


can be prevented by imposing a compressive s t ress  on the surface exposed t o  t he  
cor ros ive  environment. Nevertheless, the app l i ca t i on  o f  t h i s  pr ' inc ip le for' con- 
t r o l l i n g  SCC i s  no t  w ide ly  p rac t i ced  i n  indust ry ,  a t  l e a s t  n o t  f o r  the s t a i n l e s s  
s tee ls .  With respect t o  i n te rg ranu la r  cor ros ion  (IGC) , Bain, Aborn, and Rutherford 
(1933) demonstrated some 40 years ago t h a t  co ld  working o f  a u s t e n i t i c  s t a i n l e s s  
s tee l s  by  co ld  r o l l i n g  g rea t l y  reduced t h e j r  s u s c e p t i b i l i t y  t o  i n te rg ranu la r  
a t tack  i f  they were subsequently exposed t o  s e n s i t i z i n g  temperatures. However, 
because the e n t i r e  bu lk  o f  the a l l o y  had t o  be treated, excessive work hardening 
occurred. Thus, as l a t e  as 1967 i t  was s t i l l  being publ ished t h a t  co ld  working 
f o r  t h i s  purpose was n o t  a recommended o r  p r a c t i c a l  procedure (Fontana and Green, 
1967). The p re fe r red  methods o f  cor ros ion  con t ro l  have been and cont inue t o  be 
(1 )  heat  treatments t o  r e l i e v e  res idua l  st resses and t o  minimize the r i s k  o f  SCC, 
( 2 )  s o l u t i o n  annealing t o  e l im ina te  chromi um-depleted zones and remove g ra in  
boundary carbides, and (3 )  s t r i n g e n t  con t ro l  o f  the environments t o  minimi ze the 
contamination tha t  can promote e i t h e r  o r  both o f  these cor ros ion  modes. 

This repo r t  addresses the app l i ca t i on  o f  one s p e c i f i c  co ld  working procedure, 
con t ro l l ed  shot peening, as a p r a c t i c a l  method o f  prevent ing both SCC and IGC, 
F i r s t ,  shot  peening imposes a compressive s t ress  on the surface t h a t  can negate 
the t e n s i l e  stresses, res idua l  o r  appl ied,  t h a t  are reqtr ired f o r  SCC. Second, 
shot peening uni formly co ld  works the surface o f  the workpiece; therefore, i t  can 
e f f e c t i v e l y  reduce s u s c e p t i b i l i t y  t o  IGC. Third,  the con t ro l l ed  shot-peening 
process i s  adaptable t o  most wrought o r  cas t  products o r  fabr ica ted components, 
regardless o f  s i ze  and shape. 

MATERIALS AND PROCEDURES 

The mater ia ls  covered i n  t h i s  study were the a u s t e n i t i c  s ta in less  s tee l  Types 304, 
316, 321, and 347. Conventional U-bend specimens used i n  the SCC scoping tes t s  
were o f  Type 304 s ta in less  s tee l  s t r i p ,  0.090-in. (0.23-cm) o r  0.125-in. (0.32-cm) 
thickness. The coupons used f o r  i n te rg ranu la r  corrosion tes t s  were o f  Type 304 
s ta in less  s tee l ,  1 /4- in . - th ick  (0.64-cmj p la te .  The scale-up weided p ipe  specimens 
were o f  Types 321 o r  347 s ta in less  s tee l ,  wh i le  the hexagonal tube was Type 316 
s ta in less  s tee l .  The 8 - f t  (244-cm) length  o f  6-in.-diameter (15.2-cm) pipe was 
Type 304 s ta in less  s tee l .  Except f o r  the Type 316 s ta in less  s tee l  hexagonal tube, 
which was 20% co ld  worked, a l l  mater ia l  was i n  the solution-annealed cond i t ion .  

Peening was done using commercial peening equipment and procedures. A1 1 t e s t  
specimens were peened manually except the  8 - f t - l ong  (244-cm) p ipe  sect ion,  whi ch 
was peened by a f u l l y  automated process on both outs ide and i n s i d e  diameters. 

The conventional peening mater ia l  was cas t  s tee l  shot, Grade 230 o r  Grade 280 con- 
forming t o  MIL-S-851. The peening o f  the p ipe  sec t ion  was w i t h  a smal le r  s ize ,  
Grade 170. For some experimental peening studies,  specimens were peened w i t h  
glass beads o r  ceramic beads. 

The e f fec t iveness o f  the peening processes was evaluated by conventional t es t s  f o r  
s t ress  cor ros ion  cracking o r  i n te rg ranu la r  corrosion.  For SCC, the specimens were 
immersed i n  b o i l i n g  42% magnesium ch lor ide .  The eva luat ion  c r i t e r i a  were the time 
t o  i n i t i a t e  s t ress  cor ros ion  cracks and/or t ime t o  f a i l u r e  of the specimen. I n  
t h i s  t es t ,  cracks commonly i n i t i a t e d  i n  about 112 h i n  unpeened U-bend specimens 
(used f o r  cont ro l  purposes), w i t h  f u l l  f a i l u r e  general ly  occur r ing  wi thdn 2 h. 
For I G C ,  the specimens were immersed i n  a 10% HN03-3% HF s o l u t i o n  a t  70 C and 
examined metal lograph ica l  l y  f o r  i ntergranu lar  a t tack .  












