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INTRODUCTION 

The compatibility of aluminium in the presence of a wide variety of non- 
metallic materials and corrosive saltwater has been the subject of study at 
our laboratories for many years. These studies have provided guides 
for evaluating the durability of aluminium bonded joints since an 
adhesive is only another form of nonmetallic material. A widely ac- 
cepted standard test has been ASTM B117 which provides continuous 
joint exposure to a 5% sodium chloride salt fog. Publications in recent 
years,'-9 have cited test conditions where the exposure to saltwater 
has been intermittent rather than continuous. This was consistent with 
our observation in earlier years of investigating joint durability that 
continuous immersion in 3-1/2% sodium chloride solution was the most 
innocuous of exposures and less aggressive than immersion in deionized 
or distilled waters. Since 1978, our publications have included exposure 
results obtained by daily exposures to continuous salt fog for 16 hours 
followed by drying under ambient lab temperatures for 8 hours. We 
had also used an immersion of aluminium structures in 3-1/2%' salt- 

?Presented at the Seventh Annual Meeting of The Adhesion Society, 

$Now Consultant, I Harleston Green, Hilton Head Island, SC 29928, U S A .  
Jacksonville, Florida, U.S.A., February 13-1 5, 1984. 
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water for 10 minutes of each hour for stress corrosion evaluations. 
Most recently, the author has been seeking the most economical way 
for customers to evaluate the corrosion resistance of aluminium joints 
without the need for any special test equipment. A discriminating pro- 
cedure has been simply to immerse test joints in 3-1/2'%0 saltwater over- 
night and dry out in ambient air during the work day. It was the 
purpose of this investigation to determine the relative aggressiveness of 
some of these procedures. 

EXPERIMENTAL 

The test specimens conformed to those described in ASTM D1002-72 
except the lap depth was 25.4 mm (1 .O in.) and the joints were fabricated 
separately from 25.4 mm x 101.6 mm (1 in. x 4 in.) sheet coupons. 
The alloy was 6009-T4 in 1.27 mm (0.050 in.) thickness and the mill 
finish surface condition. A one-part, heat-cured epoxy adhesive 
modified to bond to oily or poorly prepared surfaces was employed. 
A one hour cure at 204C (400F) was used to assure good surface wetting 
and full curing. 

Three sets of test conditions were selected for comparison: 
( I )  ASTM B117 consisting of continuous exposure at 35C (95F) to 

a fog generated with a 5% sodium chloride solution. 
(2) Alcoa Alternate Immersion Procedure based on immersion for 

10 minutes of each hour in 3--1/2% sodium chloride solution. Hereafter 
referred to in the text as the A.I. (10 min./hr.) procedure. 

(3) The author's modification of the alternate immersion procedure 
consisting of overnight immersion in 3-1/20/, sodium chloride and an 
8 hour drying out under ambient temperature conditions. Hereafter 
referred to in text as A.I. (daily cycle). 

Test joints were removed from each exposure condition after 10, 
20, 30, 40, 50 and 60 days and failed in a tensile tester and the results 
compared. 

RESULTS 

The results have been summarized in Table I and plotted in Figure 
one. 
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M ASTM 0117 exposure 
W A.I. (1 0 rninJhr.1 exposure 
H A.I.( daily cycle) exposure ’ 

0 0 

500 1000 1500 
Exposure time in hours 

Joint Durability Results in Various Saltwater Exposure Conditions. FIGURE I 

ASTM B117 (5% continuous salt fog) 

No evidence of any corrosion was observed on the adherend inter- 
facial surface during the first 50 days (1200 hrs.) of exposure. Even 
after 60 days (1440 hrs.) only a tiny spot of apparent corrosion had 
been initiated but no decline in joint strength was found. 
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SALTWATER EXPOSURE OF JOINTS 
A.I. (10 min./hr.) exposure 
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Significant undercutting corrosion from the edge of the joints was 
observed in as short an exposure time as 20 days (480 hrs.). Once 
initiated, the corrosion proceeded rapidly across the interfacial area 
so that total joint failures were observed in as short a time as 30 days 
(720 hrs.). Apparently identically fabricated joints can show significant 
differences in the induction time necessary for undercutting corrosion 
to be initiated since some joints in this aggressive exposure did not 
totally fail even after 50 days (1200 hrs.). 

A.I. (daily cycle) exposure 

Reducing the number of wet/dry soak cycles per day from 24 to 1 
increased the induction time to observe corrosion in the joint from 
20 days (480 hrs.) to 30 days (720 hrs.), respectively. Once initiated, 
however, the'corrosion progression was equally rapid so that total joint 
failures were still observed in the daily cycle, low-cost type test procedure 
within only 40 days (960 hrs.). 

CON CLUSlO NS 

Although it is common practice to judge the sensitivity of a bonded 
joint to corrosive saltwater conditions by its ability to resist visual 
corrosion in 500 or 1,000 hours of ASTM B 1 1  7 exposure, the results 
of this investigation showed such a criterion could be passed by 
aluminium joints with no special surface preparation. Exposure to wet/ 
dry saltwater cyclying conditions, however, could distinguish a much 
greater sensitivity to corrosive saltwater within a period of less than 
500 hrs. Increasing the frequency of cycling tended to accelerate the 
testing and decrease the induction time to observe edge corrosion initia- 
tion. A low-cost wet/dry cyclic procedure was also shown which could 
distinguish corrosive saltwater sensitivity in less than 1,000 hrs. 
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