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Introduction 
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Salt spray exposure and electrochemical 
impedance spectroscopy @IS) are two proof 
tests used to evaluate corrosion resistant 
conversion coatings. Because of the disparate 
nature of the test methods and the data generated, 
there is a question as to is whether a relationship 
exists between the results of the two tests. A 
second question is whether an EIS method can 
predict performance in a shorter amount of time 
and with greater sensitivity than salt spray. These 
issues have not been fully addressed by previous 
studies. 

A recently completeh study (1) provided an 
opportunity to explore the relative merits of these 
two types of tests and to determine if the results 
might be related in some way. In this study, 33 
different conversion coatings were applied to 5 
different aluminum alloy substrates. Salt spray 
exposure testing and EIS were conducted for the 
purpose of making a comparison. Using this 
large sample population, the results of the two 
test procedures were compared, and a 
relationship was developed. 

Experimental 

The composition of the A1 alloy substrates used 
are listed in Table 1. Various chromate and non- 
chromate conversion coatings were applied to test 
panels. Coatings were applied by process 
vendors or developers. The coatings and 
suppliers are listed in (1). 

Salt spray testing was conducted according to 
ASTM B 117 which specifies exposure to a 5% 
salt fog at 95” F. A total of five panels were 
tested for each coating on each alloy. The 
condition of each panel was compared against 
the ME-C-5541E performance criterion which 
states that no more than 5 individual pits or spots 
not greater than 0.31” in diameter may be present 
on a given panel. Based on this criterion, panels 
were given a pass or fail ranking at inspection 
intervals of 24,48,96, and 168 hours. 

EIS testing was conducted by exposing coated 
panels to aerated 0.5 M NaCl solution far 24 +1 
hours at 23k3” C then conducting an impedance 
scan over frequencies ranging from 10 kHz to 10 
mHz. EIS data were interpreted using an 
equivalent circuit model consisting of a solution 
resistance in series with a parallel element 
combination consisting of a constant phase 
element and a resistor. The parallel elements 
accounted for the impedance response of defects 
formed in the coating during exposure. The value 
of the resistor in this parallel combination, termed 
R,, was used as the figure of merit fi-om an EIS 
proof test. 

Results 

At each inspection interval in the salt spray test, 
each panel passed or failed the MIL-C-5541E 
performance criterion of 5 pits per panel and a 
panel was assigned a “1” if it passed and a “0” if 
it failed. The values were summed and divided 
by 5 to yield a value varying between 0 and 1 
representing the combined performance of the 
five panels. This value was termed the passing 
frequency (PF). Each PF value was then paired 
with its corresponding R, value determined from 
EIS testing such that each coating had a unique 
data pair: 

For each alloy at each inspection interval the set 
of data pairs were ordered by increasing R,. A 
new data pair was then created: 

(xi,zi) = (R,,CPF) (eq. 2). 

The cumulative passing frequency (CPF) for the i 
th alloy-coating combination was determined by 
performing the following operation on the sorted 
data set: 

The pairs R,CPF) are a relationship between 
EIS and salt spray test results that can be used as 
the basis for estimating the probability of finding 
a salt spray test panel with less than 5 pits for a 
given value of R, measured by an impedance 
test. 

Linear regression analysis was used on non- 
censored data to derive a relationship between 
CPF and R,. Separate parameters were calculated 
for each alloy. Using these relations, an R, value 
corresponding to an 80% CPF (Rw) was 
computed. Table 2 summarizes the Rm values for 
each of the 5 alloy substrates. 
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It is proposed that the R, values define the 
minimum value for which a passing salt spray 
result should be regularly expectedTable 3 
summarizes results of an evaluation of 
conversion coated 2024-”3 prepared in an 
independent study (2). This table shows that 
passing salt spray result occurs when the R, 
value measured by EIS is greater than the R, - 

value, a marginal salt spray result occurs when 
R, is nearly equal to bo, and failing salt spray 
result occurs when R, is less than $,,. These data 
suggest that the % values determined from a 24 
hour EIS proof test may be applied as a 
reasonable substitute for the more lengthy 168 
hour salt spray proof test. 
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Table 1. Nominal compositions of the 
aluminum alloys used in this study. 

Table 2. Rgo values computed using the 
regression analysis. 

x PF hreshold 
Alloy from Regression 

Models 
(ohm*cm2) 

356 1.87 x lo6 
2024T3 2.11 x lo6 

3003 1.84 io7 

6061-T6 2.09 x lo6 

7075-T6 8 . 8 0 ~  lo6 

Table 3. EIS and Salt Spray Proof Test Results 
for Conversion Coated 2024-T3. 

2024-T3 R, Salt Spray 
Sample (ohm*cm2) Result 

bare 2.6 x lo“ fail 
lightcoat 6 . 2 ~  lo4 fail 
heavy coat 2.7 x lo6 pass 

heavy coat 1.0 x lo’ pass 
plus seal (no corrosion) 

(Stained) 

Alloying Element 
W O )  

Alloy Cu Mg Zn Si Mn Cr 

--- 0.3 _-- 7.0 --- __- 356 

2024-T3 4.4 1.5 --- --- 0.6 --- 
1.2 --- 0.1 _-- --- _ _ _  3003 

2 
6061-T6 0.3 1.0 --- 0.6 --- 0.2 
7075-T6 1.6 2.5 5.6 --- --- 0.: 
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manufacturer, or otherwise does not necessarily constitute or impIy its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 


