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STRF,SS CORROSION CRACKING OF ALUMINUM AND 
STEEL I N  DIMETHYL DICHLOROVINYL PHOSPHATE 

SUMMARY 

A few i n v e s t i g a t o r s  (1,2) have e v a l u a t e d  t h e  c o r r o s i v e n e s s  of d i l u t e  
s o l u t i o n s  of t h e  r e l a t i v e l y  new organic  phosphorus compound dimethyl- 
d i c h l o r o v i n y l  phosphate (DDVPFwith r e g a r d  t o  a i r c r a f t  m a t e r i a l s ,  bu t  
no stress c o r r o s i o n  d a t a  have been repor ted .  Because of t h e  p o s s i b l e  
use of t h i s  compound f o r  d i s i n s e c t i o n  (removal of i n s e c t )  of commercial 
a i r c r a f t  making i n t e r n a t i o n a l  f l i g h t s ,  t h e  stress c o r r o s i o n  c racking  
(SCC) s u s c e p t i b i l i t y  of aircraft  s t r u c t u r a l  materials i n  d i l u t e  s o l u t i o n s  
of DDVP 
p e r c e n t  sodium c h l o r i d e  (NaC1) s o l u t i o n .  

w a s  e v a l u a t e d  and compared t o  t h a t  i n  d i s t i l l e d  water and 3.5 

The r e s u l t s  of t h i s  i n v e s t i g a t i o n  i n d i c a t e d  t h a t  t h e r e  i s  no 
s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  SCC s u s c e p t i b i l i t y  of 2024-T351 and 
7075-T651 aluminum and 18 N i  maraging s teel  i n  d i l u t e  s o l u t i o n s  (0 ,001 
t o  0.1 percent )  of DDVP t h a n  i n  d i s t i l l e d  water. 
found t o  be more s u s c e p t i b l e  t o  SCC i n  3.5 p e r c e n t  sodium c h l o r i d e  
s o l u t i o n  t h a n  i n  DDVP. 

These a l l o y s  w e r e  

9: Also  known as Dichlorvos 

INTRODUCTION 

The World Heal th  Organiza t ion  h a s  recommended t o  member states a n  
au tomat ic ,  i n - f l i g h t ,  d i s i n s e c t i o n  system o r  a e r o s o l  d i s i n s e c t i o n  on 
t h e  ground upon a r r iva l  t o  r e p l a c e  t h e  e x i s t i n g  i n - f l i g h t  "bug bomb'' 
method of i n s e c t  c o n t r o l  f o r  p r e s s u r i z e d  a i r c r a f t  on i n t e r n a t i o n a l  
f l i g h t s .  The recommended au tomat ic  i n - f l i g h t ,  d i s i n s e c t i o n  i s  based 
on design parameters  recommended by t h e  United S t a t e s  P u b l i c  Heal th  
S e r v i c e  which provides  f o r  t h e  d i s p e r s i o n  of DDVP. 

There are many f a c t o r s  t o  be cons idered  i n  t h e  use of t h e  proposed 

Another important  cons idera-  
system, such as;  f e a s i b i l i t y ,  entomological  a s p e c t s ,  t o x i c i t y  to humans, 
and a c c e p t a b i l i t y  t o  crew and passengers .  
t i o n  i s  t h e  e f f e c t  of t h e  d i s i n s e c t a n t  on t h e  service l i f e  of t h e  a i r -  
c r a f t .  A few i n v e s t i g a t o r s  (1,  2) have e v a l u a t e d  t h e  c o r r o s i v e n e s s  of 
DDVP on t h e  s t r u c t u r a l  components, but  no stress c o r r o s i o n  d a t a  have 
been generated.  A t  t h e  r e q u e s t  of t h e  F e d e r a l  Avia t ion  Adminis t ra t ion ,  
Aeronaut ica l  Center ,  a n  i n v e s t i g a t i o n  w a s  undertaken t o  genera te  SCC d a t a ,  



EXPERIMENTAL PROCEDURES 

Aluminum a l l o y s  2024-T351 and 7075-T651 were t e s t e d  because t h e s e  
are t h e  two most p r e v a l e n t  s t r u c t u r a l  metals i n  commercial a i r c r a f t ,  
and 18 n i c k e l  maraging s tee l  w a s  t e s t e d  t o  r e p r e s e n t  t y p i c a l  s teel  
components and f a s t e n e r s .  Round t e n s i l e  specimens were t aken  from t h e  
s h o r t  t r a n s v e r s e  g r a i n  d i r e c t i o n  ( th i ckness )  of 50.8 t o  76.2 mm (2 t o  
3 in)  t h i c k  p l a t e  of t h e  aluminum a l l o y s  and from t h e  long t r a n s v e r s e  
d i r e c t i o n  (width) of 6.35 mm (1 /4  in)  t h i c k  p l a t e  of t h e  maraging s teel .  

All t h e  aluminum specimens were e t ched  f o r  30 seconds i n  a 5 p e r -  
c e n t  s o l u t i o n  of sodium hydroxide,  desmutted i n  concen t r a t ed  (70 percent )  
n i t r i c  a c i d  and r i n s e d  i n  water. 
w e t - g r i t  b l a s t e d  w i t h  " f a s t - cu t "  (qua r t z )  No. 325 a b r a s i v e  t o  remove 
s u r f a c e  ox ides ,  r i n s e d  i n  water, and dipped i n  a l c o h o l  t o  f a c i l i t a t e  
drying. The specimens were p laced  i n  s t r e s s i n g  assembl ies  and s t r e s s e d  
i n  d i r e c t  t e n s i o n  by p r e s s i n g  t h e  s i d e s  of t h e  a s sembl i e s  toward t h e  
c e n t e r  u n t i l  t h e  d e s i r e d  s t r a i n  i n  t h e  specimens, as measured wi th  a n  
ex tensometer ,  w a s  ob ta ined .  A s t r e s s i n g  f i x t u r e  w a s  used so t h a t  bo th  
s i d e s  w e r e  depressed  a n  e q u a l  d i s t a n c e  t o  i n s u r e  a s imple ,  u n i a x i a l  
stress i n  t h e  specimens. The s t r e s s i n g  f i x t u r e  and s t r e s s i n g  assembl ies  
w i th  specimens i n  p l a c e  are shown i n  F igu re  1. 
c r i p t i o n  of t h e  test  specimen and method of l oad ing  i s  g iven  i n  R e f .  3 .  

The maraging s tee l  specimens w e r e  

A more d e t a i l e d  des- 

Before exposure ,  t h e  mechanical p r o p e r t i e s  of t h e  a l l o y s  w e r e  
measured i n  t h e  d i r e c t i o n  of t e s t i n g .  A f t e r  l oad ing ,  t h e  specimens t o  
be exposed were wiped wi th  ace tone  and p laced  i n  one l i t e r  beakers .  
Three specimens loaded t o  50 pe rcen t  of t h e  y i e l d  s t r e n g t h ,  t h r e e  
specimens loaded t o  75 p e r c e n t ,  and t h r e e  u n s t r e s s e d  c o n t r o l  specimens 
were p laced  i n  each beaker (F igure  2). S o l u t i o n s  of 0.001, 0.01, and 
0.1 pe rcen t  DDVP and 3.5 pe rcen t  N a C l  were prepared .  
water used i n  t h i s  i n v e s t i g a t i o n  conta ined  less than  0.5 ppm i o n i z a b l e  
c h l o r i d e s ,  had a pH of 6.4 and a s p e c i f i c  r e s i s t a n c e  of 130,000 ohm-cm. 
There were no measurable c h l o r i d e s  (less than  0.6 percent )  i n  any of 
t h e  DDVP s o l u t i o n s  and t h e  pH and s p e c i f i c  r e s i s t a n c e  of t h e  0.001 and 
0.01 pe rcen t  s o l u t i o n s  were similar t o  those  of t h e  d i s t i l l e d  water. 
The 0 .1  pe rcen t  s o l u t i o n  showed a d i f f e r e n c e  i n  both t h e  pH v a l u e  (5.0) 
and s p e c i f i c  r e s i s t a n c e  (78,000 ohm-cm). None of t h e  s o l u t i o n s  showed 
any change i n  excess  of 0.5 pH dur ing  exposure.  S u f f i c i e n t  volume 
(approximately 200 m l )  of each  s o l u t i o n  w a s  added t o  t h e  beakers  so  
t h a t  t h e  specimens were h a l f  submerged. The beakers  were n o t  covered 
and d i s t i l l e d  water w a s  added d a i l y  t o  compensate f o r  l o s s  by eva- 
po ra t ion .  To remove a specimen from t e s t ,  t h e  s o l u t i o n  w a s  brought t o  

The d i s t i l l e d  
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t h e  o r i g i n a l  l e v e l  i n  t h e  beaker wi th  d i s t i l l e d  water, t h e  specimen o r  
specimens w e r e  removed and t h e  s o l u t i o n  w a s  r e t u r n e d  t o  t h e  o r i g i n a l  
l e v e l  by t h e  a d d i t i o n  of t h e  s p e c i f i c  test  s o l u t i o n .  Thus, t h e  volume 
of s o l u t i o n  w a s  n o t  t h e  same a t  t h e  beginning and end of t h e  test  except  
when no specimens w e r e  removed. The s o l u t i o n s  t h a t  were added w e r e  p re -  
prepared  a t  t h e  beginning of t h e  test  so  t h a t  t hey  would have the  same 
s t o r a g e  t i m e  as t h e  test s o l u t i o n s .  The test  d u r a t i o n  w a s  42 days 
(approximately 1000 hours) except  f o r  p r i o r  f a i l u r e s .  Da i ly  v i s u a l  
i n s p e c t i o n s  w e r e  made and cracked specimens were removed, r i n s e d  and 
a i r  d r i ed .  Meta l lographic  examinat ion of s e l e c t e d  specimens w a s  made 
wi th  a Scanning E l e c t r o n  Microscope (SEM) t o  v e r i f y  and r eco rd  t h e  
mode of f a i l u r e .  A f t e r  t h e  test  w a s  te rmina ted ,  t h e  s o l u t i o n s  were 
s e n t  t o  t h e  Technica l  Development Labora to r i e s ,  Center  f o r  Disease 
Cont ro l  ( M r .  J. A. Jensen)  f o r  a n a l y s i s .  

RESULTS AND DISCUSSION 

The r e s u l t s  of t h e  a n a l y s i s  of t h e  DDVP s o l u t i o n s  a f t e r  exposure 
are shown i n  Appendix I. Pronounced decomposition of t h e  DDVP occurred  
as w a s  i n d i c a t e d  i n  t h e  p r e v i o u s l y  r e fe renced  r e p o r t s .  Chlor ide  
contaminat ion of t h e  s o l u t i o n s  as i n d i c a t e d  by t h e  a n a l y s i s  i s  no t  
s u r p r i s i n g  because t h e  tests were conducted i n  open beakers  i n  l abora -  
t o r y  exhaus t  hoods wi th  no s p e c i f i c  p recau t ions  t aken  t o  prevent  chlo-  
r i d e  contaminat ion.  It i s  assumed t h a t  c h l o r i d e  contaminat ion of DDVP 
d i s i n s e c t a n t  w i l l  occur  i n  s e r v i c e  a l s o .  

The stress co r ros ion  r e s u l t s  ob ta ined  i n  t h i s  i n v e s t i g a t i o n  are 
l i s t e d  i n  Table  I. The aluminum a l l o y s  w e r e  s t r e s s e d  w e l l  above t h e i r  
SCC t h r e s h o l d  t o  assure f a i l u r e  i n  d i s t i l l e d  water f o r  comparison wi th  
t h e  specimens i n  t h e  DDVP s o l u t i o n .  Specimens of both aluminum a l l o y s  
f a i l e d  i n  a l l  f i v e  tes t  s o l u t i o n s ,  and f a i l u r e  of t h e  maraging steel 
specimens w a s  encountered i n  d i s t i l l e d  water, 0 .1  pe rcen t  DDVP, and t h e  
3.5 pe rcen t  salt  s o l u t i o n .  There w a s  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  
rate of f a i l u r e  i n  t h e  d i s t i l l e d  water and t h e  DDVP s o l u t i o n s  but  t h e  
t i m e  t o  f a i l u r e  i n  t h e  s a l t  s o l u t i o n  w a s  cons ide rab ly  s h o r t e r  t han  i n  
t h e  o t h e r  test  media. The mode of f a i l u r e  i n  a l l  t h r e e  s o l u t i o n s  w a s  
similar and t y p i c a l  of b r i t t l e  SCC as i n d i c a t e d  by t h e  SEM f rac tog raphs  
i n  F igu res  3 th rough 7.  
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CONCLUSIONS 

The r e s u l t s  ob ta ined  i n  t h i s  i n v e s t i g a t i o n  i n d i c a t e d  t h a t  t h e  
stress co r ros ion  c rack ing  s u s c e p t i b i l i t y  of 2024-T351 and 7075-T651 
aluminum and 18 n i c k e l  maraging steel is  n o t  a c c e l e r a t e d  by exposure 
t o  low concen t r a t ions  up t o  0 .1  pe rcen t  DIXrP. That  i s ,  SCC sus- 
c e p t i b i l i t y  w a s  found t o  be no worse i n  DDVP t h a n  i n  pure d i s t i l l e d  
wa te r . and  b e t t e r  ( longer  l i f e  and less degrada t ion  of t e n s i l e  s t r e n g t h )  
t han  i n  a 3.5 pe rcen t  sa l t  s o l u t i o n .  

4 
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APPENDIX I (Continued) 

CHLORIDES - O R I G I N  AND QUANTITIES 

The DDVP had 22 ppm of ch lo r ides  before  d i l u t i o n  wi th  water. 

T o t a l  conversion of DDVP f r e e i n g  t h e  ch lo r ides  would c o n t r i b u t e  

3.2 ppm (2) f o r  t h e  .001% (l) s o l u t i o n s ,  32 ppm, and 320 ppm f o r  t h e  

.01% and .l% s o l u t i o n s ,  r e spec t ive ly .  

CHLORIDES 

Solu t ion  
No. ~ -(%I 

1 .001 

4 . O l  

7 .1 

(1) 10 pprn DDVP 

(2) pjlol. w t .  E l  

I n  DDVP 
Ippm) 

00022 

.0022 

,022 

= 35.5 

Mol. w t .  DDVP. = 221 

Calcula t ion  s o l u t i o n  1: 

T o t a l  

(ppm 
Conversion 

3 .2  

32.0 

320.0 

10 x 2 

NOTE: More ch lo r ide  w a s  found i n  Nos. 1 

T o t a l  
.o 
3.20022 

32.0022 

320.0 

x 35.5 F 

Found 
Ippm) 

13 

13  

18 

221 = 3.2 ppm 

- 3 than  t h e  DDVP could 

genera te ;  it is  l i k e l y  t h a t  contamination occurred. 

7 



F i g u r e  I .. F i x t u r e  and Assemblies f o r  S t r e s s i n g  Round T e n s i l e  Specimens 
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F i g u r e  2 - Yxposare Method 
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Figure  3 - SEM Frac tograph  (lOOOX) of 2024-T351 (Top) 
and 7075-T651 (Bottom) Exposed i n  D i s t i l l e d  
Water 
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Figure  4 - SEM Frac tog raph  (lOOOX) of Maraging Steel 
Exposed i n  D i s t i l l e d  Water 
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Figure  5 - SEM Frac tograph  (1OOOX) of 
7 0 7 5 -T 65 1 (Bottom) Exposed 

2024-T351 (Top) and 
i n  .001 Percen t  DDVP 
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Figure 6 - SEM Fractograph (ZOOOX) of Maraging Steel 
Exposed in 0.1 Percent DDVP 

13 



14 

Figure  7 - SEM Fractograph (lOOOX) of 2024-T351 (Top) 
and Maraging S t e e l  (Bottom) Exposed i n  3 .5  
Pe rcen t  S a l t  
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