
The Diffusion of Sulfur-35 in NiO 
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The  diffusion of r a d i o t r a c e r  su l fur  in s ingle  c r y s t a l s  and in p r e s s e d  powder compacts  of 
NiO has been s tudied.  The  d i f fus iv i t i e s  for  the undoped s ingle  c r y s t a l s  we re :  

D = 1.89 • 10 -~ e x p ( - 1 8 5 . 3  kJ /RT) ,  cmZ/s  

be tween  820~ and 1200~ and under  v i r t ua l l y  constant  [0.77 to 1.0 a tm] oxygen p r e s s u r e .  
The  d i f fus iv i t i es  in p r e s s e d  powders  w e r e  g r e a t e r  than in the co r r e spond ing  s ingle  c r y s -  
ta l l ine  s p e c i m e n s .  The di f fus ivi ty  of su l fur  in NiO i n c r e a s e d  as the oxygen p a r t i a l  p r e s -  
s u r e  ove r  the c r y s t a l  d e c r e a s e d .  This  r e s u l t  ind ica tes  that  su l fur  might  m i g r a t e  v i a  oxy- 
gen v a c a n c i e s .  The dif fus ivi ty  of su l fur  in Cr -doped  c r y s t a l s  was found to be about an 
o r d e r  of magni tude lower  than the undoped c rys t a l .  The r e s u l t s  obtained on the doped 
c r y s t a l s  w e r e  cons i s ten t  with the oxygen vacancy  m e c h a n i s m .  

THE diffusion of host  cat ions and fo re ign  impur i ty  
cat ions in oxides  has been r e l a t i v e l y  wel l  s tudied com-  
p a r e d  to the diffusion of anions,  e spec i a l l y  anion i m -  
p u r i t i e s .  In many p r a c t i c a l  appl ica t ions  the t r a n s p o r t  
of anion i m p u r i t i e s  a c r o s s  an oxide l aye r  is of p r i -  LI 
m a r y  impor t ance .  A wel l  known example  is  the case  of F 
tu rb ine  engines  ope ra t ing  in a i r c r a f t  o r  sh ips .  The  Na 

A1 
combinat ion  of su l fur  in the fuel  and sodium ch lor ide  in s~ 
the a i r  ove r  sea  wa te r  r e a c t s  to fo rm sodium sulfate  s 
which se t t l e s  on the turbine bIades and r e l a t ed  engine Cl 
pa r t s .  Th is  s i tua t ion  leads  to a degrad ing  of the coat -  K 
ings on the b lades  and a subsequent  f a i lu re  of the Ca 

Mn 
blade.  In some  ins tances ,  a l aye r  of su l fur  or  sulf ide Fe 
appea r s  below the oxide coat ing on the af fec ted  engine Co 
p a r t )  '~ It i s  not known how sul fur  is  t r a n s p o r t e d  Cu 
through the oxide coat ing l aye r .  Since n i c k e l - b a s e  Zn 
supe ra l l oys  a r e  the m o s t  widely  used a l loys  in the c~ 
turbine  indus t r i e s ,  the p r e s e n t  paper  r e p o r t s  the r e -  
sui ts  of the s tudies  on the ra te  and m e c h a n i s m  of su l -  
fur  t r a n s p o r t  through a mode l  sys t em,  nickeI  oxide.  

EXPERIMENTAL 

A) Sulfur  Di f fus iv i t i e s  in Doped and Undoped NiO 

Single c r y s t a l s  w e r e  suppl ied by SIN CRYS, Inc. ,  
Oak Ridge,  T e n n e s s e e .  The c r y s t a l s  w e r e  grown by 
the f l ame  fusion technique.  Spark  s o u r c e  m a s s  spec -  
t r o m e t r i c  ana lyses  of doped and undoped s ingle  c r y s -  
t a l l ine  NiO a r e  l i s t ed  in Table  I.  The c r y s t a l s  w e r e  
f i r s t  c leaved  into r e c t a n g u l a r  pa ra l l e lop ipeds  having 
f aces  p a r a l l e l  to the (100) p lanes .  Typ ica l  d imens ions  
w e r e  0.3 cm x 0.3 cm • 0.1 cm.  The n icke l  oxide c r y s -  
t a l s  w e r e  p r eannea l ed  under  v i r tua l ly  constant  (0.77 to 
1.0 atm) oxygen p r e s s u r e  in a sea led  quar tz  tube for  
at l ea s t  7 days 3 This  t ime  was suff ic ient  to homoge-  
n ize  the c r y s t a l s  a c c o r d i n g  to the data  of P r i c e  and 
Wagner .  4 Af t e r  the p reannea l ,  the c r y s t a l s  w e r e  with-  
drawn rap id ly  f rom the furnace  and cooled to r o o m  
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Table I. Impurity Concentrations in NiO (in ppma) 

Element* Detection Lmutt NIO(Cr) NIO 

0 1 ND N.D. 
01 Ol 3.4 
Ol ND. 14 
0 7 14 N.D 
3 2 5 N.D. 
7 50 38 
0 7 N D 0.92 
Ol 012 21 
07 2l I0 
1 2 6 N.D 
1 32 12 
3 N.D 46 
1 1.5 N.D. 
3 25 76 
03 33)00 N D 

*No analysis was made for hydrogen Analyses for carbon, nitrogen, tantalum, 
and gold are not given since tantalum silts are used in the mass spectrometer and 
the samples were mounted on styrene and sparked against gold counterelectrodes 
Other elements not listed were not detected and have concentrations less than 
10 ppma 

+Determined for 3 • 10 "8 coulomb exposure 
N.D -Not detected 

t e m p e r a t u r e .  R a d i o t r a c e r  su l fu r -35  (~0.01 mg) was 
appl ied to one face  of each  c r y s t a l  by applying a so lu-  
t ion of S-35 in benzene .  The benzene  was evapora ted ,  
l eav ing  a thin l aye r  of t r a c e r .  The c r y s t a l s  w e r e  then 
encapsu la ted  in a quar tz  tube under the s a m e  condi-  
t ions as the pred i f fus ion  anneal .  The sea led  tube con- 
ta ining the c r y s t a l  was given a diffusion annea l  for  5 to 
15 days .  The  tube was then withdrawn rap id ly  f r o m  the 
fu rnace  and the s p e c i m e n  was r e m o v e d  f r o m  the tube.  
Approx ima te ly  150 m i c r o n s  w e r e  ground f r o m  the 
f aces  of the c r y s t a l  which w e r e  not o r ig ina l ly  coated 
with r a d i o t r a c e r .  The c r y s t a l  was mounted in a r o o m -  
t e m p e r a t u r e  se t t ing  p las t i c  within a s t a i n l e s s  s t e e l  
r ing .  The r ad ioac t iv i ty  of the o r ig ina l  su r f ace  was 
counted by us ing a mode l  1152 Nuc lea r  Chicago low- 
background,  gas flow counting s y s t e m .  S u c c e s s i v e  
l a y e r s  w e r e  ground off p a r a l l e l  to the o r ig ina l  s u r f a c e  
and the r e s i d u a l  ac t iv i ty  counted on each  r e m a i n i n g  
s u r f a c e .  A to ta l  depth of about 100 ~ was r e m o v e d .  A 
typ ica l  plot  of e r i c  -1 (I/I1) vs x for  su l fur  diffusing into 
NiO is  shown in F ig .  1. The  absorp t ion  e f fec ts  of su l -  
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Fig, 1--Typical penetration profile for sulfur-35 in single 
crystalline NiO at 900~ 

fu r -35  w e r e  c o r r e c t e d  5 by using a l inea r  absorp t ion  
coeff ic ient  of 1660 cm -x. 

The p a r t i a l  p r e s s u r e s  of O2 and SO~ (assuming  
su l fu r  evapora ted  comple te ly)  ins ide  the tube at e l e -  
va ted  t e m p e r a t u r e  w e r e  about 0.7 to 1.0 arm and 10 -3 
a tm r e s p e c t i v e l y .  At t empts  of va ry ing  su l fur  ac t iv i ty  
under  v i r t ua l l y  constant  oxygen p a r t i a l  p r e s s u r e  w e r e  
made  by adjus t ing  the amount  of S-35 depos i ted .  How- 
e v e r ,  no d i f f e r ence  in the r e s u l t  was  de tec ted  with 
d i f fe ren t  l e v e l s  of su l fu r  ac t iv i ty .  The amount  of su l -  
fur  consumed by the s p e c i m e n  dur ing each  e x p e r i m e n t  
was  ca lcu la ted  to be about 10 -~ mg ( less  than 0.1 pct  of  
the in i t ia l  amount  deposi ted) .  This  co r r e sponded  to a 
0.2 ppma i n c r e a s e  of su l fur  in the spec imen .  The 
s t o i c h i o m e t r y  of the s p e c i m e n  was t h e r e f o r e  not ap-  
p r ec i ab ly  changed dur ing the tes t .  The data  w e r e  then 
ana lyzed  by us ing  the constant  s o u r c e  solut ion of 
F i c k ' s  Second Law. The constant  s o u r c e  solut ion was  
used  because  the r ad ioac t i ve  su l fur  evapora t ed  and 
y ie lded  a constant  gaseous  s o u r c e  within the c losed  
qua r t z  tube.  Th is  solut ion i s ,  

I = / 0 [ 1 -  e r f ( ~ ) ]  [1] 

whe re  I is the ac t iv i ty  at any pene t ra t ion  d i s t ance  x, Io 
is  the ac t iv i ty  of the diffusant  at the su r f ace ,  D is  the 
app rop r i a t e  diffusion coef f ic ien t  in cm2/s  and t is  the 
diffusion t i m e  in seconds .  The  data  fo r  both the un- 
doped and Cr -doped  s ing le  c r y s t a l s  a r e  shown in Tab le  
II.  The  A r r h e n i u s  plot  of the su l fur  diffusion coe f f i c i -  
ent  in the undoped c r y s t a l s  is  shown in F ig .  2. F o r  
c r y s t a l s  equ i l i b ra t ed  with v i r tua l ly  constant  (0.77 to 
1.0 arm) oxygen p a r t i a l  p r e s s u r e ,  the da ta  can be r e -  
p r e s e n t e d  by: 

D(S in NiO) = 1.89 • 10 -~ e x p ( - 1 8 5 . 3  kJ/RT), c m e / s .  

The  di f fus ivi ty  of su l fur  in the C r - d o p e d  c r y s t a l  was  
found to be about an o r d e r  of magni tude lower  than 
the undoped c rys t a l .  The r e s u l t s  a r e  shown in Table  II 
and Fig.  3 and wit l  be d i s cus sed  l a t e r .  

In a p r a c t i c a l  s i tuat ion,  a p ro t ec t i ve  coat ing of an 
oxide is  usual ly  po lyc rys t a l l i ne ,  Accord ing ly ,  powders  
of NiO (99.999 at .  pc t  pure)  obtained f r o m  Apache 
Chemica I s  w e r e  p r e s s e d  in a cy l i nd r i ca l  die  of 0.78 
cm diam under  a load of approx ima te ly  5,000 psi .  The  
pe l l e t s  w e r e  s i n t e r e d  in a i r  a t  1500~ fo r  24 h. The  
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Fig. 2--Arrhenius plot of the sulfur diffusion coefficient in 
the undoped single and polycrystalline NiO heated under vir-  
tually constant [0.77 to 1.0 atm] oxygen pressure. 

Table IL The Sulfur-35 Diffusion Coefficients of NiO Heated Under Virtually 
Constant [0.77 to 1.0 atm] Oxygen Partmt Pressure 

O(cm2/s), NlO Cr-Doped N10 NiO 
C ~ Single Crystal Single Crystal Polycrystal 

820 3.4 X i0 "t4 - - 
850 4.3 X 10 q4 
900 8 8 X 10 q4 8.0 X 10 qs - 
950 1 9 X 10 "13 1 t X 10 q4 b 3 X 10 "12 

1000 5 4 X 10 q3 2.1 X t0 "14 l 0 X 10 "n 
1050 8 9 • 10 "13 3.5 X 10 "~4 t.2 X 10 "n 
1090 - - 3 3 X 10 "u 
1 1 0 0  1 9X 10 q~ 6.1X 1 0  "la - 

t 1 5 0  32X 10 q~ 85X 10 "l~ - 
1200 4 8 X t0 "12 2 3 X I0 .13 - 

densi ty  of the p o l y c r y s t a i  fol lowing s in t e r ing  was 
93.1 pct  of the t heo re t i c a l .  The  g ra in  s i ze  was about 
10 to 12 ~.  The  s a m p l e s  w e r e  p reannea led  in the s a m e  
way as for  the s ing le  c r y s t a l s  in o r d e r  to adjust  the 
s t o i c h i o m e t r y .  The pe l l e t s  w e r e  then quenched,  r ad io -  
t r a c e r  su l fur  was appl ied to one face  of the pe l l e t s ,  
and the diffusion anneal  and counting p r o c e d u r e  w e r e  
c a r r i e d  out in the s a m e  m a n n e r  as d e s c r i b e d  above fo r  
the s ing le  c r y s t a l s .  In o r d e r  to c o m p a r e  these  r e -  
su l t s  with those  on the s ing le  c r y s t a l s ,  equat ions  for  
ca lcu la t ing  the bulk diffusion coef f ic ien t  w e r e  appl ied 
to compute  the diffusion coef f ic ien t  in the compac t  
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s p e c i m e n s .  T h e  r e s u l t s  a r e  s h o w n  in  T a b l e  II a n d  F i g .  
2. T h e  d i f f u s i o n  c o e f f i c i e n t  f o r  t he  s p e c i m e n s  s t u d i e d  
c a n  b e  r e p r e s e n t e d  a s :  

D(S in  p o l y x  NiO) = 2 .85  x 1 0 4  e x p ( - t 5 6 . 9  k J / R T )  
c m 2 / s  

for oxygen pressures  of 0.86 to 0.96 atm. 

B) D i f f u s i o n  of  S u l f u r  T r a c e r  U n d e r  
D i f f e r e n t  O x y g e n  P a r t i a l  P r e s s u r e s  

E x p e r i m e n t s  of s u l f u r  t r a c e r s  d i f f u s e d  i n to  s i n g l e  
c r y s t a l l i n e  NiO u n d e r  d i f f e r e n t  o x y g e n  p a r t i a l  p r e s -  
s u r e s  w e r e  p e r f o r m e d  in  o r d e r  to  s t u d y  t h e  m e c h a n i s m  
of s u l f u r  m i g r a t i o n .  T h e  o x y g e n  p a r t i a l  p r e s s u r e s  
w e r e  e s t a b l i s h e d  a s  d e s c r i b e d  i n  S e c t i o n  A and  a l s o  by  
u t i l i z i n g  t h e  o x y g e n  p r e s s u r e  e q u i l i b r a t e d  o v e r  two 
p h a s e  m i x t u r e s  of  C ~ / C u 2 0  o r  Fe3Oe/Fe~O3.  T h e  s i n -  
g le  c r y s t a l l i n e  NiO w a s  p l a c e d  i n s i d e  a s m a l l e r  q u a r t z  
t u b e  (one  e n d  open)  to  p r e v e n t  d i r e c t  c o n t a c t  w i t h  t he  
C u / C u 2 0  ( o r  Fe3Oo/Fe.~O3). T h e  s m a l l e r  t u b e  w a s  t h e n  
p i a c e d  i n s i d e  a l a r g e r  q u a r t z  t u b e  c o n t a i n i n g  t h e  Cu o r  
F e  o x i d e  m i x t u r e .  T h e  l a r g e r  t u b e  w a s  s e a l e d  off and  
t h e  c r y s t a l  w a s  p r e a n n e a l e d  f o r  two w e e k s  to  e n s u r e  
e q u i l i b r a t i o n  to  t h e  d e s i r e d  s t o i c h i o m e t r y .  T h e  r a d i o -  
t r a c e r  s u l f u r  w a s  t h e n  a p p l i e d  to  t h e  c r y s t a l  a n d  t h e  
d i f f u s i o n  a n n e a l  u n d e r  t h e  f i xed  o x y g e n  p a r t i a l  p r e s -  
s u r e  w a s  c a r r i e d  ou t .  T h e  s u r f a c e  a c t i v i t i e s  a f t e r  t h e  
d i f f u s i o n  a n n e a l s  w e r e  f o u n d  to  b e  s i m i l a r  to  t h o s e  a n -  
n e a l e d  u n d e r  0 .77 to  1.0 a r m  o x y g e n  p a r t i a i  p r e s s u r e .  
T h e  d i f f u s i o n  c o e f f i c i e n t s  w e r e  found  to  i n c r e a s e  w i t h  
d e c r e a s i n g  o x y g e n  p a r t i a l  p r e s s u r e  ( T a b l e  III) .  T h e  
l og  D v s  l og  p &  p l o t  ( F i g .  4) y i e l d e d  n e g a t i v e  s l o p e s  
( - 1 / 7 . 5  to  - 1 / 6 2 ) .  T h e  p o s s i b l e  d i f f u s i o n  m e c h a n i s m  
w i l l  b e  d i s c u s s e d  b e I o w .  

DISCUSSION 

T h e  d i f f u s i v i t i e s  of  n i c k e l  6 a n d  o x y g e n  7 i n  NiO h a v e  
b e e n  s t u d i e d .  F o r  e x a m p l e ,  a t  1000~ t h e  d i f f u s i v i t y  of 
n i c k e l  in  NiO u n d e r  0 .21 a r m  o x y g e n  i s  1041 c m e / s  a n d  
t h e  d i f f u s i v i t y  of o x y g e n  u n d e r  50 T o r r  i s  8 • 10 -~4 
c m 2 / s .  T h u s ,  t h e  d i f f u s i v i t y  of s u l f u r  l i e s  b e t w e e n  t h a t  
of t h e  h o s t  c a t i o n  a n d  h o s t  a n i o n  f o r  t h e  s i n g l e  c r y s t a l -  
l i n e  o x i d e s .  In  t h e  p r e s e n t  w o r k ,  t h e  o x i d e s  w e r e  
h e a t e d  a l m o s t  i s o b a r i c a l l y  [0.77 to  1.0 a t m ]  s o  t h e  
a c t i v a t i o n  e n e r g y ,  Q, i s  m a d e  up  of  s e v e r a l  t e r m s ,  a 

Table III. The Sulfur-35 Diffusion Coefficient as a Function 
of Oxygen Partial Pressure Over NiO 

femperature, C ~ Oxygen Partial Pressure, arm D (cm2/s) 

850 0.79 4.3 X 10 "in 
850 4.5 X 10 "6 1 3 X 10 "13 
850 8 1 X 10 "9 5 8 X 10 "13 
850 8 5 X 10 "1~ 5,9 X 10 -13 
900 0 83 8.8 X 10 -14 
900 69X 10 -s 5 3X 10 -13 
900 5 2 X 10 .9 1.4 X 10 "n 

1000 0.89 5 4 X 10 -13 
1000 4 5 X 10 "6 3 8 X 10 "12 
1100 096 1 9X 10 -12 
1100 1.8 X 10 "4 6 5 X 10 q2 

Q = (m + 1) + AH:~ + 2ff/s [2] 

^ r-'f,'~f where anl/eO: represents  the partial molar enthalpy of 
d i s s o l u t i o n  of  o x y g e n ,  AH $ r e p r e s e n t s  t h e  a c t i v a t e d  
e n t h a l p y  of m i g r a t i o n ,  A//s  i s  t h e  e n t h a l p y  of f o r m i n g  
S c h o t t k y  d e f e c t s ,  a n d  ~Jz d e n o t e s  t he  i o n i z a t i o n  s t a t e  of 
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Fig. 3 - -Ar rhen ius  plot of the sul fur  diffusion coefficient  in 
the Cr-doped and undoped single c rys ta l l ine  NiO heated under  
vi r tual ly  constant  [0,77 to 1 0 atm] oxygen p r e s s u r e .  
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Fig. 4--The sulfur  diffusion coefficient  as  a function of the 
oxygen par t i a l  p r e s s u r e  over  NiO smgle  c rys ta l s .  
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the ma jo r i t y  la t t ice  defects .  E r o r  and Wagner  9 have 
e s t ima ted  the pa r t i a l  mo la r  enthalpy of d i sso lu t ion  of 
oxygen (AUdio2) into NiO in a i r  to be about 131.8 
k J / m o l e .  The value of AH s is needed in o rder  to de-  
t e r m i n e  the ac t iva t ion  energy  for the mot ion  of su l -  
fu r .  Unfor tunate ly ,  this  value has not been repor ted  
for  NiO. The su l fur  t r a n s p o r t  in  po lyc rys t a l l i ne  spec i -  
m e n s  was m o r e  rap id  than in  s ingle  c r y s t a l s  as  had 
been  expected.  Thus,  shor t  c i rcu i t  diffusion is  ve ry  
impor t an t  in p r a c t i c a l  appl ica t ions .  

The i nc r ea sed  diffusion ra te  with d e c r e a s i n g  oxygen 
p a r t i a l  p r e s s u r e  and the poss ib le  m ig ra t i ng  mec ha n i sm  
may be i n t e rp r e t ed  as follows. Nickel  oxide always 
exis t s  with an O/Ni  ra t io  g r ea t e r  than one. The d i s -  
solut ion of excess  oxygen may be r e p r e s e n t e d  by 

Appl icat ion of the law of m a s s  act ion yie lds  

g = [ V ~ i ] -  [h]Vp}s [4] 

and the e l ec t roneu t r a l i t y  condit ion r e q u i r e s  that 

[V; i ]  = § [5] 
Hence, 

K = 4 NiJ [ rNi l  / PO 2 [6] [V" I~. rrr,, 11~,.X12 

so that 

" * ' %  [71 

where  [V'~i ] and [hi a re  the concen t ra t ions  of n ickel  
vacanc ie s  and e lec t ron  holes,  r e spec t ive ly .  F u r t h e r -  
more ,  the concen t ra t ions  of anion and cation vacanc ies  
a r e  couoled through the Schottky product  as 

r V "  ~ " [ % ' ] .  [8] Ks = L Nil 
From Eqs. [7] and [8] it is seen that 

{~-116 
[ v s ]  ~ ,-o~ �9 [91 

If the su l fur  t r a c e r  diffuses v ia  oxygen vacanc ies ,  then 

13 ~ r . g .  [Vii ] [10] 

where  F is  the jumping f requency and g is  the geo- 
m e t r i c  fac tor .  If these  two fac tors  a re  cons tant  with 
r e spec t  to the oxygen pa r t i a l  p r e s s u r e  change, at 
constant  t e m p e r a t u r e s  

V ~ Iv 8]  ~ - ~  Po~ �9 I n ]  
A plot of lo F D v s  log p o  2 theore t i ca l ly  should yietd 

a slope o f - 1 / 6 .  The expe r imen ta l  data  (var ied from 
- 1 / 7 . 5  to - 1 / 6 . 2 )  were  in fa i r ly  good ag reemen t  with 
the theore t i ca l  value.* The d i f ference  could be due to 

*If singly mnized nickel vacancms predominate, the dependence on oxygen 
pressure would be one quarter, tn any case the general argument remains un- 
changed. Increasing oxygen pressure decreases D. 

impur i t i e s  in the c rys ta l ,  to the expe r imen ta l  e r r o r s  
and to i n t e r a c t i o n s  between the defects  (nonideal  
solut ion) .  The m i g r a t i o n  of su l fur  in NiO is  the re fo re  
suggested  to be via  oxygen vacanc ies .  O n  the o ther  
hand, if su l fur  m i g r a t e s  v ia  i n t e r s t i t i a l  pos i t ions ,  the 
diffusivi ty should not be changed re la t ive  to the oxygen 
p r e s s u r e  change.  The large  su l fur  spec ies  would also 
be very  difficult  to move via  i n t e r s t i t i a l  pos i t ions .  

The proposed mechan i sm  was fu r the r  checked by 
s tudying the diffusivi ty in a Cr-doped c rys t a l .  The 
doping effect of ch romium on a NiO s ingle  c ry s t a l  has 
been  wel l  s tudied.  ~~ Chromium wil l  subs t i tu te  for  
n icke l  and genera te  an e lec t ron  accord ing  to the follow- 
ing m a s s  ba lance  equation:  

Cr203 = 2Cr~q i + 3 0 0  + 2e. [12] 

Since NiO is  a p - type  conductor with n ickel  vacanc ies  
as i ts  m a j o r i t y  point  defects ,  9'~~ the e l ec t roneu t r a l i t y  
condit ion r e q u i r e s  that 

[CrI~i] + [h] = 2 [V~i] [13] 

where  [Cr ~'i] i s  the concen t ra t ion  of the ch romium 
subst i tu ted  for  n ickel .  The n ickel  v a c a n c i e s  will  be in-  
c r eased  and e l ec t ron  holes wil l  be dep re s sed  in  com-  
pa r i son  to the undoped c r y s t a l )  ~  Since oxygen va-  
cancies  a r e  coupled with n icke l  vacanc ies  through the 
Schottky product  (Eq. [8]), the oxygen vacanc i e s  wil l  
t he re fo re  be dep re s sed  due to the i n c r e a s e  of n ickel  
vacanc ie s .  If su l fur  m i g r a t e s  v ia  oxygen vacanc ies ,  
the diffusivi ty of su l fur  in the doped c rys t a l  should 
d e c r e a s e  as compared  to that in the undoped c rys t a l .  
The expe r imen ta l  r e s u l t s  indicated a d e c r e a s e  in dif-  
fus ivi ty  of about an o rder  of magni tude for the Cr-  
doped c r y s t a l  (Table  II). The oxygen vacancy  mecha -  
n i s m  was the re fo re  i n f e r r ed  to be the mos t  probable .  

F r o m  a p r a c t i c a l  point of view, su l fur  diffusion is  
suff ic ient ly  rap id  in an oxide to account  for  the t r a n s -  
port  to the under ly ing  meta l .  The diffusivi ty of su l fur  
in  nickel  ~2 is  o r d e r s  of magni tude m o r e  rapid  than in 
the oxide, F u r t h e r m o r e ,  the so lubi l i ty  of su l fu r  in 
n ickel  shows r e t r o g r a d e  solubi l i ty .  ~ These  facts,  
coupted with the poss ib i l i ty  of fo rming  low mel t ing  
sulf ides  in a meta l ,  make the coating on an engine pa r t  
n e c e s s a r y .  

SUMMARY 

The diffusion of su l fur  in s ingle  and po lyc rys t a l l i ne  
NiO has been studied between 820~ to 1200~ Sulfur 
diffuses m o r e  rap id ly  than the host  anion and l e s s  
rap id ly  than the host  cation.  D e c r e a s i n g  oxygen p a r t i a l  
p r e s s u r e  over  NiO i nc r e a se d  the diffusion r a t e .  This  
r e s u l t  ind ica tes  that su l fur  m i g r a t e s  v ia  oxygen va-  
cancies ,  The lower diffusivi ty of su l fur  in Cr-doped 
c r y s t a l s  is  cons is ten t  with the proposed m e c h a n i s m .  
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