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Th i s  r e p o r t  covers  work performed d u r i n g  t h e  p e r i o d  1  A p r i l  t h rough  

30 June 1977. The work was adm in i s te red  by t h e  D i v i s i o n  o f  M a t e r i a l s  and 
4 

E x p l o r a t o r y  Research w i t h  D r .  Thomas B. Cox as p r o j e c t  manager. The r e p o r t  

u 
,was prepared by Char les I!. Woods and T. E. S c o t t  o f  t h e  blechanical  P r o p e r t i e s  

Sec t i on  i n  t h e  M e t a l l u r g y  and Ceramics D i v i s i o n  a t  t h e  USERDA - Ames 

Labora to ry ,  ~ m e s  , Iowa. 

The work was per formed under t h e  d i r e c t i o n  o f  Dr.  S c o t t  as p r i n c i p a l  

i n v e s t i g a t o r  a s s i s t e d  by: C. M. kloods, S. Shei ,  C. V .  Owen and L. K. Reed. 

ABSTRACT L ' - 

ASTM mechanSca1 p r o p e r t y  s p e c i f i c a t i c n  v e r i f i c a t i o n  t e s t s  have been 

conducted on t h e  2 1 / 1  Cr-1 !-'lo s t e e l .  The base p r o p e r t i e s  have been de te rmined  

f o r  t h e  s t e e l  and c a l i b r a t i o n s  on t h e  thermal  e x p a n s i v i t y  o f  bo th  t h e  2 1 /4  C r -  

1  1.10 s t e e l  and 316 SS f o r  u s e ' a s  , l o a d i n g  r i n g s  have been compl'eted. 



OBJECTIVE AND SCOPE - - 

The o b j e c t i v e  of t h i s  program i s  t o  e v a l u a t e  t h e  mechanical  p r o p e r t i e s  

o f  1  i q u e f a c t i o n  process p l a n t  " d i s s o l v e r "  vessel  m a t e r i a l s  i n  a  " d i s s o l v e r "  

vessel  env i ronment  i n c l u d i n g  coa l  s l u r r y  and p r e s s u r i z e d  hydrogen gas a t  

temperatures up t o  900°F. 

S p e c i f i c a l l y ,  t h e  deg rada t i on  of  notched-bar  and smooth ba r  t e n s i l e  

samples of 2  1 /4  C r  - 1  Mo w i l l  be mon i to red  as a  f u n c t i o n  o f  exposure t i m e  

and s t r e s s  i n . ' t h e  " d i s s o l v e r "  vesse l  env i ronment .  

PROGRESS SUMMARY 

A. ASTM lvlechanical P rope r t y  S p e c i f i c a t i o n ' v e r i f i c a t i o n  T e s t  

ASTM mechanical  p r o p e r t y  spec i  f i c a t i  on v e r i f i c a t i o n  t e s t s  have been - 

c a r r i e d  o u t  and t h e  A387 s t e e l  has been found t o  conp ly  t o  a l l  t h e  

. s p e c i f i c a t i o n s  i n  t he  as r e c e i v e d  c o n d i t i o n .  Composi t ion a.nd m i l l  h,eat 

t r ea tmen t  s u p p l i e d  by t h e  vendor i s  g i v e n  i n  Tab le  1. 

Smooth-bar t e n s i l e  samples (F ig .  1 )  c u t  f rom b o t h  t h e  l o n g i t u d i n a l  

(para1 l e l  t o  t h e  r o l l  i n g  d i r e c t i o n )  and t r a n s v e r s e  ( p e r p i n d i c u l a r  t o  t h e  

r o l l i n g  d i r e c t i o n )  s e c t i o n s  o f  t h e  p l a t e  have been t e s t e d .  The l o n g i t u d i n a l  

0.22 o f f s e t  y i e l d  s t r e s s  was de te rmined  t o  be 78.3 k s i  as compared t o  79.2 k s i  

f o r  t he  t r ansve rse  d i r e c t i o n .  The l o n g i t u d i n d l  u l t i m a t e  t e n s i l e  s t r e n g t h  was 

determined t o  be 94.2 k s i  as compared t o  94.5 f o r  t h e  t r ansve rse .  The major  

- - d i f f e rences  between t h e  mechanical. p r o p e r t i e s  o f  t h e  l o n g i t u d i n a l  and t h e  

t r ansve rse  samples a r e  i n  t h e  eng inee r i ng  f r a c t u r e  s t r e s s  (54.0 k s i  long. ,  

64.6 k s i  t r a n s .  ), t r u e  f r a c t u r e  s t r e s s  (192.5 k s i  l ong . ,  162.3 k s i  t r a n s . ) ,  

un i form e l o n g a t i o n  (U. E. ) (9.3% long. ,  8.8% t r a n s .  ) and r e d u c t i o n  i n  area (R.A. ) 

(72.5% long. ,  61% t r a n s .  ). The d u c t i l i t y  i n  t h e  l o n g i t u d i n a l  d i r e c t i o n  was 

s l  i g h t i y ,  g r e a t e r  t han  t h a t  o f  t h e  t r a n s v e r s e  ' d i r e c t i o n  as expected. 
I 



Notched-bar t e n s i l e  samples ( F i g .  2 )  c u t  f r om b o t h  t h e  l o n g i t u d i n a l  and 

t r a n s v e r s e  s e c t i o n s  o f  t h e  p l a t e  have been t e s t e d .  The l o n g i t u d i n a l  no t ch  

t e n s i l e  s t r e n g t h  (N.T. S. ) (maximum load  d i v i d e d  by o r i g i n a l  c ross  s e c t i o n a l  

a rea )  was found t o  be 144.6 k s i  as compared t o  138.8' k s i  f o r  t h e  t r ansve rse .  

Data f o r  t h e  smooth-bar t e n s i l e  samples and f o r  t h e  notched-bar  t e n s i l e  samples 

a r e  g i v e n  i n  Tables 2 and 3 r e s p e c t i v e l y .  A l l  t e n s i l e  samples were p u l l e d  a t  
- I 

a  cons tan t  s t r a i n  r a t e  c f  6'=.01 min. Average va lues  a r e  g i v e n  i n  Tab le  18. 

Charpy V-Notch samples ( F i g .  3 )  were machined f r om b o t h  t h e  l o n g i t u d i n a l  

and t r a n s v e r s e  s e c t i o n s  of  t h e  p l a t e  w i t h  t h e  n o t c h  be ing  m i l l e d  i n  t h e  p l a t e  

face s i d e  of b o t h  types  o f  samples. It was found t h a t  t h e  t r a n s v e r s e  samples 

had much lower  impact  toughness t han  t h e  l o n g i t u d i n a l  samples. One o b s e r v a t i o n  

w o r t h  n o t i n g  here  i s  t h a t  t h e  no t ch  r a d i u s  f o r  t h e  t r a n s v e r s e  samples was : 

sharper  (0.16 mm) t han  t h a t  o f  t h e  l o n g i t u d i n a l  samples (0.24 mm) wh ich  would 

produce a  r e d u c t i o n  of t h e  impact  energy. However, t h e  impac t  energy o f  t h e  

t r ansve rse  samples was much lower  t han  c o u l d  be a t t r i b u t e d  t o  t h e  n o t c h  

sharpness a lone.  Impact toughness da ta  f o r  t h e  l o n g i t u d i n a l  and t r a n s v e r s e  

samples i s  g i v e n  i n  Tables 4  and 5 and i n  F i g .  4. 

Three hardness read ings  were made on each of  t h e  32 Charpy samples t o  

check t h e  hardness v a r i a t i o n  l o c a t i o n s  i n  t h e  p l a t e .  The va lues  were averaged 

and t h e  hardness was found t o  be Rockwel l  " C "  15 2 2. The da ta  a r e  p resen ted  

i n  Tables 6  and 7. 

The mi c ros ' t r uc tu re  of t h e  as rece i ved  m a t e r i a l  was e l u c i d a t e d  by mechanical  l y  

p o l i s h i n g  and subseq~. lent ly  e t c h i n g  w i t h  2% n i t a l  s o l u t i o n  (2% HFI03 i n  methano l )  

f o r  t e n  seconds. The m i c r o s t r u c t u r e  appears t o  be m o s t l y  upper b a i n i t e  w i t h  a  

few d i spe rsed  f e r r i t e  g r a i n s .  Second phases were d e t e c t e d  n o t a b l y  i n  t h e  c e n t e r  

of t h e  t h i ckness  d imension o f  t h e  p l a t e .  They appear t o  be s u l f . i d e  i n c l u s i o n s  

i n  t h e  d i r e c t i o n  o f  ro1. l  i ng. Photomicrographs of  t h e  l o n g i t u d i n a l  and t r a n s v e r s e  

faces aye shown i n  F i g s .  5 and 6. 
I 
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B. Base1 i n e  'Data Tes t  

Base p r o p e r t i e s  t e s t s  have been c a r r i e d  o u t  u s i n g  smooth-bar t e n s i l e  samples, 

F ig .  '7, and notched-bar  t e n s i l e  sa.mples, F i g .  '8. Among t h e  p r o p e r t i e s  i n v e s t i -  

gated were t h e  0 .2Q ie ld  s t ress, .  u l t i m a t e  t e n s i l e  s t rength,  u n i f o r m  e l o n g a t i o n ,  
. - . . ,  ' 

& a , .  .. 
, . - t o t a l  e l onga t i on ,  eng inee r i ng  f r a c t u r e  s t r e s s ,  t r u e  f r a c t u r e  s t r e s s ,  r e d u c t i o n  

i n  area, and n o t c h -  t e n s i l e  s t r e n g t h .  These t e s t s  were c a r r i e d  o u t  on t he  as 

rece i ved  m a t e r i a l  a t  room temperature,  500°F and 900°F. A lso,  t h e  same t e s t s  

were done a f t e r  exposing t he  m a t e r i a l  t o  h i g h  p ressu re  (2000 p s i )  i n e r t  gas 

(Argon) f o r  168 hours a t  500°F and 900°F. A l l  samples were t e s t e d  on a  TT-C 
- 1  

I n s t r o n  t e n s i l e  t e s t  machine a t  a  cons tan t  s t r a i n  r a t e  o f  i = 0 . 0 5  min. . 
A l l  d.ata was c a l c u l a t e d  f r om t h e  s t r e s s - s t r a i  n  curves .  F i d u c i a l  marlcs - 

were used t o  measure t h e  t o t a l  e l o n g a t i o n  o f  t h e  samples, however, i t  was found 

- t h a t  th.e va lues  ob ta ined  f rom t h e  s t r e s s - s t r a i n  curves  a t  p o i n t  o f  f r a c t u r e  

wer'e w i t h i n  1  pe rcen t  o f  t h e  va lues  ob ta i ned  by measurement o f  t h e  f i d u c i a l  

marks b e f o r e  and a f t e r  t e s t i n g .  The re fo re  i t  was dec ided t o  use t h e  s t r e s s - s t r a i n  

curves f o r  t he  c a l c u l a t i o n  o f  t h e  t o t a l  e l o n g a t i o n .  Cross s e c t i o n a l  areas a n d .  

r e d u c t i o n  i n  area a t  t h e  neck were c a l c u l a t e d  b y  measuring t h e  d iameters  a t  
1 ./ 

t h r e e  p o s i t j o n s  and averaging.  A1 1 d iameter  measurements were made on a  Gaer tner  

model 2001 Toolmaker 's  microscope accu ra te  t o  2 .00004 i n .  The va lue  r e p 0 r t e d . a ~  

Eng ineer ing  F r a c t u r e  S t ress  was c a l c u l a t e d  by d i v i d i n g  t h e  f r a c t u r e  l o a d  by t h e  

o r g i n a l  c ross  sec t i ona l .  area. The va lue  r e p o r t e d  as True F r a c t u r e  S t ress  i s  

ob ta ined  by d i v i d i n g  t h e  f r a c t u r e  l oad  by t h e  c r o s s  s e c t i o n a l  area o f  t h e  neck 

( i . e .  t h e  area a t  p o i n t  o f  f r a c t u r e ) .  The n o t c h  t e n s i l e  s t r e n g t h  i s  de f ined  as 

t h e  maximum load  d i v i d e d  by t h e  o r ig . ina1  c ross  s e c t i o n a l  a rea . .  The t r u e  f r a c t u r e  

s t r e s s  f o r  t h e  notched samples w i l l  n o t  be r e p o r t e d  here  due t o  t h e  u n c e r t a i n t y  

i n  t he  measurement o f  t h e  c ross  s e c t i m a l  area o f  t h e  no t ch  a t  f r a c t u r e .  However, 

i t  i s  necessary t o  n o t e  here, t h a t  cons ide rab le  neck ing  d i d  occur  i n  t h e  n o t c h  on 

a l l  t h e  samples t e s t e d  and i s  p resen ted  as an approx imate r e d u c t i o n  i n  area. 



A comparison o f  t h e  r e s u l t s  w i l l  be p resen ted  b r i e f l y  here, w i t h  a l l  t h e  

da ta  be ing  p resen ted  i n  Tables 8  t h r u  17 . A l l  va lues  r e p o r t e d  here,  a r e  

s t a t i s t i c a l  averages based on da ta  c e r t i f i e d  by t h e  'Q' t e s t  a t  t he  90% con f i dence  

D l e v e l .  A t  ambient temperature ( i . e .  72°F) t h e  va lues  f o r  t h e  smooth-bar and . 
r. notched-bar  t e n s i l e  samples were as f o l l ows :  0.2% YS = 78.7 k s i ,  UTS = 95.6 k s i ,  

> T o t a l  E l o n g a t i o n  = 24.7%, Uniform E l o n g a t i o n  - 14.2%, RA = 75.5%, RA o f  Notch = 

26%, and Notch T e n s i l e  S t r e n g t h  = 148.2 k s i .  A t  500°F t h e  va lues  were: 0.2% YS = 

69.2 k s i ,  UTS = 84.5 k s i ,  T o t a l  E l o n g a t i o n  = 21 . I%,  u n i f o r m  E l o n g a t i o n  = 11.7%, RA = 

74.3%, RA o f  N'otch = 23%, and Notch T e n s i l e  S t r e n g t h  = 1.29.7 k s i .  A t  900°F ' - the 

va lues  were: 0.2% YS = . 6 4 . 3  k s i ,  UTS = 78.6 k s i ,  T o t a l  E l o n g a t i o n  = 21 .I%, 

Uni fo rm E l o n g a t i o n  = 10.9%, RA = 71.5% RA o f  Notch - 23%, and Notch T e n s i l e  

S t reng th  = 121.3 k s i .  These va lues  agree w e l l . w i t t i  t h e  ASTFI S p e c i f i c a t i o n  

v e r i f i c a t i o n  t e s t s  and meet t h e  ASTM code s p e c i f i c a t i o n s  as shown i n  Tab le  18. 

The n e x t  s e t  o f  t e s t s  was made t o  de te rmine  t h e  e f f e c t  o f  p ro longed exposure 

t o  h i g h  tempera tu re  and p ressure .  The a c t u a l  t e n s i l e  t e s t i n g  was c a r r i e d  o u t  a t  

ambient temperature.  The r e s u l t i n g  average va lues ,  g i v e n  i n  Tab le  18, were as 

f01 1 0 ~ ~ s  : 

i ) M a t e r i a l  exposed t o  500°F and 2000 Ps i  Argon f o r  168 hours:  0.2% Y S  = 

79.6 k s i ,  UTS = 96.4 k s i ,  T o t a l  E longa t i on  = 24.5%, Un i f o rm  E l o n g a t i o n  = 

14.3%, RA = 75.8%, RA o f  Notch = 26% and Notch T e n s i l e  S t r e n g t h  = 148.6 k s i .  

. i i )  M a t e r i a l  exposed t o  900°F and 2000 Ps i  Argon f o r  168 hours:  0.2% YS = 

78.2 k s i ,  UTS - 95.7 k s i ,  T o t a l  E longa t i on  = 24.3% Un i fo rm E l o n g a t i o n =  ' .  . I.. 

- 
14% RA = 75.0%, RA o f  No tch .=  27% aad Notch Tensi . le  S t r e n g t h  = 147.9 k s i .  

I t  can be seen f rom t h e  data,  t h a t  a l l  o f  t h e  mechanical  p r o p e r t i e s  decrease 

w i t h  i n c r e a s i n g  temperature.  I t  i s  a l s o  apparent ,  Tab le  18, t h a t  t h e  p ra longed 

exposure t o  h i g h  temperature and p ressu re  had no e f f e c t  on t h e  ambient  mechanical  

p r o p e r t i e s  of t.he m a t e r i a l .  Graphs of t h e  e f f e c t  o f  tempera tu re  on t h e  mechanical  

p r o p e r t i e s  a r e  g i v e n  i n  F igs .  9 and 10. 
i 



C. Thermal Expansion and Thermal S tab i  1  i t y  Tests 

. The thermal expansion c o e f f i c i e n t  f o r  t h e  A387 s t e e l  was determined f o r  t h e  

temperature range 72°F - 500°F and was found t o  be 7.4 ] ~ i n / i n / " F ;  The sample 

was h e l d  a t  500°F f o r  168 hours and no app rec iab le  change i n  l e n g t h  was noted 

w i t h  t ime, i n d i c a t i n g  good s t r u c t u r a l  s t a b i l i t y  a t  500°F. P resen t l y ,  s t u d i e s  

a re  being made t o  determine t h e  thermal expansion c o e f f i c i e n t  f o r  t h e  s t e e l  ove r .  

t h e  72°F = 900°F temperature range. L ikewise,  a  168 hour t e s t  w i l l  be made i n  

o rder  t o  determine t h e  s t r u c t u r a l  s t a b i l i t y  a t  90.0°F. The A387 w i l l  then be 

loaded i n  t ens ion  t o  48.2 k s i  i n  a  316 s t a i n l e s s  s t e e l  r i n g  and t h e  composite 

w i  11 be mon i to red  a t  500°F, and 900°F i n  o rder  t o  no te  any system r e l a x a t i o n .  

The i n d i c a t e d  s t r e s s  i s ,  75 percent  o f  t h e  0.2% o f f s e t  Y i e l d  S t ress  o f  t h e  

m a t e r i a l  a t  900°F. 

The values determined f o r  t h e  thermal expansion c o e f f i c i e n t s  o f  bo th  A387 

and 316, s t a i n l e s s  ( i  . e. cxA3D7 = 7 .4  ] ~ i n / i n / " F ,  "318 = 9.09 u i n / i n / " F )  a r e  i n  

good agreement w i t h  those values pub1 i shed i n  t h e  1  i t e r a t u r e .  Therma'l expansion 

and r e l a x a t i o n .  da ta  w.ri 11 be analyzed, gra~lied anci presented i n  - the  annual r e p o r t  

f o r  FY 1977. 

WORK FORECAST 

The delays i n  p r o c u r r i n g  t h e  pressure  vessels  requ i red  t o  conduct t he  c o a l  

s l u r r y  exposure t e s t s  have necess i t a ted  a  r e v i s i o n  o f  t he  m i l es tone  c h a r t .  The 

s t a t i c  168 hour exposures t o  4000 Ps i  Argon a t  500°F and 900°F, o r g i n a l l y  

scheduled f o r  f i s c a l  yea r  1978, w i ' l l  be completed d u r i n g  t h e  nex t  q u a r t e r  a long  

w i t t i  t e s t s  o f  samples s t ressed d u r i n g  prolonged exposures i n  Argon as o u t l i n e d  

on t h e  m i l es tone  c h a r t s  f o r  FY 1977 and FY 1978. T h i s  schedule change i s  done 

w i t h  t h e  concurrence o f  P r o j e c t  Manager D r .  T. B. Cox. 



T A B L E  # 1  

A 3 8 7 - 7 4 A  GRADE 22 CLASS 2 

ELEMENTAL COMPOSITION AND HEAT TREATMENT 

ELEMENT . w t .  % .  

HEAT TREATMENT: 

NORMALIZED, 1 6 5 0 " - 1 7 0 0 ° F ,  HELD 1 HOUR PER I N C H  MIN IMUM AND 
A I R  COOLED, THEN TEMPERED.1350°F,  HELD 3 /4  HOUR PER I N C H  
MIN IMUM AND A I R  COOLED. 



Sample 
9 

TABLE $42 

STRAIN RATE = I? = .01 in/in/min 

i neer i ng True Uniform 
0.2% YS ( k s i )  UTS ( k s i )  Fracture S t ress  ( k s i )  Fract .  S t ress  ( k s i ) .  Elongation (%)  RA ( % )  

* L-ref e r s  t o  Long i t u d  inal  Sampl e 
** T-refers t o  Transverse Sanples 



TABLE #3 

ASTM BOTCHED BAR TENSILE SAMPLE DATA 

Notc t Notch 
Area ( i p 2 )  Radius- ( i n ) ,  

Notch 
Angle ( " )  

Notch 
T e n s i l e  S t rength  ( k s i  ) 

* T- re fers  t o  Transverse sample's " L - r e f e r s  t o  Long i tud ina l  saqpl es 



Sampl e 
# 

CL 1 
C i  2 
CL3 
C L 4  
CL5 
CL6 
CL7 
C L8 
C L 9  
CLlO 
C L l l  
CL12 

Tes t  
Temperature (OC) 

TABLE #4 

CHARPY V-NOTCH LONGITUDINAL SAMPLES 
. . 

Impact Area a t  
Energy ( f t - 1  b s )  Base o f  Notch ( i n 2 )  

Notch 
Radius (mm) 

Notch 
Angle ( " )  



Samp 1 e 
JI 
1; 

CT 1 
CT 2 
CT3 . 

CT 4 
CT 5 
CT6 

. CT7 
CT8 
CT 9 
CTlO 
C T l l  
CT12 
CT13 
CT14 
CT15 

Bes t  
Tem?. ("C) 

TABLE if5 

CHARPY V-NOTCH TRANSVERSE SAMPLES 

Impact Area a t  
Energy ( f t - 1  bs )  Base Notch ( i n 2 )  

Notch 
Radius (mm) 

.16 (mm) 

.16 

.16 

.16 

.16 

.16 

.16 

.16 

.16 

.16 

.16 

.16 . '  

.16 

.16 

.16 

Notch 
Ang le  ( " )  



Sampl e 
tf 

TABLE #6 

ROCKNELL ' C '  HARDNESS 

Avg. . 

O v e r a l l  ~ v e r a g e  = 14.5 



TABLE #7 

ROCKWELL ' C' HARDNESS 
Sarnpl e 

# 1st 2nd 3rd Avg . 

Overall Average = 15.5 



TABLE. #8 

Gage 
Area 

( k s i  ) 

Tes t  '1 . T'=7Z°F P=1ATH A I R  E'=.05 i n / i n / m i n  

HISTORY: MATERIAL I N  AS RECEIVED CONDITION 

SYOOTH BAR TENSILE SAMPLES 

UTS 

( k s i  ) 

Tota 1 Uniform 
E longa t i on  Elong . 

( X )  . 

Engr. 
F rac tu re  

S t ress  
( k s i  } 

Reduct ion 
Area 

. True 
F r a c t u r e  

Stress 
( k s i )  



Sanp 1 e 
. #  

N S l l  
NS12 
NS13 
NS14 
NS15 
NS16 
NS17 
NSI 8 
NS19 
NS20 

Notch 
Area 

TABLE. #9 

Tes t  '2 . T=7Z°F P=lATM A I R  6=;05 in / in / rn in  

HISTORY: iMBTERIAL I N  AS R E C E I V E D  CONDITION 

hOTCHED BAR TENSILE SAMPLES 

Notch 
Radius 

Notch 
Angle 

Notch Q Area 
T e n s i l e  A t  F rac tu re  
Stress 

( k s i )  . ( i n 2 )  

Q Reduct ion 
i n  Area 



Samp 1 e 
# 

Gage 
Area ' . 

( k s i  ) 

TABLE #10 

Test 3 T=500°F P=lATM AIR d=.05 in/in/min 

HISTORY: MATERIAL IN AS RECEIVED CONDITION 

SMOOTM BAR TENS1 L E  SAMPLES 

Total Upi form Engr . Reduction 
UTS !longation €Tong . Fracture Area 

S t r e s s  
(ks i  j ' ( % )  ( % I  , (ks i  ) (x 1 

True 
Fracture 
S t r e s s  

( k s i )  



TABLE #11 

. . Test 4 ,T=:500°F P=IATM A I R  E'='.05 i n / i n /m in  

HISTORY: MATERIAL I N  AS R E C E I V E D  CONDITION 

bOTCHED BAR TENSILE SAMPLES 

Sanp 1 e Notch Notch Notch Notch 
. Y 

% Area r\. Reduct ion 
Area Radius Angle Tensi 1 e A t  Frac tu re  i n  Area 

Stress 
( k s i )  . 



Sampl e  
# .  

Gage 
Area 

TABLE #12 

Tes t  5 T=~OO'F P=IATb!Argon i = . 0 5  i n / i n / r n i n  

- QIST9R'i: MATERIAL . I N  AS RECEIVED CONDITION 
, . 

SMOOTH BAR TENSILE SAMPLES 

( k s i  ) 

UTS 

( k s i  ) 

T o t a l  
E longat ion  

Un i form 
El ong . 

Engr. 
F rac tu re  

Stress 
( k s i  ) 

Reduct ion 
Area 

True 
F r a c t u r e  

S t ress  
' ( k s i  ) 



Sample 
k! 

Tes t  6 T=900°F P=1ATM A r y n  . 6 = . 0 5  i n / i n / n i n  

NOTCHED BAR TENSILE SAMPLES 

Notch 
Area 

Notch 
Radius 

Notch 
Angl e 

Notch 'L Area 
T e n s i l e  A t  F rac tu re  

Stress 
( i<si  ) ,  

2 .  
( i n  > 

'L geduc t ion  
i n  Area 



TS!. 
TS 2 
TS 3 
TS4 
TS 5 
TS 6 
TS7 
T.S 8 
TS 9 
TS10. 

Gage 
Area 

2 ( i n  9 

HISTORY: 

( k s i  ) 

TABLE #14 

T e s t  7 J=7.Z°F P=lATM A I R  i = . 0 5  i n / i n / m i n  

MATERIAL EXPCSED FOR 168 HOURS AT 500°F AND 2000 p s i  Ar.gon 

( k s i  ) 

SVOOTH EAR TENSILE SAMPLES 

T o t a l  
E l o n g a t i o n  

Un i fo rm 
E l  ong. 

Engr . 
F r a c t u r e  

S t ress  
( k s i  ) 

Reduc t i  on 
Area 

( X )  

.True 
F r a c t u r e  

S t ress  
( k s i )  



TABLE #15 . . 

Test  8 ~ = 7 2 ' ~  , P-IATM A I R  i z . 0 5  i n / i n / m i n  

HISTORY: MATERIAL EXPOSED FOR 168 HOURS AT 500°F AND 2000 p s i  Argon 

NOTCHED BAR TENSILE SAMPLES . . 

Sampl e 
# 

NS1 
NS2 
NS3 
MS4 
NS 5 
NS6 
N S7 
NS8 
NS9 
NSlO 

Notch 
Area 

Notch 
?ad i us 

Notch 
Angle 

Notch 2, Area Q Reduct ion 
T e n s i l e  A t  F rac tu re  i n  Area 

St ress  
( k s i )  ( i n 2 )  ( %  1 



Gage 
Area 

HISTORY: 

( k s i )  

TABLE #16 

Test  9 T=7Z°F P=lATM A I R  6=.05 i n / i n /m in  

FWTEF.IAL EXPOSED FOR 168 HOURS AT 900°F AND 2000 p s i  Argon 

S?lOOTH BAR TENSILE SAMPLES 

To t a  1 Uni form Engr . Reduct ion 
UTS I l o n g a t i o n  El  ong. F rac tu re  Area 

Stress 
( k s i )  ( % I  ('k) . . ( k s i )  ( X )  

True 
F rac tu re  

St ress  
( k s i  ) 



TABLE #17 

Tes t  10 T=7Z°F P=lATM A I R  i = . 0 5  i n / in / rn in  

HISTORY: MATERIAL EXPOSED FOR 168 HOURS AT 900°F AND 2000 p s i  Argon 

NOTCHED 6AR TENSILE SAMPLES 

Sampl e Notch Notch Notch Notch % Area Q Reduct ion 
# Area Radius . Angle Tens'i 1 e A t  F rac tu re  i n  Area 

St ress  
( k s i  ) 



TABLE =18 

Comparison o f  Room Temperature T e n s i l e  P r o p e r t i e s  o f  A387-74A-Gr. 22-C1. 2 

Votch Engnr. 
T o t a l  Uni form . R A ( " ,  T e n s i l e ( k s i )  F r a c t u r e ( k s i )  

0.2:; YS . ( k s i )  UTS ( k s i )  E l o n g a t i o n  ( % )  E l o n g z t i o n  (I) S t r e n g t h  S t r e s s  . . 

A ~ T M  Code 45.0 min. 75.0 70 100.0 22% min.  - 45 min. - - 
S p e c i f i c a t i o r s  

ASTM S p e c i f i c e t i o n  78.3 (5)" 94.2 15) baa.< 9.3 (5 )  72.5 ( 5 )  146.9 (5 )  54.0 (5 )  
V e r i f i c a t i o n  T e s t s  

(Long i  tuc. ina1) 

79.2 ( 4 )  94.5 ( 4 )  ASTY s p e c i f i c a t i o n  
V e r i f i c a t i o n  T e s t s  

Base Data Tes ts  78.7 (10: 95..5 (10)  24.7 (19)  14.2 '(10) 75.5 (10)  146.2 (10)  53.4 (10)  

Exposed Sample 79.6 (10: 96.3 ( 9 )  24.5 (1'1) 14.3 (10)  75.8 (10)  148.6 (10)  54.6 (10) 
. Tes ts  (500°F Exposure) 

Exposed Sample 78.2 (101 95.7 (10)  24.3 ( 1 0 ) .  ' 14.0 (10)  75 .0 ' (10 )  147.9 (10)  54.7 (10)  
T e s t s  (900°F Exposure) 

* The number i n  ( ) . f o l l o w i n g  each v a l u e  i n d i c a t e s  t h e  number o f  samples averaged.. 



. . 

GAGE LENGTH 
R =  Fillet redius=3/8" 
SCALE : I "= I" 

Fig. 1 : ASTM Standard Sarnpl e f o r  Mechanical Proper t i es  spec i f i ca t ion  
Veri f icat ion Tests.  



NOTCH RADIUS; ( R s 0.0007") 
SCALE : I"= 1'' 

F i g .  2: AS74 Standard Notch Sample . f o r  ~echanic 'a l  Propert ies Specif icat ion . 
V e r i f k a t i o n  Tests. 



EDGE 
VIEW 

NOTCH 
V'I E w 

/ 
0.25mm Radius at base of NOTCH . 

S C A L E :  1/2"  = 10mm 

F i g .  3 :  Charpy V-Notch Sarnpl e , . 



i I I I I 

,4387- 74P-Gr22-C1.2 
0 = Longitudinal Samples 
Q = Transverse Samples 

TEMPERATURE "C 

Fig. 4: Cnarpy Irpact Energy vs. Temperature p lo ts  for  A387-74A-Grade 
22-Class 2 s t e e l .  



~ o l l i n c j  Direction % 8 , 4 L -  , 

Fig .  #5 Microstructure of A387 Edge View 
Mag. = l O O X  



Ral l i n g  Di rect ion i s  i n t o  the page 

Fig. #6 Microstructure o f  A387 Edge View 
Mag. = lOOX 



- 5/16-24 THREAD 
f 1-0.7821 1 , L- 1-0.782"-1 

2 . 8 7 5 1 1 i  
R =  fi.llet radius = 0..187" k 

SCALE : 2" = 1 "  - 

Fig. 7 : Base Property De.termi nati on Smooth ~ e n s i  l e  Sample. 



0.0007" = NOTCH RADIUS 

\GO7 
5/16 - 24 THREAD r 

Fig.  8: Base Proper ty  Determinat ion Notched Tens i l e  Sample. 



TEMPERATURE OF 

F i g .  9: ierrperature dependencet of UTS and 0 .2% Yield S t r e ~ s  f o r  
A3U-74A-Gr. 22-C1. 2. 



100 200 300 : 400 500 600 700 800 900 
TEMPERATURE "F . .  

Fig .  10: Teirgerature dependence o f  ducti 1 i t y  properties for 
A387-74A-Gr. '22-C1. 2. 
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