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DECARBURIZATION OF 2-1/4Cr-1Mo I N  FLOWING SODIUM 

P. Roy and C.N. S p a l a r i s  (GE), S. Kano (PNC) 
Japan1U.S S p e c i a l i s t s  

Meeting on "Mater ia l s  Behavior i n  Sodium and Cover Gas" 
A p r i l  17-20, 1978 

The In t e rmed ia t e  System Mock-up Sodium Loop (ISML) was designed t o  

model a  b i - m e t a l l i c  ( a u s t e n i t i c  s t a i n l e s s  s t e e l  and 2-114Cr-1Mo f e r r i t i c  

s t e e l )  LMFBR i n t e r m e d i a t e  h e a t  t r a n s p o r t  system. This  l oop  has  opera ted  

f o r  about  11,000 hours  w i th  a  p r o j e c t e d  o b j e c t i v e  t o  e s t a b l i s h  t h e  decar- 

b u r i z a t i o n  k i n e t i c s  f o r  2-114Cr-1~o and c a r b u r i z a t i o n  r a t e s  f o r  Types 304 

and 316 s t a i n l e s s ,  o p e r a t i v e  i n  an  in t e rmed ia t e  h e a t  t r a n s p o r t  sodium 

loop .  D e t a i l s  of t h e  loop  c o n s t r u c t i o n  were publ i shed  i n  Reference 1. 

Mel t ing  P r a c t i c e  A s  It A f f e c t s  Decarhur ixa t ion  Rates 

Alloy 2-1/4Cr-1Mo prepared by t h e  vacuum a r c  r eme l t  (VAR) and e l e c t r o -  

s l a g  r eme l t  (ESR) processes  were t e s t e d  and r e s u l t s  ob ta ined  f o r  pe r iods  up 

t o  7,200 hours  a r e  r epo r t ed  i n  t h i s  memorandum. Even though t h e  VAR and 

t h e  ESR samples were taken  from an i d e n t i c a l  a i r  melted i n g o t ,  t h e  VAR 

e x h i b i t e d  2-15 t imes h ighe r  d e c a r b u r i z a t i o n  r a t e s  than  ESR a t  a l l  t e s t  

t empera tures .  Ac t iva t ion  e n e r g i e s  de r ived  from p l o t t i n g  t h e  decarbur iza-  

t i o n  c o n s t a n t  a g a i n s t  t h e  r e c i p r o c a l  temperature were 5K ca l /mole  f o r  VAR 

and 24K ca l /mole  f o r  t h e  ESR. Di f f e rences  have been t e n t a t i v e l y  a s c r i b e d  

t o  s i l i c o n  con ten t  and o t h e r  minor e lements  which c o n t r o l  t h e  composition 

of c a r b i d e s  i n  t h e  a l l o y  mat r ix .  

Geometry E f f e c t s  

Deca rbur i za t ion  c o n s t a n t s  have been c a l c u l a t e d  us ing  t h e  fo l lowing  

express ion:  ac.w , where AC is  t h e  change i n  bulk  carbon a s  a  r e s u l t  
K= - 

of carbon l o s s  i n t o  t h e  f lowing  sodium, W t h e  weight  of t h e  sample i n  grams, 

A t h e  a r e a  of t h e  sample exposed i n  cm2 and t ,  time of exposure i n  seconds. 



Decarbur iza t ion  c o n s t a n t s  f o r  the  10 m i l  thi ,ck t u b u l a r  f o i l  samples 

were found t o  be lower than the  K ' s  f o r  t h e  109 m i l  t h i c k  tubu la r ' s amples .  

However, s i n c e  the  a c t i v a t i o n  e n e r g i e s  were found t o  be i d e n t i c a l ,  i t  i s  

concluded t h a t  t he  carbon l o s s  process  i s  i d e n t i c a l  f o r  both th i cknesses .  

When t h e  volume of t h e  sample was in t roduced  i n t o  the  d e c a r b u r i z a t i o n  

AC'p,  where p is t h e  d e n s i t y ,  a l l  c o n s t a n t ,  now de f ined  as K' (Prime),  K 1 =  

d a t a  from f o i l s  and tubes  coincided.  The geometry e f f e c t  was found t o  be 

t h e  same f o r  bo th  VAR and ESR samples.  

Time Dependence 

Decarbur iza t ion  c o n s t a n t s  K and K1 decrease  as a func t ion  of t ime f o r  

both f o i l  and t h i c k  t u b u l a r  samples.  The r a t e  of slowdown i n  K and KI i s  

g r e a t e r  f o r  t h e  ESR samples.  The slowdown r a t e s  a r e  p r o p o r t i o n a l  t o  tX f o r  

t h e  VAR (x=O. 21) and t Y  f o r  t h e  ESR (y=0.46) . 
Carbur i za t ion  Rates  f o r  Type 304 S t a i n l e s s  

Ca rbur i za t ion  r a t e s  i n  t h e  ISML were found t o  be lower than  t h e  previous  

d a t a  band which c o n t a i n s  s t a t i c  po t  a s  w e l l  a s  d a t a  from f lowing loops .  The 

ca rbu r i za t ion  c o n s t a n t s  (~=~m/cm' -  &) f o r  Type 304 s t a i n l e s s  a r e  a l s o  

found t o  be  independent  of exposure tempera tures  i n  sodium. This  l a t t e r  

o b s e r v a t i o n  ag rees  w i t h  -da t a  ob ta ined  a t  Cadarash, France.  

Heat Treatments Versus Deca rbur i za t ion  

I t  has  been hypothes ized ,  b u t  n o t  proven by experiment p r i o r  t o  1976, 

t h a t  h e a t  t r ea tmen t  of 2-1/4Cr-llb was a  key f a c t o r  i n  i n f l u e n c i n g  t h e  

r a t e  of  d e c a r b u r i z a t i o n  i n  sodium. As mentioned e a r 1 i e r . h  t h i s  r e p o r t ,  

rates o f  d e c a r b u r i z a t i o n  a r e  t ime dependent. 'This r e l a t i v e l y  new evidence 

p o i n t s . o u t  t h a t  s t a b i l i t y  o f  c a r b i d e s  ( c a r b i d e  d i s s o l u t i o n )  i s  t h e  r a t e  

de te rmining  s t e p  i n  t h e  long  term d e c a r b u r i z a t i o n  k i n e t i c s .  Thus, t h e  

e x a c t  d e t a i l s  of h e a t  t r ea tmen t  p r i o r  t o  sodium exposure ,  bo th  i n  terms 

of  temperature and t ime a r e  very  important  parameters .  These f a c t s  have 

n o t  been a p p r e c i a t e d  by many exper imenters ,  s imply because d e c a r b u r i z a t i o n  

r a t e s  w e r e  g e n e r a l l y  thought  t o  i n v o l v e  s imple  d i f f u s i o n  p r o c e s s e s  f o r  

carbon i n  t h e  a l l o y  ma t r ix .  Claims t h a t  normalized and tempered h e a t  

t rea tment  produce m i c r o s t r u c t u r e s  which a r e  more d e c a r b u r i z a t i o n  r e s i s t a n t  
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than " i so thermal  anneal"  a r e  not  based on t h e  f a c t s  presented  i n  Reference 

I 2 o r  3 .  For example, i n  Ref. 2,  an "anneal" is  g iven  a  920°C + 725°C x  1 

I hour,  followed by an a i r  cool .  One hour a t  725OC w i l l  r e s u l t  i n  a  s t r u c t u r e  

I predominantly a u s t e n i t e  p lus  f e r r i t e ,  and most l i k e l y ,  no p e a r l i t e .  This  

m i c r o s t r u c t u r e  w i l l  be  r i c h  i n  carbon,  and i f  n o t  tempered by f u r t h e r  

exposnres  above 1250°F ( t o  produce s t a b l e  c a r b i d e s ) ,  w i l l  a l low t h e  carbon 

t a  d i f f u s e  qu ick ly  i n t o  t h e  sodium. When Matsumoto et a l . ,  i n  Ref. 2,  

a p p l i e d  an e x t r a  s t e p  t o .  t h e i r  "annealed" h e a t  t rea tment  (PHT), they  ob ta in -  

I ed d e c a r b u r i z a t i o n  r a t e s  lower t han  t h e  r a t e s  e x h i b i t e d  by t h e i r  normalized 

l and tempered specimens. 

Another, more r e c e n t  r e f e r e n c e  (3) c la ims  t h a t  t h e  " i so thermal .  anneal" 

produces h igh  d e c a r b u r i z a t i o n  r a t e  s t r u c t u r e s  i n  2-1/4Cr-1Mo. This  con- 

c l u s i o n  i s  a p p a r e n t l y  based on Heat Treatment 111, m, i n  Ref. 3  wh.ich does n o t  

s p e c i f y  p r e c i s e  temperature c o n t r o l  when t h e  specimens a r e  removed from 

t h e  fu rnace  a t  950°C and t r a n s f e r r e d  i n t o  t h e  s a l t  ba th .  To accomplish 

t h i s  p r e c i s e l y ,  i t  would have been necessary  t o  r i g  t h e  s a l t  ba th  t o  re- 

c e i v e  t h e  specimens d i r e c t l y  from t h e  fu rnace  s o  a s  t o  avoid  a  drop i n  

tempera ture  below 700°C. It is  p o s s i b l e  t h a t  specimens t r e a t e d  i n  Type 111, 

m, Ref. 3, d i d  n o t  con ta in  the  d e s i r e d  f e r r i t e  p l u s  ca rb ide ,  b u t  conta ined  

s u h t a n t i a l  amounts of uns t ab le  a u s t e n i t e ,  

A d e t a i l e d  t r ea tmen t  of t h e  d a t a  from Ref. 3 i n d i c a t e s  t h a t  decarbur i -  

za t ion  r a t e  c o n s t a n t s  when c a l c u l a t e d  a s  p e r  t h e  GE method, f a l l  e n t i r e l y  

w i t h i n  t h e  s c a t t e r  of  a l l  e x i s t i n g  da t a .  

Ne i the r  Ref. 2  no r  3  prove t h a t  d e c a r b u r i z a t i o n  r a t e s  f o r  normalized 

and tempered m a t e r i a l  a r e  lower t han  t h e  d e c a r b u r i z a t i o n  r a t e s  expected i n  

t h e  CRBRP, n o r  lower than  the  d e c a r b u r i z a t i o n  r a t e s  exper ienced  from ongoing 

t e s t  programs i n  t h e  In t e rmed ia t e  System Mock-up Loop (ISML). The specimens 

i n  t h e  ISML c o n t a i n  only  p r o t o t y p i c  h e a t  t r ea tmen t s  f o r  t h e  CRBRP, and only  

welded specimens a r e  normalized and tempered. Never the less ,  we see no 

unusual  behavior  from t h e  l a t t e r  a s  t hey  e x h i b i t  d e c a r b u r i z a t i o n  rates 

which f a l l  w i t h i n  t h e  s c a t t e r  o f  a l l  d a t a .  The ISML t o t a l  exposure the 
now exceeds 11,000 hours  a s  compared t o  Ref. 2  and 3  which do n o t  exceed 

3,900 hours .  As shown i n  s e v e r a l  F igu res  of t h i s  memorandum, ESR m a t e r i a l  

e x h i b i t s  d e c a r b u r i z a t i o n  r a t e s  lower by f a c t o r s  of 2  t o  10  than  VAR and 

a i r  mel ted  m a t e r i a l ,  even though bo th  types  of  specimens were taken  from 

t h e  same o r i g i n a l  a i r  me l t .  We, t h e r e f o r e ,  b e l i e v e  t h i s  obse rva t ion  t o  be 



f a r  more s i g n i f i c a n t  than  t h e  d i f f e r e n c e s  which may e x i s t  between t h e  decar- 

b u r i z a t i o n  r a t e  of normalized and tempered ve r sus  i s o t h e r m a l l y  annealed 

m a t e r i a l .  We s u s p e c t  s i l i c o n  con ten t  and c a r b i d e  chemical composi t ions t o  

be  r e s p o n s i b l e  f o r  t h i s  obse rva t ion  and we a r e  i n  c l o s e  communciation w i t h  

r e s e a r c h e r s  a t  Berkeley,  CEGB, UK, who a l s o  b e l i e v e  t h i s  t o  be a  v a l i d  

exp lana t ion  based on work they  d id  i n  t h e  p a s t .  
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D E C A R B U R I Z A T I O N  STUD1 E S  

o - E N V I  RONMENT 

( A )  FLOWING SODIUM 
1 TO 2 METERYSECOND,  L E S S  THAN 2 PPM 

OXYGEN CONTENT (COLD TRAP 1 2 1 ° C )  

(B) T E S T  TEMPERATURE 

(C)  SAMPLE 'GEOMETRY 

TUBULAR F O I L S  AND CRBRP PROTOTYPIC  TUBES,  

( D l  B I M E T A L L I C  R A T I O  O F  LOOP COMPONENTS 

PROTOTYPIC  CRBRP, 1 , 7  F E R R I T I C  TO 

AUSTEN I T I C  M A T E R I A L S  SURFACE, 

e - CARBON A N A L Y S I S  

B U L K  CARBON, COMBUSTIMETRI  C ( L E C P )  

0 EXPOSURE . T I M E S  

UP TO 11,000 HOURS. D A T A  ANALYZED TO 

7,000 HOURS, 



-
A

 
W

I
W

 
z

z
z

=
z

.E
 

L
IJ

 

7
 
d

 
LLJ 

0
 

I
0

 
t
-
 
0
 



MELTING PRACTICE 

e DECARBURIZATION RATE OF VAR I S  HIGHER 

THAN THAT OF ESR BY 2-1/2 TO 15 TIMES 

DEPEND I NG UPON TEMPFRATURE OF EXPOSURE 

c ACTIVATION ENERGIES ARE 5K CAL/MOLE 

FOR VAR AND 24K CAL/MOLE FOR ESR, 

e DIFFERENCES ARE BELIEVED TO BE DUE TO 

SILICON CONTENT AND/OR OTHER MINOR 

ELEMENTS WH ICH CONTROL THE COMPOS I T 1  ON 

OF CARBIDES I N  THE ALLOY MATRIXl 

(CARB I DE ANALYS I S  I N  PROGRESS 1 



, GEOMETRY EFFECTS 

r DECARBURIZATION CONSTANTS K FOR FOIL  SAMPLES ( 1 0  MILS)  
ARE ALWAYS APPROXIMATELY 5 TIMES LOWER THAN THE K ' S  

FOR TUBULAR SAMPLES , 

W = SAMPLE WEIGHT I N  GMS 

T = TIME I N  SECONDS 

A = AREA EXPOSED I N  C M ~  

e ACTIVATION ENERGIES ARE IDENTICAL FOR FOILS AND TUBES, . 

THUS, DECARBURIZATION PROCESS I S  IDENTICAL, 

r ON THE BASIS OF ABOVE, VOLUME WAS INTRODUCED I N  THE 
DECARBURIZATI ON CONSTANT, NOW DEFINED AS K' (PRIME) , 
EQUAL TO 

A C = CHANGE I N  BULK* CARBON CONTENT 

P = DENSITY - G M / C M ~  

t = TIME I N  SECONDS 

r NORMALIZED DATA WITH K' SHOWS DATA FROM TUBES AND FOILS 

TO COINCIDE, 

a THE ABOVE STATEMENTS ARE EQUALLY VALID FOR ESR AND 

VAR SAMPLES , , 

*CROSS SECTION OF TUBULAR WALL, 





CARBURIZATION RATES FOR - - 

TYPE 304 S T A I N L E S S  

a CARBURIZATION RATES I N  I S M L  ARE FOUND 

TO B E  LONER THAN I N  PREVIOUS DATA BAND, 

e CARBURIZATION CONSTANTS* ARE FOUND TO 

BE INDEPENDENT OF TEMPERATURE EXPOSURES 

I N  SODIUM, 



VAR 91 506 (TUBE) 986.5 

ESR 91505 (TUBE) 980.5 

ESR C1005 (CRBRP 995 
r e f .  tub ing)  

VAR 91506 (FOIL) 1105 

ESR 91505 (FOIL) 894 

ESR C1005 (FOII.) 1085 

*LECO a n a l y s i s  

CHEMICAL COMPOSITIlONS OF TUBES AND FOILS 



MELTING PRACTICE TEMPERATURE ( O C )  
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GECXlETRY EFFECT (A) 
TEMPERATURE ( O C )  
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RECIPROCAL mERATURE, lmfl 



GEOf'qmy "c" TEMPERATURE ( O r )  



TEMPERATURE (OC) 
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, 5  hrs. 



US - JAPAN DATA CQ!PARISON 
(K) TEMPERATURE ( O C )  
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CARBUR I ZAT I ON RATES 

TYPE j1)4 STAINLESS TErIPERATURE ( OC) 
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RELATION BETWEEN CARBURIZATION RATE CONSTANT AND TEMPERATURE FOR 3 0 4  SS 




