indicate that the
molecules lay flat for the first 5 dips then in the erect orientation
for the next 5. Experiments to test the effect of controlled

contamination on bond strength have not as yet been performed.

3. Effect_of Different Envircamenis
3.1 SET_in_the UHV_Chamber
Table 35 gives the surface parameters for rhosphate-flucride

etched Ti-6A14V that was placed in the UHV chamber for 148 hours
in dry nitrogen and then exposed to 97% RH for 140 hLours.

After 148 hours in dry nitrogen in the UHV chamber the
contact angle remained approximately zero. Exposure of the
sanmple to air for a few minutes for the ellipsometer measurements
caused the contact angle to increase to 459, The ellipsometric
and FEE data correspond to an increase of about 20A of film
thickness if it is assumred that the increase in contact angle was
due to organic contamination. Continued exposure to 97% RH in
the UHV chamber for 44 hours caused the contact angle to decrease
- to aprroximately zero agair. Exposure to the air caused the
contact angle to increase to 10°. The ellipsometric data
corresponds to an increase of about 80 A in film thickness
assuming the increase is due to coxide growth in the UHV chamber.
It appears that the Ti-6A14V phosphate-fluoride surface is much
more active than FPL etched Al 2024-T3 as to adsorption of
contamination upon exposure to air. However, contrary to
alurinum the contamination is removed by exposure tc 97% RH in
the UHV charber.
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