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Shipboard Exposure Testing of Aircraft Materials 

Edwin S. Tankins*, J. Kozol & E. Lee 
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Introduction 

Considerable progress has been made recently in the development of new 
aluminum alloys and coatings for aerospace applications. The production of 
various aluminum-lithium alloys has made possible a density reduction and an 
increase in elastic modulus and strength. Over the last 20 years this Center has 
been testing many aerospace materials in marine environments as well as 
accelerated laboratory corrosion tests to compare the behavior of various alloys 
and coatings. The work presented here examines the corrosion behavior of a 
variety of aluminum alloys exposed to aircraft carrier environments. One of the 
in-house accelerated tests is also discussed for comparison to the carrier exposure. 
The high strength aluminum alloys are susceptible to various forms of corrosive 
attacks such as pitting, intergranular corrosion, stress corrosion, and exfoliation. 
Exfoliation is the most severe form of attack since it can destroy a structure. The 
objective of the entire program was to evaluate the behavior of various alloys on 
the decks of aircraft carriers as well as the effect of various locations in 
comparison to in-house accelerated tests. Although many different materials have 
been evaluated, the work presented concerns primarily aluminum alloys and 
various protective coatings. 

Test Materials 
A variety of materials has been evaluated including first and current 

generation Al-Li alloys. These include 2020 alloys from the 1950s used in the 
naval aircraft RA-5C, as well as present generation Al-Li alloys such as 2090 & 
8090, and 1420 & 1421 produced in former Russia. The 2090 alloy vis obtained 
through a Navy cooperative program and reported in Reference 1. 

Commercially available 7075-T651 aluminum 1-in (2.54 cm) plate was 
used for comparison with the Al-Li alloys. After machining into step specimens. 
half of the specimens were overaged to the T7351 temper by heating for 24 hours 
at 120°C (350°F). There were a variety of the 7000 series aluminum alloys tested. 
The T6 and T7 conditions were similar to those shown in Table 1. 
In the 7000 series, the high conductivity is characteristic of the T-7 condition. 

Step specimens of al alloys were utilized to determine exfoliation 
corrosion behavior. The specimen dimensions were approximately 3 x 6 in (75 x 
150 mm;. The plate materials were machined to expose the surface at one-tenth 
(T/10) and one-half (T/2) of the plate thickness. The bare aluminum alloys were 
chemically etched to present uniform, consistent clean surfaces. The specimens 
were degreased with solvent, etched in 5% sodium hydroxide at 80°C (176°F) for 
1 to 3 minutes, rinsed in water, 
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Table I - Plate Test Characteristic 

Material Plane Thickness Hardness Conductivity 
in mm Rb % Iacsa 

7075-T651 T/0 1.0 25.4 
T/10 0.90 22.9 91 32 
T/2 0.50 12.6 90 33.8 

7075-T7351 T/0 1.0 25.4 
T/10 0.90 22.9 81 39.9 
T/2 0.50 12.6 80 39.2 

2020-T651 T/0 0.50 13.0 
T/10 0.45 11.4 87 17.2 
T/2 0.15 6.5 89 17.2 

8090-T851 T/0 1.80 45.7 
T/10 1.64 41.6 77 19.8 
T/2 0.90 22.8 78 20.0 

a Electrical Conductivity was measured in Percentage of 
International Anneal Copper Standard %(Iacs) unit 

desmutted in concentrated nitric acid for 30 seconds, rinsed in deionized water 
and dried with oil free compressed air. 

SC>2 S?u Fog -- The sulfur dioxide salt fog tests attempt to closely mirr^ 
the service environments. The model used in developing the tests was a high 
humidity, salt-containing environment. However, the acidifying species used are 
those found in rervice from jet-engine exhausts, i.e., sulfurous acid. The addition 
of a dry air purge accelerated, but did not change the corrosion behavior. Sulfur 
dioxide salt fog testing has been successfully applied to structural materials, 
organic coatings, and avionics (2). 

Sulfur dioxide fog testing was performed in accordance with ASTM 
practice for salt/S02 spray (fog) testing ASTMG85A.4. (2) Testing was 
performed with 5% sodium chloride salt constant fog, with sulfur dioxide 
injection into the dispersion tower for one hour at six hour intervals. The nominal 
chamber temperature was 35°C   (95°F): the step specimens were bottom 
supported at a 45° angle by acrylic racks. The testing campaign was performed 
for four weeks and for much lesser periods if the corrosion was severe. The Cd 
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plated 4130 steel was examined daily. The visual observations were recorded. 
The Al step specimens were examined every other day except for holidays and 
weekends. 

Table 2 shows a comparison of laboratory and carrier environments. 
These results are averages over long time spans (1-5). 
Table 2 - Characteristics of Laboratory and Carrier Environments 

ASTM Conditions Acidifying 
Agent 

pH Temp,°C Relative 
Humidity,% 

G85.A4 Continuous 
salt spray 

so2 2.5- 
3.2 

35 95 

Shipboard Cyclic 
salt spray 

SOx,NOx, 
jet exhaust 
stack gases 

2.4- 
4.0 

23-29 71-87 

Weather Reports 
Weather reports were collected from hourly observations made by ship 

personnel (3). From these reports, data on temperature and relative humidity were 
taken four times daily at six hour intervals and analyzed. Conditions at the rack 
location mi.y have differed from the meteorological data because of microclimate 
effects. For example, it is anecdotally reported that temperatures immediately 
above the black carrier deck can reach 140°F (60°C) during bright sunlight. 
Relative humidity was obtained by a procedure discussed elsewhere (4). 

Aircraft Carrier Exposures 
The study of various alloys included exposure aboard aircraft carriers as 

part of a series of exposures for the last ten years. Figure 1 summarizes the results 
of previous testing and shows that the carrier environment is more severe than 
seacoast or industrial environments (2). However, large differences exist between 
theaters of operations. Environmentally, the Indian Ocean deployment during the 
monsoon season is far more severe than the Atlantic or Mediterranean Sea 
deployment from which previous comparisons were made. Susceptible aluminum 
exposed aboard nuclear powered carriers (no stack gases)exhibited behavior 
similar to that aboard conventionally powered carriers (stack gases with jet engine 
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exhaust). It appears that the acidity of moist films measured on carriers is due 
nrimarily to exhausts from aircraft jet engines . 

The exposure racks on which the specimens were mounted were on the 
flight decks. The racks were made of steel that had been cadmium plated, 
chromated, and painted. The specimens were insulated from the rack face by 
nylon washers and were fastened to the rack face with nylon bolts and nuts. 
Silicone sealant was applied in the bolt holes of the specimens and under the bolt 
heads to prevent crevice corrosion. The rack exposed the specimens at 45° to the 
horizontal. The steps of the specimens faced skyward. Single specimens of each 
material were exposed. 

The racks were attached to .-dar towers from 1.8 to T..' m (6 to 12 ft) 
above the flight deck aft of the carrier island. Specimens in this study were 
exposed aboard two conventionally powered aircraft carriers. The USS 
Constellation was deployed to the Western Pacific and Indian Oceans for seven 
months (February through September), which included exposure during the 
monsoon season. The USS John F. Kennedy was deployed to the Mediterranean 
Sea for eight months. The USS Nimitz was deployed to the Western Pacific and 
Indian Ocean over a five year period. The USS Ranger was deployed to the 
Western Pacific and the Persian Gulf for 4 months. The various results have been 
published elsewhere (5-10). 

Results and Discussions 
There has been considerable testing performed in various locations. There 

are pronounced differences in locations and environments. For instance, the 
Indian Ocean during the monsoon appears to be more severe than the Atlantic or 
Pacific. The work of Ketchrm. et al (2) showed a comparison of the various 
environment-   Figure 1 was first shown in their work (2) and is an excellent 
comparison. 

The macroscopic performance of the specimens after carrier exposure and 
laboratory testing was evaluated with the rating system of ASTMG34-87 (7). 
Thompson (7) discussed the procedure in detail. There are 8 by 10 in photographs 
that show the various rating systems. There are situations in which the corrosion 
cannot be compared to the ASTM standards. The results of recent tests are shown 
in Tables III and IV (8-10). 

Aircraft Carrier Exposures 
All shipboard exposed specimens were covered with a thin gray film. The 

analysis of similar films from previous exposures, indicated the film consisted 
largely of MIL-L-23699 engine oil deposits with some sulfur (2,5,7). The large 
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differences between similar specimens exposed aboard USS Constellation and 
USS Kennedy show a significant variation in corrosivity with deployment area (7). 

The behavior of 2090-T8E41 and other Al-Li alloys exhibited pitting or 
very slight exfoliation. (7) 

The shipboard exposures are from the USS Nimitz which was multiple 
deployment, the USS Ranger, which was a 4 month deployment, and a two year 
exposure in the Key West, Florida area (8-10). 

Figure 2 shows a typical rack prior to deployment. The preparation of the 
rack as discussed elsewhere (8-10). Figure 3 compares a 7075-T6 step specimen 
with a T7 temper. This was a multiple deployment over a 5 year time period. The 
severe corrosion (ED) of the 7075 T6 can be seen. The T7 temper exhibits only 
general corrosion. The side view of the 7075 T6 k shown in Fig re 4. The 
extensive exfoliation is readily available. Figure 5 compares a 7150-T651 alloy 
with a 2090 T8E41 alloy. The (E0) condition is readily apparent. The 2090 
shows only general corrosion. 

The results of the short time deployment of the USS Ranger is reported in 
table III. The results of the USS Nimitz multiple deployment is reported in table 
IV. 

The results of the real time testing shows the T6 plate exhibits exfoliation 
on the T/2 plane. The T-76 temper demonstrated the improved exfoliation 
resistance of the overaged T76 condition. The remaining aluminum alloy control 
specimens in flat sheet configuration showed only some pitting and general 
corrosion. The Al-Li alloy step specimens showed only general corrosion and 
some pitting as reported in table IV. 

After 2 years at Key West, Florida, a small amount of incipient exfoliation 
appeared on the T/2 plane of the 7075-T6. Figure 6a compares access panels of 
7075T6 and 209078 Al-Li alloy for the F/A-18. Figure 6b shows what looks like 
a slight blistering at the scribe mark. By comparison Fig 6b looks clean at the 
scribe marks. The behavior is basically comparable. 

The laboratory tests indicate at 96 hours the 0.3 mil and 0.5 mil Cd plated 
plate shows corrosion, and the 1 mil shows discoloration. These results are shown 
in Figure 7. This is similar to what is often seen on carrier exposure. 

Laboratory tests of 7075 T7 sheet shows general corrosion or pitting 
within 1-2 days. The 7075 T6 sheet shows delineation of the grain boundaries but 
no exfoliation. 7075 T6 step specimens in previous tests showed exfoliation on 
the T/2 plane (7) after 700 hours of exposure. It appears that S02-salt fog testing 
is a relatively good simulation for the type of behavior of the aircraft material 
except the time involved is much shorter and the acceleration time varies with the 
material. 
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Conclusion 
1. Shipboard exposure corrosion testing provides a real time test method for 
evaluating and ranking Naval aircraft materials and coatings. 
2. The improved exfoliation resistance of 7075 T7 (overaged) aluminum 
alloy over fully aged 7075 T6 was demonstrated, even after a relatively mild 
exposure. 

3. The general and pitting corrosion behavior of the aluminum lithium alloys 
(2090, 8090, and 1420, etc.), was comparable to that of the 7075-T7. 
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Table IV Exfoliation Rating of Aluminum Alloys 
Exposed on the USS Nimitz 5 Year Span 

Material Thickness Plane Rating 

7075-T651 Plate 1 in (2.5 cm) T/10 
T/2 

EA 
ED 

7075-T43 Plate ii T/10 
T/2 

EA 
EA 

7075 RRA Plate H T/10 
T/2 

EA 
EA 

7150-T651 Plate 0.5 in (0.6 cm) T/2 ED 

7150T7E95 n T/2 Pitting(<EA) 

7150T7651 II T/2 Pitting(<EA; 

2020 T651 1 in (2.5 cm) T/10 
T/2 

Pitting(<EA 
Pitting(<EA 

2090 T8E41 Plate 0.5 in (1.2 cm) T/10 
T/2 

Pitting(<EA 
it          H 

8090 T8 Plate 2 in (5.08cm) T/10 
T/2 

Pitting(<EA 
II          M 

CW67 Plate 0.25 in (0.6 cm) T/10 Pitting(<EA 

CW67 Plate 1 in (2.54 cm) T/2 Pitting(<E^ 

CW78 Plate 0.5 in (1.2 cm) T/2 it          M 

7064 Bl Plate 0.5 in (1.2 cm) T/10 
T/2 

it          II 

2519 (Plate) 0.5 in (1.2 cm) T/2 Pitting(<Ey 

2519 (Plate) M it T/10 it          H 

IA 



CO 

CD 

^j 

CO      2 

o 

z 
cvi    m 

LLJ 

CC 

CO 
O 
CL 
X 
Lu 

Cij 

cr 
LJ > 
LL 
co 
>- 
cr 
LU > 

> 
co Q 

O 

I 

co 

O z 

a. 

SOlOHd 6L - V£.D 1AJ1SV H3d 9NI1VH NOHVI10dX3 

A? 



*>■ 

• I • 

s   v. 

^  -2: 

rf 



füBffipw*" 

7075-T651 

(a)   Exfoliation on T/2 Plane 

7075-T7651 

Fig. 3 - Photograph of a step specimen consisting of 7075 - T6 
and T 7 after multiple deployments. 
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7 150-T651 

(a)   Exfoliation 

2090-T8E41 
0.5 IN 

Fig. 4 ■ Photograph of step specimens 7150 ■ T6 and 2090 - T8 
i.fler multiple deployments. 
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F/g. 5 - SiVfe V7>u' «/' 7075 - 76 alloy showing extensive Exf Ration. 
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7075 T6 

2090 T8 
(b) 

Fig. 6 - Access Panel from F/A -18 with Scribe Marks. 
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Fig. 7- Cadmium Plated Steel Panels after 120 hrs 
of laboratory SO Salt Spray. 
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