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YTTRIU M  IN SE R T IO N  IN TO  TH E CoSb3 SK U TTERƯ D ITE BY 
H O T -PR E SSED  M ETHOD

Le V an  Vu

D epartm ent o f  Physics, College o f  Science, VNU

Abstract: The yttrium fillin g  skutterudite compound was prepared by hot- 
pressed m ethod unde r p ressure o f 30MPa. It w as found tha t y ttrium  atom s could 
be inserted in th e  vaca n t s ite  o f the C oS bj skutterudite. The crystal s tructure of 
resulting Y,Co4Sb,2 (x = 0 * 0.15) was refined by the Rietveld refinement of the 
X-ray diffraction data.

1. I n t r o d u c t i o n

Skutterudite-type s tru c tu re  is a cubic structure with the space group Im-3 composed 
of eight corner-shared MXg octahedra (M=Co, Fe, Ru, Os; X = p , As, Sb). The structure is 
closely related to the perovskite-type structure. The linked octahedra produces a void a t the 
center of (MXn)s — cluster and th is void (vacant site) occupies a body-centered position of 
th e  cubic lattice. T his void is  large enough to accommodate large metal atoms, resulting in 
the formation of filled- sk u tte ru d ite  structures with the general formula RMịXị., (Sn, Ce, 
P r)[l]. Recently, these compounds are highlighted as thermoelectric conversion m aterials 
with high conversion efficiency. Generally, these compounds show very high carrier 
mobilities and large therm oelectric power. If lowering the therm al conductivity of the 
sku tte rud ites compounds w ith a minimal reduction in the electrical properties can be 
achieved, high ZT values m ight be possible. In the filled skutterudites compounds, loosely 
bound R atom s have unusually  large therm al vibration am plitudes. Consequently, 
rem arkable reduce in  therm al conductivity is expected by strong phonon scattering [2],

In  previous study [3], we have synthesized the filling sku tterud ite  YxCo4Sb12 
compounds by inductive m elting followed by sintering in vacuum and have investigated the 
solubility lim it of Y on these compounds. In this study, yttrium  atom insertion in the CoSb;, 
lattice has been performed u nder hot-pressed conditions. We have investigated the 
structu ra l of the general form YxCo4Sb12 (x=0-0.15). The Rietveld refinem ent method was 
used for refining s tru c tu re  p aram eters and for examining y ttrium  distribution in CoSb3 
structure.

2. E x p e r im e n ta l

Sb (99.9999% pure),Y (99.9% pure) shots and Co (99.99% pure) powder were used as 
startin g  m aterials. Polycrystalline CoSb3 ingots were prepared as follows. Stoichiometric 
m ixture of cobalt and  antim ony (Co:Sb = 1:3) was loaded into quartz  ampoules. These 
am poules w ere sealed u n d er vacuum  10'5 mmHg. They were heated in a furnace a t  600"C 
for 24 h and quenched to room tem perature.
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Y t t r iu m  a to m  i n s e r t i o n  in  t h e  C o S b 3 h o s t  l a t t i c e  w a s  d o n e  b y  tw o  s t e p s :  t h e  f i r s t  - 

p r e p a r i n g  Y3C o , p o w d e r  b y  d ừ e c t  r e a c t i o n  f ro m  th e  c o b a l t  a n d  y t t r i u m  l iq u i d  i n  i n d u c t iv e  

f u r n a c e ,  t h e  s e c o n d  s t e p  - r e a c t i o n  f ro m  t h e  C o S b 3 a n d  Y ;,C o , p o w d e r  b y  h o t - p r e s s e d  m e th o d  

( F ig . l a ) .  P o w d e r  o f  Y2C o 3 w a s  m ix e d  w i th  C o S b 3 p o w d e r  in  t h e  m o la r  r a t i o  c o r r e s p o n d i n g  to  

t h e  s to i c h io m e tr ic  f i l le d  s k u t t e r u d i t e  c o m p o s i t io n  Y „C o .|S b |2 (x = 0 , 0 .0 2 5 ,  0 .0 5 ,  0 .0 7 5 ,  0 . 10 ,

0 .1 5 ) . T h e  m ix e d  p o w d e r  w a s  g r o u n d  a n d  p u t  i n to  a  c y l in d r i c a l  g r a p h i t e  m o u ld  ( F ig . l b ) .  T h e  

r e a c t i o n s  w e r e  c a r r i e d  o u t  a t  p r e s s u r e  o f  3 0  M P a  u s i n g  a  c o n v e n t io n a l  h o t - p r e s s .  T h e  

r e a c t i o n  t e m p e r a t u r e  a n d  t h e  d u r a t i o n  w e r e  f ix e d  to  6 5 0 ° c  a n d  15  m in .

F i g . l .  T h e  c o n v en tio n a l h o t-p re s s  (a)  a n d  th e  c y lin d r ic a l g ra p h i t e  m o u ld  (b)

3 . R e s u l t s  a n d  d i s c u s s i o n

S i n g le - p h a s e  C o S b 3 w i th  t h e  c u b ic  s k u t t e r u d i t e - t y p e  s t r u c t u r e  w a s  o b ta in e d .  T h e  

l a t t i c e  p a r a m e t e r  w a s  d e t e r m i n e d  to  b e  a = 9 .0 2 8  A ", w h ic h  w a s  i n  g o o d  a g r e e m e n t  w i th  

p r e v io u s  s t u d i e s  [3 ,5 ]. F i g u r e  2  s h o w s  t h e  s u r f a c e  m ic r o g r a p h  o f  C o S b 3 s a m p le .  E D S  

a n a ly s i s  o f  t h i s  im a g e  (F ig .3 -  c u r v e l )  s h o w  t h a t  c o b a l t  c o n c e n t r a t i o n  o f  t h e  p a r t i c l e s  w a s  

n o t  c h a n g e d ,  T h e  r e a c t i o n  o f  c o b a l t  p a r t i c l e s  a n d  a n t im o n y  l i q u id  w a s  c o m p le t e d .  T h e  c u r v e

2  o n  t h e  f ig .3  s h o w s  t h e  E D S  s p e c t r u m  o f  t h e  f i l le d  s k u t t e r u d i t e  Y xC o 4S b 12 ( x = 0 .1 5 ) .

I n  p r e v io u s  s tu d y  [3 ], w e  h a v e  s y n th e s i z e d  t h e  f i l l i n g  s k u t t e r u d i t e  Y xC o 4S b | 2 
c o m p o u n d s  b y  in d u c t iv e  m e l t i n g  f o llo w e d  b y  s i n t e r i n g  i n  v a c u u m  a t  1 0 3 0 ° c  a n d  f o u n d  t h a t  

s e c o n d - p h a s e  S b Y  w a s  f o rm e d . I n  t h i s  s tu d y ,  t h e  r e a c t i o n  t e m p e r a t u r e  w a s  f ix  t o  6 5 0 ° c  

b e c a u s e  t h e  h o s t  m a te r i a l  d e c o m p o s e d  to  a r s e n o p y r i t e - ty p e  C o S b 2 a n d  C o  a t  h ig h e r  

t e m p e r a t u r e .  T h e  X R D  a n a l y s i s  o f  t h e s e  s a m p le s  ( F ig .4 - c u r v e s  a )  s h o w  t h a t  S b Y  p h a s e  

w a s  n o t  f o rm e d  u n d e r  h o t - p r e s s e d  c o n d i t io n s .  T h e  l a t t i c e  p a r a m e t e r  i n c r e a s e s  w i th  

i n c r e a s in g  Y f i l l i n g  f r a c t io n  X. D e p e n d  t h e  v a lu e s  o f  X, t h e  l a t t i c e  p a r a m e t e r  w a s  in c r e a s e d  

i n  t h e  r a n g e  f ro m  9 .0 2 7 9  A ° to  9 .0 3 8 5  A°. T h e  i n c r e a s e  o f  t h e  l a t t i c e  p a r a m e t e r  w a s  

e x p la in e d  b y  t h e  f o r m a t io n  o f  f i l le d  s k u t t e r u d i t e  Y ,C o 4S b 12 o r  t h e  p o s i t io n  o f  a n t im o n y  

a to m s  w e r e  r e p l a c e d  b y  y t t r i u m  a to m s .  T h e  R i e tv e ld  r e f i n e m e n t  m e th o d  w a s  u s e d  fo r  

r e f in in g  t h e  s t r u c t u r e  p a r a m e t e r s  ( l a t t i c e  p a r a m e t e r  a, Y  a t o m s  p o s i t io n s )  a n d  fo r  

a n a ly z in g  th e  Y  a to m  s i t e  d i s t r i b u t i o n  in  t h e  C oS ba s t r u c t u r e .  T h e  i n i t i a l  i n p u t  p a r a m e t e r s  

fo r  t h e  c o b a l t  a n d  a n t im o n y  p o s i t io n s  w e r e  a s s u m e d  to  b e  t h e  s a m e  a s  t h o s e  o b t a in e d  fo r  

th e  a r s e n i c  p o s i t io n s  in  t h e  i s o t y p e  c o m p o u n d  -  C o A s 3 ( s p a c e  g r o u p :  I m - 3 ) .  T h e  r e s u l t i n g  

p a r a m e t e r s  o b t a in e d  f o r  u n d o p e d  C o S b 3 w e r e  u s e d  in  t h e  a n a l y s i s  o f  y t t r i u m  d i s t r i b u t i o n  in  

t h e  C o S b 3 s t r u c t u r e .  T w o  a l t e r n a t i v e  m o d e ls  o f  Y -d o p e d  C o S b 3 s t r u c t u r e  w e r e  c o n s id e r e d :  A  

( F ig .4 - c u rv e  b ) : Y  s u b s t i t u t e s  S b  in  t h e  24g  (0 ,y ,z )  s i t e  o r  B  ( F ig .4 - c u r v e  c): Y  f i l l s  t h e  v o id s  

i n  t h e  2a  (0 .0 ,0 )  s i t e .  B o th  t h e  m o d e ls  w e r e  r e f in e d  u s i n g  X R D  p a t t e r n s  f o r  t h e  s a m p le  

x = 0 .0 7 5 .



154 Le Van Vu

T h e  r e f in e m e n t  b y  R IE T A N  2 0 0 0  

p r o g ra m  [4] w a s  c a r r i e d  o u t  f o r  5 2  re f le c t io n s .

A n a ly s is  o f  t h e  c a l c u l a t e d  p a t t e r n s  s h o w  t h a t  

f i l l in g  t h e  v o id  w i th  Y  i n  t h e  2a  s i t e  l e a d s  to  

e x t in c t io n  o f  lo w - a n g le  r e f l e c t i o n s  (011 ) ,  (002 ),

(1 1 2 ). T h u s ,  i t  c a n  b e  s t a t e d  t h a t  m o d e l  B  f i ts  

e x p e r im e n ta l  d a t a  c o n s id e r a b ly  b e t t e r  t h e n  

m o d e l A . T h e  s t a t i s t i c  p a r a m e t e r s  s u c h  a s  a  

g o o d n e s s -o f - f i t  (S ) w e r e  2 .4 7  a n d  1 .8 5  fo r  t h e  

m o d e l  A  a n d  m o d e l  B , r e s p e c t iv e ly .  I n  

c o n c lu s io n , i t  c a n  b e  a s s u m e d  t h a t  Y  a to m s  

f i l ls  t h e  v o id s  in  t h e  s k u t t e r u d i t e  s t r u c tu r e .

4 . C o n c l u s i o n s

P o l y c r y s ta l l in e  s a m p le s  o f  C o S b 3 s k u t t e r u d i t e  c o m p o u n d s  w e r e  p r e p a r e d  b y  m e l t in g  

t h e  a p p r o p r i a t e  q u a n t i t i e s  o f  c o m p o n e n t  e le m e n ts .  Y t t r i u m  a to m  i n s e r t i o n  in  t h e  C o S b 3 
l a t t i c e  h a s  b e e n  p e r f o r m e d  u n d e r  h o t - p r e s s e d  m e th o d .  W e  h a v e  in v e s t i g a t e d  t h e  s t r u c t u r a l  

o f  t h e  g e n e r a l  f o rm  Y „C o4S b |9 (x = 0  - 0 .1 5 ) . S b Y  p h a s e  w a s  n o t  f o rm e d  u n d e r  h o t - p r e s s e d  

c o n d i t io n s .  T h e  R ie tv e ld  r e f in e m e n t  m e th o d  w a s  c o n f ir m e d  t h a t  Y  a to m s  f i l l s  t h e  v o id s  in  

t h e  s k u t t e r u d i t e  s t r u c t u r e .

T h is  w o rk  w a s  c o m p le t e d  w i th  f in a n c ia l  s u p p o r t  f ro m  t h e  N a t u r a l  S c ie n c e  P r o g r a m  o f  

V ie tn a m  N a t io n a l  U n iv e r s i t y ,  H a n o i  (C o d e  Q T - 0 4 -0 6 ).
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F ig .4 . XRD p a t te r n  o f  th e  s a m p le  x=0.075: 
(a) th e  so lid  p o in ts  a re  th e  e x p e r im e n ta l d a ta , 

w h ile  so lid  lin e  r e p re s e n ts  a  f ittin g  w ith  
R ie tve ld  m e thode,(b ,c )  d if fe ren tia l lin e  for 

m ode l A  a n d  B, respective ly


