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graphic t ransi t ions in certain perovski te- type struc- 
tures,  and, while no exact  analogies exist, the  concept 
m a y  be extended to the s i tuat ion in the  Group IV A 
hydrides.  

An a l ternate  explanat ion,  based on the band  theory  
of metals  ra ther  t han  a chemical bond theory,  
m a y  be advanced.  The t ransi t ion from a cubic to a 
te t ragonal  latt ice would then  be considered as arising 
f rom an overlapping of Brillouin zone boundaries 
caused by  small var iat ions in electron densi ty  with 
tempera ture .  Exper iments  a t  lower hydrogen con- 
centrat ion in both t i t an ium and zirconium m a y  
provide some evidence bearing on the correctness of 
this hypothesis.  

A discussion of the mechanism of the t ransforma-  
tions must  also be deferred pending a more complete 
microscopic and metal lographic s tudy.  I t  is certain 
t h a t  they  are diffusionless t ransi t ions but  those 
aspects of their  kinetics which can be deduced from 
the X - r a y  da t a  alone do not  suggest any  other 'mar-  
tensitic '  characteristics.  

The au thor  is indebted to Drs M. K. Wilkinson and 
C. G. Shull for permission to quote results of their  
neutron-diffract ion experiments.  Thanks  are also due 
Mr D. E. LaValle,  for the prepara t ion  and analysis 
of the  t i t an ium dihydride and  dideuteride,  and Dr  
M. L. Picklesimer and  Mr P. J .  Jones for prepara t ion  
of the  zirconium dihydride sample. The analysis of the 
zirconium dihydride was performed by  Mr J . H .  
Edger ton.  
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I t  is well known that  e-iron carbide forms during the first 
stage of tempering hardened steel (Jack, 1951a; Roberts, 
Averbach & Cohen, 1953; Lement, Averbach & Cohen, 
1954). Single-crystal X-ray work (Roberts et al., 1953; 
Kurdjumov & Lyssak, 1947, 1949) on this material has 

* Published by permission of the Director, Mines Branch, 
Department of Mines and Technical Surveys, Ottawa, On- 
tario, Canada. 

revised form 30 August 1957) 

shown that  the e-carbide phase exists in metastable 
equilibrium with martensite containing about 0.25 wt. % 
carbon and it was concluded (Roberts et al., 1953) tha t  
e-carbide would not form from martensite containing less 
than this amount of carbon. I t  thus appeared unlikely 
tha t  e-carbide would form directly from supersaturated 
ferrite. This view was supported by kinetic measurements 
(Dijkstra, 1949; Wert, 1949) on the precipitation of 
carbon from quenched iron containing about 0.02 wt. % 

4* 
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T a b l e  1. Compar /~on  of the interpIanar spacings obtained 
from iron quenched from 720 ° C. and aged at 200 ° C. f o r  

2 hr., with those of e-iron carbide 

Intorplanar spacings (kX.) 
^ 

I ron  aged at  e-Iron 
hkl 200 ° C. for 2 hr. carbide* 

100 2.39 2.36 
002 Not  resolved 2.16 
101 2.08 2.07 
102 1.59 1.60 
110 1.35 1.36 
103 1.22 1.23 

I 112 1.17 1.16 
201 1.14 

* Calculated for a ---- 2-729, c ---- 4.326 kX.  (Jack,  1951a). 

Fig. I. Electron-diffract ion pa t t e rn  of iron quenched and aged 
at  200 ° C. for 2 hr. 

c a r b o n  w h i c h  gave  no  i n d i c a t i o n  of t h e  e x i s t e n c e  of a 
m e t a s t a b l e  phase  p r i o r  t o  t h e  f o r m a t i o n  of c e m e n t i t e .  
I t  was  t h u s  s o m e w h a t  s u r p r i s i n g  w h e n  T s o u ,  N u t t i n g  & 
M e n t o r  (1952), u s i n g  e l e c t r o n - d i f f r a c t i o n  m e t h o d s ,  re- 
porte(1 t h e  ex i s t ence  of e -ca rb ide  in  i ron  c o n t a i n i n g  0.026 
wt .° i ,  c a rbon .  T h i s  is a br ief  r e p o r t  of f u r t h e r  e l e c t ron -  
d i f f r ac t i on  e x p e r i m e n t s  on  i ron  w h i c h  s u p p o r t  t h e  con-  
c lus ions  of T s o u  et al. 

B o t h  c o m m e r c i a l  g r a d e  (Armco)  i ron  w i t h  a n o m i n a l  
c a r b o n  c o n t e n t  of 0.01 w t . %  a n d  h i g h - p u r i t y  v a c u u m -  
melt(,(l i ron also c o n t a i n i n g  0.01 w t . %  c a r b o n  were  
exan~in('(l. T h e  r e su l t s  o b t a i n e d  f r o m  t h e  t w o  m a t e r i a l s  
w(~re i(h.nti(,al. ] , : l ec t ron-d i f f r ac t ion  p a t t e r n s  were  ob-  
tain('(l f rom Sl)ecim('ns immedia t (~ ly  a f t e r  q u e n c h i n g  f r o m  
72(V C. a f t e r  ag( ' ing a t  200 ° C. for 2 hr .  a n d  a f t e r  a g e i n g  
at  400 ~ ('. for 1 hr .  T h e  q u e n c h e d  s p e c i m e n s  g a v e  o n l y  
s p o t t y  p a l t e r n s  (tue to  t h e  i ron  itself.  T h e  a d d i t i o n a l  face-  
c(~ltr('(l cubic  y- i ron  p h a s e  r e p o r t e d  b y  T s o u  et al. (1952) 
was  no t  (h,tecte(l .  T h o s e  s p e c i m e n s  a g e d  a t  400 ° C. g a v e  
p a t t e r n s  lyl) ical  <)f c e m e n t i t c .  H o w e v e r ,  t h e  s p e c i m e n s  
ag~(l av 20(V C. for 2 hr .  g a v e  ris(> to  a m a r k e d l y  d i f f e r e n t  
pa t t ( , r a  sh()wn in F ig .  1. T h e  spo t s  a re  (hm to  t h e  fe r r i t e  
m a t r i x  an(I l~l¢,asuremonts of t h e  ( ' o n t i n u o u s  r ings  l ead  
t() l a t t i ce  spac ings  in agr(>cment  w i t h  t h o s e  of e- i ron 
(.arbi(h, as s l lown in Tab l e  l ( J ack ,  1951a). I t  is k n o w n  
fr<>ln illt~,rlml fri( . t ion m e a s u r e m e n t s  (D i jk s t r a ,  1949; 
W(,r[, 1949) t lm t  t h e  c a r b o n  i ) reci I ) i ta t ion p rocess  in i ron  
is (,ss(,ntially colni)hzte a f t e r  age ing  a t  200 ° C. for 2 hr . ,  
h('n('~' th(~ l~l<)st o b v i o u s  i n t e r p r e t a t i o n  of t h e  a b o v e  ob- 
s(,rvati<)ns is t h a t  a ca rb ide ,  n a m e l y  e -carb ide ,  is p r e s e n t  
af t t ' r  th i s  t r ( . a tm( 'n t .  

,%in('e I he o(.(~urr¢~nce of e -ca rb ide  in i ron  has  n o t  b e e n  
(letoct(,(l ex(.e[)t by  e l e c t r o n  d i f f r a c t i o n  e x p e r i m e n t s ,  
otl~('r l)ossi})h~ i n t ( , r p r e t a t i o n s  of t h e  p a t t e r n  o b t a i n e d  
f r o m  th('  Sl)('('imens a g e d  a t  200 ° C. h a v e  boon  cons ide r ed .  

T h e  a l t e r n a t i v e  e x p l a n a t i o n s  w o u l d  be  to  p o s t u l a t e  (a) 
t h a t  i t  w a s  d u e  to  a n  i ron  n i t r i d e  p h a s e ,  or  (b) t h a t  i t  
was  d u e  to  t w o - d i m e n s i o n a l  d i f f r a c t i o n  f r o m  c e m e n t i t e  
p l a t e l e t s  o n l y  a few u n i t  cells in  t h i c k n e s s .  T h e  f i rs t  
p o s t u l a t e  m a y  be  r u l e d  o u t  s ince  t h e  n i t r o g e n  c o n t e n t  
of t h e  h i g h - p u r i t y  i ron  w a s  o n l y  o n e - t e n t h  t h a t  of t h e  
c a r b o n  c o n t e n t ,  a n d  t h u s  t h e  i n t e n s i t y  of  a n y  n i t r i d e  
p a t t e r n  w o u l d  be  v e r y  sma l l  c o m p a r e d  to  t h a t  of t h e  
ca rb ide .  I n  a n y  case t h e  e -n i t r ide  p h a s e  does  n o t  occu r  
u n d e r  t h e s e  c o n d i t i o n s  ( Jack ,  1951b, 1952) a n d  t h e  pres-  
ence  of a"-iron n i t r i d e  or  7 ' - i ron  n i t r i d e  w o u l d  n o t  
a c c o u n t  for  t h e  o b s e r v e d  p a t t e r n .  As  r e g a r d s  t h e  pos-  
s ib i l i ty  of  t w o - d i m e n s i o n a l  d i f f r ac t i on ,  t h i s  is also un-  
l ike ly  in  v i e w  of t h e  m i c r o s c o p i c a l l y  o b s e r v e d  d i m e n s i o n s  
of t h e  p r e c i p i t a t e  pa r t i c l e s .  E l e c t r o n - m i c r o s c o p i c  e x a m -  
i n a t i o n  of  t h e  h i g h - p u r i t y  i ron  s p e c i m e n  aged  a t  200 ° C. 
for  2 hr .  i n d i c a t e d  t h e  p r e s e n c e  of p r e c i p i t a t e  pa r t i c l e s  
w h i c h  were  in  t h e  f o r m  of t h i n  p l a t e l e t s  severa l  t h o u s a n d  
/ k n g s t r 6 m  u n i t s  in t h e  large  d i m e n s i o n  a n d  a few h u n d r e d  
~ n g s t r 6 m  u n i t s  t h i c k .  I t  is n o t  poss ib le  t h a t  c e m e n t i t e  
p l a t e l e t s  of  t h e s e  d i m e n s i o n s  cou ld  g ive  rise to  t h e  
p a t t e r n s  o b s e r v e d .  I t  is t h e r e f o r e  c o n c l u d e d  t h a t  t he  
ex i s t ence  of e -ca rb ide  in i ron  c o n t a i n i n g  as  l i t t le  as 0.01 
w t .  % c a r b o n  is t h e  m o s t  r e a s o n a b l e  i n t e r p r e t a t i o n  of the  
d i f f r a c t i o n  p a t t e r n s  f r o m  t h e  s p e c i m e n s  aged  a t  200 ° C. 
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