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S i n g l e  c r y s t a l  supe ra l l oys  such as PWA 1480 a re  be ing  cons idered  f o r  
turbopump b lades  i n  t h e  main engines o f  t h e  space s h u t t l e .  As f a t i g u e  r e s i s t -  
ance i n  a  hydrogen environment i s  a  key i s sue  i n  t h i s  a p p l i c a t i o n ,  a  s tudy  o f  
t h e  e f f e c t  o f  p o r o s i t y  and 7-7' e u t e c t i c  con ten t  on t h e  f a t i g u e  l i f e  o f  a  
hydrogen-charged PWA 1480 s i n g l e  c r y s t a l  was performed. P o r o s i t y  and e u t e c t i c  
have been l i n k e d  t o  f a t i g u e  i n i t i a t i o n  i n  p rev i ous  s t u d i e s ,  and t h e r e f o r e  
r e d u c t i o n  o f  e i t h e r  o r  b o t h  may be one means t o  improve f a t i g u e  l i f e  o f  PWA 
1480 when hydrogen i s  p resen t .  

To reduce l e v e l s  o f  p o r o s i t y  and e u t e c t i c  a lone  o r  i n  combinat ion,  [001] 
s i n g l e  c r y s t a l s  o f  PWA 1480 were g i  vet1 va r i ous  thermomechanical t rea tments .  A 
e u t e c t i c  s o l u t i o n  t rea tment  a t  1290 O C  was employed t o  reduce e u t e c t i c  con- 
t e n t ,  w h i l e  p o r o s i t y  was reduced by h o t  i s o s t a t i c  p ress i ng  ( H I P ) .  To reduce 
p o r o s i t y  and e u t e c t i c  con ten t ,  a  duplex thermomechanical t rea tment  was used i n  
which PWA 1480 was f i r s t  g i ven  a  e u t e c t i c  s o l u t i o n  a t  1290 O C  and then  HIPed. 
A f t e r  p rocess ing ,  f a t i g u e  specimens were machined, heat  t r e a t e d ,  and subse- 
q u e n t l y  charged i n  h igh-p ressure  gaseous hydrogen. The hydrogen l e v e l  
i nc reased  f rom l e s s  than  5 t o  400 ppm by we igh t  a f t e r  charg ing .  

Room temperature,  s t r a i n - c o n t r o l l e d  f a t i g u e  t e s t s  were r un  on a l l  
m a t e r i a l  c o n d i t i o n s  i n  an a i r  environment.  Hydrogen cha rg i ng  was found t o  
reduce t h e  f a t i g u e  l i f e  o f  PWA 1480 c o n t a i n i n g  normal l e v e l s  o f  p o r o s i t y  and 
e u t e c t i c  (s tandard  m i c r o s t r u c t u r e )  by more than  one o r d e r  o f  magnitude. 
I n i t i a t i o n  s i t e s  i n  hydrogen charged PWA 1480 were e a s i l y  i d e n t i f i e d  by (001) 
f a c e t s  on t h e  f r a c t u r e  su r face .  Each f a c e t  u s u a l l y  i n i t i a t e d  a t  a  c e n t r a l  
po re  which was o f t e n  c l o s e l y  assoc ia ted  w i t h  a  7-7' e u t e c t i c .  M a t e r i a l  
g i ven  t h e  e u t e c t i c  s o l u t i o n  t rea tment  was found t o  have a  s i g n i f i c a n t  decrease 
i n  e u t e c t i c  con ten t ;  however, a  smal l  amount o f  i n c i p i e n t  m e l t i n g  occur red  
p roduc ing  an app rec i ab le  inc rease  i n  t h e  number o f  l a r g e  pores.  Th i s  m i c ro -  
s t r u c t u r e  showed a  g r e a t e r  l i f e  degrada t ion  than  t h e  s tandard m i c r o s t r u c t u r e  
i n  t h e  presence o f  hydrogen. HIPing a t  1280 " C  was found t o  reduce t h e  s i z e  
and f requency o f  l a r g e r  pores and a l s o  ha lved  t h e  amount o f  y r  e u t e c t i c .  
The HIPed m a t e r i a l  showed a  s l i g h t  improvement i n  f a t i g u e  l i f e  over  m a t e r i a l  
w i t h  t h e  s tandard m i c r o s t r u c t u r e  i n  t h e  presence o f  hydrogen. 

The l onges t  f a t i g u e  l i f e  o f  hydrogen-charged PWA 1480 was ob ta i ned  w i t h  
m a t e r i a l  g i ven  t h e  e u t e c t i c  s o l u t i o n  and then  HIPed. The p o r o s i t y  and eutec-  
t i c  con ten t  o f  t h i s  m a t e r i a l  was s i g n i f i c a n t l y  lower  than  any o f  t h e  o t h e r  
c o n d i t i o n s  t es ted .  F u r t h e r ,  t h e  degree o f  f a c e t  f o rma t i on  on t h e  f r a c t u r e  
su r f ace  o f  t e s t e d  specimens was a l s o  g r e a t l y  reduced. The r e d u c t i o n  i n  poros-  
i t y  l e v e l  achieved by t h i s  duplex ther~no~nechanica l  t r ea tmen t  suggests t h a t  
c l o s u r e  o f  p o r o s i t y  i s  more r e a d i l y  achieved i f  e u t e c t i c  con ten t  i s  min imized 
b e f o r e  HIPing. 



Objective and Material 

PWA 1480 single-crystal superalloy 
Orientation, [OOf] 
Fine aging q, 60 vol. % 
Coarse eutectic, 2 vol. % 
Porosity, 0.3  YO^, % 

Study the effect of fl eutecfic 
and porosity on the fatigue life 
of a single-crystal, nickel-base 1 * j I I 
superalloy In the presence of 1 ,* , . I * I  
hydrogen I 
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Chemical composition by weight 

9.4 Cr 11 Ta 
4.7 A! 5.2 W 
1.0 Ti 4.8 Ca 

: Balance Ni 

1290 "C Eutectic Solution Treatment Used to 
Reduce y' Eutectic Content 
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Hot Isostatic Pressing (HIP) Used 
to Reduce Porosity 
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Processing Flowchart 

Sixteen bars 
13~13x63 mm 1 

pressing 

t t t + 
Standard heat treatment in argon 

1260 "Ci0.5 hr + 1040 "Cl4 hr + 871 "C116 hr 
I 1 

solution solution + HIP 
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yy '  Eutectic Morphology After Processing 

Standard treatments (2.3 vol. % eutectic) Eutectic solution (0.5 vol. %) 

HIP (1.0 vol. %) Eutectic solution + HIP (c 0.1 vol. %) 

Porosity Distributions After Processing 
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Machining, Charging, and Testing Procedures 

All dimensions in rnrn 

13x13~63 mm Bar I--- 63 - -4 
Charged in 
high-pressure 

- , gaseous hydrogen 
(300 "CI138 MPaI 

9.5 diam -1 
1 15 days) 

1.91 rad --I I -  9.5-24 NF threads 

Tensile test Fatigue test 

Room temperature Or Room temperature 
Strain rate, 0.1 %/set Strain control 

Sine wave, 0.1 Hz 
Maximum strainlminimum strain = -1 

Tensile Properties of PWA 1480 

/ Standard 1 1041 1 1241 1 7.6 1 8.4 1 

Uncharged (< 5 pprn by weight of hydrogen) 

Hydrogen charged (400 ppm by weight) 
-- - 

percent 

Heat 
treatment 

Standard 
Eutectic solution 
HIP 
Eutectic solution 
+ HIP 

Yield 
strength, 

M Pa 
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Ultimate 
strength, 

MPa 

Elongation, 
percent 
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Reduction 
in area, 
percent 



Hydrogen Charging Severely Degrades Fatigue 
Life of [001] PWA 1480 

Strain 
range, 

percent 
Standard heat treatment 
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The Microstructure With the Least Amount of 
Porosity and Eutectic Exhibits the Best Fatigue 

Life When Hydrogen is Present 

Hydrogen charged 

A Eutectic solution 
0 HIP 
U Eutectic solution + HIP 

Strain 
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percent 
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\ standard heat 
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'. 
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Fracture Surfaces of Fatigue Tests Run at Ae 1% 
of Hydrogen-Charged PWA 1480 

Eutectic Solution Eutectic Solution + HIP 

Multiple (001) facet initiations at Single (001) facet initiation at 
10 - 100 lirn pores 15 pm pore 

Shortest life IN F 166) Longest life (N 2750) 

Uncharged PWA 1480 Does Not Exhibit Any (001) Facets on 
Fracture Surface of Fatigue Specimens 
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Summary and Conclusions 

Hydrogen charging greatly reduces the fatigue life of PWA 1480. 

The reduction of fatigue life in the presence of hydrogen was 
minimized by a duplex thermomechanical treatment consisting 
of a eutectic solution at 1290 "C, tollowed by hot isostatic 
pressing. This treatment produced the greatest reduction in 
size and amount of eutectic and porosity. 

- It is suggested that the 1290 "C eutectic solution treatment 
preconditions PWA 1480 such that pores are more easily closed 
by hot isostatic pressing. 




