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Fig. 1--An experimental plot of dendrite tip temperature 
against growth rate at three different temperature gradi- 
ents 0.5~ 10*C/cm. and 60*C/cm for an AI 2 wt pct 
Cu alloy. 1 
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Fig. 2--Schematic diagram of dendrite tip temperature 
plotted against growth rate for different temperature gradi- 
ents (G) showing the variation in temperatures of the colum- 
nar dendrites and equaxed crystals. 

of the g rea t e r  ra te  of heat  ex t rac t ion  f rom the bulk 
l iquid (posit ion E 2 o n  Fig. 2). This  in t u rn  will s t i l l  
fu r the r  dec rea se  the growth ra te  of the co lumnar  in -  
t e r face  and i n c r e a s e  the t e m p e r a t u r e  grad ien t  and 
hence dec rea se  the t e m p e r a t u r e  of the co lumnar  f ront  
(posit ion C4, Fig.  2). The r a t e s  of growth and t e m p e r a -  
t u re s  of the co lumnar  and equiaxed c ry s t a l s  will  t h e r e -  
fore  follow the a r rows  shown on Fig. 2. The growth 
ra te  of the equiaxed c r y s t a l s  rap id ly  i n c r e a s e s  and the 
growth ra te  of the co lumnar  in te r face  d e c r e a s e s .  Even-  
tua l ly  a condit ion is r eached  where the co lumnar  f ront  
has a lmos t  stopped but  where  the equiaxed c ry s t a l s  a re  
growing rapidly .  This phenomena leads to the v e r y  
abrupt  change in s t r u c t u r e  observed  in many cas t ings  
and ingots.  It is much more  difficult  to envisage  such 
an abrupt  change if the effect of g rad ien t  ahead of the 
co lumnar  f ront  is neglected.  

1. M. H. Burden and J. D. Hunt: Z Crystal Growth, 1974, vol. 22, p. 99. 
2. M. H. Burden: D. Phil. Thesis, Oxford University, 1973. 
3. H. Fredrikson and M. HiUert: Met Trans., 1972, vol. 3, p. 565. 

The CsCl-type Order-Disorder 
Transition Temperature in VMn Alloys 
TOMOO SUZUKI AND MASUO HAGIWARA 

A CsCl- type  o rde red  s t r uc t u r e  in an equiatomic VMn 
alloy has been  observed  by Wa te r s t r a t  I and Darby, J r . ,  2 
on the bas i s  of the X - r a y  dif f ract ion us ing the CrK~ 
rad ia t ion  whose f requency  is close to the absorpt ion 
edge of one of the e l ements .  This  s t r u c t u r e  has also 
been conf i rmed by Doroshenko e t  a l  3 and Kuchin e t  a l  4 

using the neu t ron  diffract ion technique.  The purpose  
of the p re sen t  study is to de t e rmine  the CsCl- type  
o r d e r - d i s o r d e r  t r a n s i t i o n  t e m p e r a t u r e  in VMn alloys 
conta in ing 30 ~ 55 at. pct Mn by means  of the d i f fer -  
en t ia l  t h e r m a l  ana lys i s  and specif ic  heat  m e a s u r e m e n t .  

The al loys were  p repa red  by a r c - m e l t i n g  vanadium 
f lakes 99.8 pet in pur i ty  and e lec t ro ly t ic  manganese  
99.9 pet in pur i ty  under  an argon a tmosphere .  The 
composi t ion of each al loy was calcula ted by a s suming  
that the total  weight loss  dur ing  the mel t ing  was due 
to the vapor iza t ion  of manganese .  These  calcula ted 
va lues  agreed  r ea sonab ly  well  with the r e s u l t s  of 
chemica l  ana lyses  which were  done on some of the 
a l loys .  All the Ingots were wrapped with molybdenum 
foil and encapsula ted  in a quar tz  tube in a vacuum and 
then homogenized at 1300~ for 2 h. Specimens for the 
DTA and specif ic  heat  m e a s u r e m e n t  were  made by 
gr inding off the sur face  of the ingots, held at 1050~ 
i n  v a c u o ,  and then e i ther  cooled at a r a t e  of 50~ 
or quenched d i r ec t ly  into iced b r ine .  Before the t h e r -  
mal  exper imen t s ,  al l  the spec imens  were  conf i rmed 
to be of a s ingle  phase,  the bcc or CsC1 s t ruc tu r e ,  by 
the opt ical  mic roscopy  and X - r a y  examina t ion  with 
CrKc~ radia t ion .  

Fig.  I shows DTA curves  at a heat ing ra te  of 10~ 
rain of equiatomic VMn al loy spec imens  quenched and 
annealed.  On the curve  of the quenched spec imen,  two 
d ls t ine t  r eac t ions ,  exo thermic  and endothermic ,  a re  
observed .  On the curve  of the annealed  spec imen,  how- 
ever ,  only an endothermic  reac t ion  is observed .  These  
r e su l t s  show that the d i so rde red  state  can be quenched 
to room t e m p e r a t u r e ,  and that the exothermic  r eac t ion  
of the quenched spec imen  in the t e m p e r a t u r e  range  of 
600 to 750~ is due to o rde r ing  and the endothermic  
reac t ion  on both the cases  is due to d i so rder ing .  The 
peak t e m p e r a t u r e  in the endothermic  r eac t ion  exis ts  
at 845~ this is the CsC1 type o r d e r - d i s o r d e r  t r a n s i -  
t ion t e m p e r a t u r e  in an equiatomic VMn alloy. In the 
case of the annealed  spec imen,  however,  an anomaly  
in the d i so rde r ing  p rocess  is  obse rved ;  the curve  does 
not fal l  down monotonously.  The anomaly  is also found 
in the specif ic  heat  curve  of an annealed equiatomic 
al loy spec imen  at a heat ing ra te  of 2 .5~  As 
shown in Fig.  2, bes ides  the main  sharp  peak owing 
to the o r d e r - d i s o r d e r  t r ans i t i on  at 845~ there  is a 
b road  peak at about 730~ The peak at 760~ in the 
DTA cor responds  to the 730~ peak in the specif ic  heat.  
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Electronics and Graduate Student, School of Metallurgy, Tokyo Insti- 
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Fig. 1--Different ia l  t he r m a l  ana lys i s  cu rves  of equiatomic 
VMn and FeCo alloys.  
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Fig. 2--Specific heat  cu rves  of annealed equiatomic VMn and 
FeCo 8 al loys.  
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Fig. 3 - - O r d e r - d i s o r d e r  t r ans i t ion  t e m p e r a t u r e s  in VMn alloys. 

T h u s ,  t h e  h e a t i n g  r a t e  m a r k e d l y  a f f e c t s  t h e  730~ p e a k ,  
b u t  n o t  t h e  t r a n s i t i o n  t e m p e r a t u r e .  An e x t r a  p e a k  c a l l e d  
" 5 5 0 ~  a n o m a l y "  in t h e  s p e c i f i c  h e a t  c u r v e  h a s  b e e n  
r e p o r t e d  in  t h e  d i s o r d e r i n g  p r o c e s s  of t h e  C s C l - t y p e  
o r d e r e d  F e C o  a l l o y .  5-~ In F i g s .  1 a n d  2 t h e  r e s u l t s  of 
t he  D T A  and  t he  s p e c i f i c  h e a t  m e a s u r e m e n t  of a n  a n -  
h e a l e d  F e C o  a l l o y  a r e  i n c l u d e d  f o r  c o m p a r i s o n  wi th  
t h e  V M n  a l loy .  It  i s  r e a s o n a b l e  to  c o n s i d e r  t h a t  " 7 3 0 ~  
a n o m a l y "  in V M n  a l l o y  i s  e q u i v a l e n t  to  " 5 5 0 ~  a n o m -  
a l y "  in  F e C o  a l l o y  and  t h a t  b o t h  t he  a n o m a l i e s  o r i g i -  
n a t e  f r o m  t h e  s a m e  m e c h a n i s m .  

The  o r d e r - d i s o r d e r  t r a n s i t i o n  t e m p e r a t u r e  in  VMn 
a l l o y s  d e t e r m i n e d  b y  t h e  D T A  a r e  s h o w n  in F ig .  3. 
T h e  s o l i d  l i n e  in  t h e  f i g u r e  i s  a t h e o r e t i c a l  one  b a s e d  
o n  B r a g g - W i l l i a m s  a p p r o x i m a t i o n ,  i . e . ,  T = 4 T c x ( 1  - x ), 

w h e r e  x i s  t h e  a t o m i c  f r a c t i o n  of t h e  c o m p o n e n t  and  
T c i s  t h e  t r a n s i t i o n  t e m p e r a t u r e  a t  e q u i a t o m i c  c o m p o -  
s i t i o n .  In t he  c o m p o s i t i o n  r a n g e  s t u d i e d ,  a good  a g r e e -  
m e n t  i s  o b t a i n e d  b e t w e e n  t he  e x p e r i m e n t a l  a n d  t h e o r e t -  
i c a l  v a l u e s .  

T h e  d e t a i l s  of t h e  X - r a y  d i f f r a c t i o n ,  t h e r m a l  a n a l y -  
s e s ,  d i l a t o m e t r i c  s t u d y ,  a n d  o t h e r  p h y s i c a l  a n d  m e c h a n -  
i c a l  p r o p e r t i e s  of V M n  a l l o y s  w i l l  b e  p u b l i s h e d  e l s e -  
w h e r e  9 
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