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ABSTRACT 

Sta t ic  corrosion t e s t s  were conducted w i t h  annealed 28 aluminum 
panels exposed t o  5 pelvent borax solutions and 25 percent lead 
acetate solutions a t  room temperature. 
i n  the lead acekate solutions (1.7 mils/month) and less severe i n  
sodium borate solutfons (0,031 milsfmonth). 
daage appeared t o  be the r e s u l t  of d i r ec t  chemical a t tack and was 
generally of a uniform na twe  with very minor localized at tack.  

Corrosion at tack was severe 

I n  a l l  cases, corrosion 

Water-line attack was studied by p a r t i a l  immersion of the 
specimens i n  the corroding media and m s  of minor consequence i n  
the borax solution6 but was very pronounced on the panels immersed 
i n  lead acetate.  

Various organic-type protective coatings were employed t o  prevent 
corrosion at tack on 25 aliuninurn by lead acetate  solutions,  
lacquer and Pruf-cote were found t o  be the most r e s i s t a n t .  

Bakelite 

TEST DATA 

A )  Samples and Preparation 

form of dinensions 1/8 x 1-1/4 x 2-112 inches, 
annealed a t  245 ' e .  

The 25 aluminum used for the corrosion t e s t s  was i n  rectangular 
The samples were 

This material. had the following chemical analysis: 

S f lic on 
Iron 0.54 
Copper 0.15 
Aluminum balance 

0.25 percent 

Prior  t o  exposure t o  the corrosive media the natural aluminum 
oxide f i b  was removed from the metal by a 30 second immersion i n  
2 percent hydrofluoric acid. 
dried a t  110 OC, and weighed. A t  the completion of the corrosion 
tests, adhering corrosion products and/or films were removed by a 
20 minute immersion i n  a solution containing 5 percent phosphoric 
acid and 2 percent chromic acid a t  50-55 OC. 
washed i n  cold water, r insed i n  alcohol, dried a t  110 %, and 
reweighed for  determination of weight losses. 

Specimens were then rinsed i n  alcohol, 

The specimens were 

$This document contains r e s t r i c t ed  data within the meaning 
of the Atomic Energy A c t  of 1946 and/or information affect ing 
the National defense of the United States within the meaning 
of the Espionage Act, 'j0 U.S.C. 31 and 32 a s  mended, 
transmission or the revelation of its contents i n  any manner 
t o  an unauthorized person is prohibited and may r e s u l t  i n  
severe criminal penalty. 
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Test solutions were made by dissolving the necessary quantit ies 
of commercially pure borax and lead acetate i n  demineralized water. 
The demineralized water had the following average composition: 

Dissolved so 2 ids  
Dissolved CO 

Si02 
Fe 
A 3  
cu 
Ca 
c 1  
so4 Na 

7.0 
8.0 
12.0 
0.05 
0.06 
0.02 
0.14 
0.28 

17 .o 
1.8 

A l l  t e s t s  were conducted a t  25-30 OC. The solution volume/ 
specimen area r a t i o  was 80 ml/crn2. 

The alumimm panels were exposed t o  the test solutions i n  
three positions: 

a )  complete immersion 
b) 
c )  exposure t o  solution vapors 

p w t i a l  immersion ( f o r  water-line a t tack)  

The exposure time for  specimens exposed t o  the borax solutions 
was 1512 hours; the exposure time in  the lead acetate  solutions 
was 907 hours. 
found t o  be 9.9. 

The average pH of the sodium borate solutions was 

All tes ts  were run i n  duplicate and the  following corrosion 
data was based on the average of the r e su l t s  obtained from duplicate 
specimens . 
B )  Sodium Borate Corrosion Tests 

Sample Max.pit P i t  C O U t  W t . l O S 8 ,  Penetration r a t e ,  
posit ion &epth,mi12 Eer sq.cm. mg. /sq. dcm. mils/month 

Conplete immersion 2.0 0 . 3  442 0.31 

Vapor exposure 1 .2  0.07 9 0.005 
P a r t i a l  imnersion 2.0 0 .1  279 0.19 



Water-line attack was not pronounced and was on the same order 
of magnitude as  attack on the specimens which were colnpletely 
immersed. 

I n  a11 cases, p i t t i n g  attack was almost negligible and the 
specimens exhibited a uniformly etched appearance rather than an 
intensif ied localized attack. 

C )  Lead Acetate Corrosion Tests 

Sample 
posit ion 

P i t  count Wt . loss, Penetration r a t e ,  
per sq.cm. mg. /sq. dcm . mils/month 

Complete immersion neg , 
P a r t i a l  immersion neg . 
Vapor exposure neg . 

1452 1.70 
866 0.90 

7 0.~108 

Large, bulky masses of lead were deposited on the surfaces 
of the aluminum. 
posit ions of these two elements i n  the electromotive ser ies ,  After 
the removal of the metallic lead, the sanple surfaces showed severe 
uniform corrosion at tack with very l i t t l e  p i t t i ng .  

This reaction was expected due t o  the r e l a t ive  

Water-line a t tack  was very evident but corrosion damage at 
these points again appeared as  a result  of d i r ec t  chemical a t tack.  
There was no pronounced localized corrosion attack a t  these areas.  

Protective Coatings - Lead Acetate ,Corrosion Tests 

Various types of protective organic coatings were applied t o  2s 
aluminum panels and exposed t o  the 25 percent lead acetate  solution, 
The specimens were completely immersed f o r  907 hours a t  25 OC. 

Protective Final condition Wt.loss of 2s A l ,  Penetration r a t e  of 
coating of coating mg . /sq . dcm . 2s AI, rnils/month 

Bakelite excellent n i l  n i l  
Pruf -cote good neg neg . 
Zincilate badly b l i s t e red  95 0.152 
P en-Kot e swollen wt. gain "-- 

The first t w o  materials exhibited very good protective 
properties.  
coatings swelled and bl i s te red  badly, 

The last two materials were unsatisfactory since the 



The Bakelite lacquer fi lm was superior t o  the Pruf-cote film 
i n  offering the be t te r  resistance t o  a t tack by the lead acetate 
solution. 
exposure. 
of cloudiness and s l igh t  attack a t  the end of the t e s t .  

This film remained cmple te ly  unaffected during the 
The Pruf-cote film, although protective,  showed signs 

The Bakelite lacquer application consisted of three coats, 
allowing 4 hours for  air-drying between coats.  This procedure 
may be considerably shortened, depending upon the nature of the 
a r t i c l e  being coetod, by normal drying for  30 mlnutes followed 
by a 20 minute baking period a t  275 OC for each coat .  

From the results of th i s  investigation, the  following con- 
clusions may be drawn: 

* -  

Annealed 2s aluminum i s  rapidly attacked i n  23 perccnt 
lead acetate solutions at room temperature and is less 
rapidly attacked i n  5 percent borax solutions. 
corrosion attack as a l inear  function of' time, penetration 
ra tes  of 0.020 and 0.004 inches per year, respectively, 
were obtained. 

Assuming 

Corrosion damage i n  both solutions was characterized by a 
uniform, d i rec t  chemical attack rather  than an intensif ied 
localized at tack,  

Water-line attack was pronounced only i n  the case of' 
exposura t o  the lead acetate solution. 

Bakelite lacquer proved v e r y  effect ive i n  preventing 
corrosion at tack on 2s alwainwn exposed t o  25 percent lead 
acetate  solutlon. 

' c $  ?.2, \ \ \ c; Jmes L. English 
Engiieering Materials Soc t ion  IV 
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