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ABSTRACT 

Measurements o f  sur face segregat ion have been c a r r i e d  o u t  on two 
austeni  t i c  s t a i n l e s s  s tee l s :  Fe-21 Cr-6Ni-9Mn and JBK-75. H igh l y  po l i shed  
p o l y c r y s t a l l i n e  samples o f  each ma te r ia l  have been heated i n - s i t u  i n  an 
u l t r a - h i g h  vacuum system t o  temperatures ranging from 400' t o  80!I0C and 
examined a t  temperature us ing  scanning Auger snectroscopy. The r e s u l t s  f o r  
21-6-9 show t h a t  segregat ion i s  s t r o n g l y  heterogeneous w i t h  i s o l a t e d  regions 
enr iched i n  e i t h e r  n i t roaen,  s u l f u r  o r  t i n .  Above approximately 700°C the  
sur face composit ion becomes s t r o n g l y  enhanced i n  both n i  t roqen and boron. For 
JBK-75 t h e  sur face i s  seen t o  be enr iched i n  bo th  t i t a n i u m  and n i c k e l .  
Cosegregation e f f e c t s  and the  r e l a t i o n s h i p  between sur face and bu l  k composit ion 
r e s u l t i n g  from exposure t o  e levated temperature are  presented. 
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Impur i ty  segregation i n  a l l o y s  has, over the  past few years, come t o  

be acknowledged as a major con t ro l  1 i n g  f a c t o r  i n  the behavior o f  ma te r ia l s  i n  

a v a r i e t y  o f  appl i c a t i o n s  [I-71. I n  general , t h i s  phenomenon has been associated 

w i t h  a degradation i n  ma te r ia l  p roper t i es  as i s  observed, f o r  example, i n  

temper embri t t lement, hydrogen e m b r i t t l  ement , and s t ress  co r ros ion  cracking t o  

name but  a few. Segregation can also s t r o n g l y  a f f e c t  surface p roper t i es  

important  t o  areas such as c a t a l y s i s ,  permeation, and t r i b o l  ogy. 

I n t e r a c t i o n  between i m p u r i t i e s  can s t rong ly  modify t h e i r  segregation 

t o  g r a i n  boundaries. I n  t h i s  paper r e s u l t s  o f  surface segregation on two 

austeni t i c  s t a i n l e s s  steel  s, 21Cr-6Ni-9Mn (21-6-9) and JBK-75 measured using 

scanning Auger spectroscopy are  presented which d i r e c t l y  show t h e  nature o f  

t h e  i n t e r a c t i o n  between var ious i m p u r i t i e s  du r ing  segregation. These r e s u l t s  

a1 so show t h a t  such measurements c a r r i e d  out w i t h  conventional Auger apparatus 

( e l e c t r o n  beam diameter = 0.2 mm) can be misleading. 

EXPERIMENT 

A1 1 measurements were c a r r i e d  out \ i n  an u l  t ra -h igh  vacuum (UHV) system 

w i t h  a base pressure o f  1 x 10-10 t o r r  (1.3 x 10-8 Pa) using a Physical 

E l  ec t ron ics  model 545 scanning Auger system (nominal beam d i  ameter w3 

microns). Specimens of 21-6-9 and JBK-75 were machined i n t o  1 mn t h i c k  d i scs  

approximately 6 mn i n  diameter and mounted onto standard Varian heater assem- 

b l i e s .  The composition o f  bo th  21-6-9 and JBK-75 i s  shown i n  Table I. 

After  sputter-cleaning, specimens were heated f o r  per iods up t o  approxi- 

mately  one hour. Surface compositions were monitored a t  temperature. A l l  

Auger spectra were taken i n  the  d e r i v a t i v e  mode w i t h  modulat ion amplitudes 

l e s s  than o r  equal t o  2 v o l t s  peak-to-peak i n  order t o  minimize spectra l  

d i  s t o r t i o n .  



RESULTS 

I. 21-6-9 

Overall , the  dominant surface-acti  ve species observed segregati ng 

a t  e l  evated temperatures were s u l f u r  and nitrogen. Nitrogen i s  in ten t iona l  l y  

added t o  the a l l oy  as a s o l i d  so lu t ion  strengthener whereas su l f u r  ex is ts  

merely as a tramp impurity. An example of t h i s  segregation i s  shown i n  Figure 1 

which i 11 ustrates t yp i ca l  surface condit ions resu l t i ng  from heating t o  500 C 

f o r  1 hour. Figures la ,  lb ,  and l c  show --- A g e r  _ maps f o r  su l fur ,  n i t rogen and 

t i n  respect ively,  each taken f o r  the same surface region. Figure I d  i l l u s t r a t e s  

schematically an overlay o f  these three maps and serves t o  i l l u s t r a t e  both the 

heterogeneity o f  the segregation as wel l  as the lack o f  co-segregation o f  

these species. 

This lack of co-segregation i s  f u r t he r  shown i n  Figures 2a, 2b, and 2c 

which give the f u l l  Auger spectra f o r  each of the three regions i n  Figure 1. 

I n  each case the composition of the segregated layer  i s  dominated by a s ing le  

species: e i t he r  nitrogen, su l fu r ,  o r  t i n .  The spectrum shown i n  Figure 2d i s  

charac te r i s t i c  o f  the clean surface and was taken a f t e r  prolonged 1 keV argon 

sputtering. Whereas these spectra show the  repuls ive nature o f  the in te rac t ion  

between nitrogen, su l fur ,  and t i n  they also, i n  each case, i l l u s t r a t e  co- 

segregation e f fec ts  invo lv ing other el ements. For example, i n the ni t rogen 

r i c h  reg ion there i s  an enhancement i n  the chromium signal,  i n  the su l f u r  r i c h  

region there i s  an enhancement i n  the manganese signal and i n  the t i n  r i c h  

region there i s  a s l  i g h t  enhancement i n  the nickel  signal . 
Af te r  sput ter ing and subsequent heating, the  pa t te rn  o f  surface enrichment 

i s  always the same f o r  a given surface region. This i s  interpreted,  i n  the 

case o f  su l fu r ,  as being due t o  the existence o f  near-surface manganese 

s u l f i d e  prec ip i ta tes .  It was found t h a t  the emergence o f  sulfur-enriched 



i s lands upon heating could be prevented by exposing a f resh ly  sputtered 

surface t o  oxygen a t  approximately 100 C. This procedure i s  il lus t r a ted  i n  

Figure 3. A f te r  repeated heating-sputter cycles (Figure 3a-3c) the surface i s  

oxid ized and re-sputtered so t h a t  no oxygen i s  observed on the surface but 

does presumably remain i n  the g ra in  boundary regions (Figure 3d and 3e). The 

oxygen i n  the g ra in  boundary cannot be detected since the boundary width, 

t y p i c a l l y  - < 20 angstroms, i s  vas t l y  smaller than the s ize o f  the Auger e lec t ron 

beam. When t h i s  sample i s  again heated, areas which previously showed s u l f u r  

is lands no longer occur (Figure 3 f ) .  Figures 4a and 4b show s u l f u r  maps 

observed dur ing the  f i r s t  and n i n th  heating cycles (between heating cycles the 

surface was sputter-cleaned). Note t ha t  even a f t e r  nine cycles the same 

regions appear enriched i n  sulfur.  Figure 4c shows the surface composition 

observed a f t e r  heating subsequent t o  oxygen exposure and sputter-cleaning. 

The regions previously enriched j n  s u l f u r  no longer appear, so t ha t  the g ra in  

boundary oxides have e f f ec t i ve l y  blocked di f fus ion.  Even a f t e r  extensive 

sput ter ing (removal of > 1000 1) and subsequent heating, t he  observed 

surface enrichment (Figure 4d) does not  r e t u rn  t o  i t s  i n i t i a l  conf igurat ion.  

I n  contrast  t o  21-6-9, JBK-75 i s  a p rec i p i t a t e  strengthened s ta in less  
. .. 

s teel  which gains i t s  st rength due t o  the formation o f  various t i t an ium 
r I 

prec ip i ta tes  upon aging a t  elevated temperature, t y p i c a l l y  i n  the range o f  625 

t o  725 C. The u l t ima te  strength i s  determined by both the aging temperature 
. .  . 

and time. 
: L 

Figures 5a and 5b show respec t i ve ly  t he  Auger spectra f o r  a sputter-cleaned 

surface and f o r  the same surface a f t e r  heating t o  720 C f o r  approximately 4 



hours. For these condi t ions the mater ia l  has not y e t  reached peak strength. 

The segregated surface l aye r  contains a va r i e t y  o f  elements not present on the 

clean surface, namely phosphorus, sul fur ,  and oxygen. I n  add i t ion there i s  a 

strong enhancement i n  both the t i tan ium and carbon signals. 

Figure 6 shows the Auger maps f o r  sulfur, t i t an i um and carbon. A 

/ comparison o f  Figures 6c and 6d i l l u s t r a t e s  t ha t  t i t an ium and carbon show the  

same surface enrichment pat tern  ind ica t ing  t h e i r  tendency f o r  co-segregation: - - -- 

no such cor re la t ions  could be made f o r  any of the other segregating species. 

CONCLUSIONS 

These resu l t s  show t h a t  through a study of surface enrichment produced 

by high temperature treatment one i s  able both t o  i d e n t i f y  surface ac t i ve  

const i tuents and t o  determine q u a l i t a t i v e l y  the  nature o f  the i n te rac t i on  

between the segregating species. A summary i s  presented i n  Table 11. 

I n  addit ion, since the observed surface enrichment i s  s t rong ly  hetero- 

geneous, measurements o f  surface composition need t o  be made w i t h  probe beam 

diameters t ha t  are small compared t o  the dimensions associated w i t h  va r ia t ions  

i n  composition. As a general r u l e  i n  order t o  avoid misleading resu l ts ,  the 

inc ident  e lec t ron beam should be kept ma1 l e r  than the g ra in  size. 

J I n  general these resu l t s  show qu i te  simply t h a t  elements which read i l y  

- form na tu ra l l y  occurr ing compounds are observed t o  co-segregate. As a f i r s t  
--.-2- 

approximation one would expect t ha t  t h i s  would not be the case f o r  species 

which i n te rac t  repuls ively.  Unfortunately t h i  s does not s t r i c t l y  ho ld  t r u e  

f o r  a1 1 cases, so t ha t  the strength o f  the r e l a t i v e  in teract ions ( i  .e. heats 

o f  forniation) i s  important. A more complete analysis of t h i s  data w i t h i n  the 

frame work o f  the Guttman-McLean segregation theory [8] i s  now underway. 



Figure Captions 

Figure 1: Scanning Auger maps f o r  a) n i t rogen b) su l f u r  and c)  t i n  f o r  
the same surface region a f t e r  heating t o  500°C f o r  1 hour. A 
composite o f  these maps i s  shown schematical l y  i n  d). 

Figure 2: Auger spectra f o r  the three regions i n  Figure 1: a) n i t rogen r i c h  
region b)  su l f u r  r i c h  region c)  t i n  r i c h  region. The charac te r i s t i c  
Auger spectrum f o r  a sputter-cleaned surface i s  shown i n  d) f o r  
comparison. 

Figure 3: Sequence of sputter-heating cycles i s  shown i n  a) through c)  where 
surface enrichment i n  su l f u r  always occurs a t  the same posi t ion.  
Figures d) through f ) .  show ox idat ion and subsequent heati  ng o f  
surface. See t e x t  f o r  de ta i l s .  

F igure 4: Experimental resu l t s  f o r  measurement sequence depicted i n  Figure 3. 
Figures a) and b) are su l f u r  Auger maps f o r  the f i r s t  and n in th  
heating cycles respect ively.  Figure c)  i s  su l fu r  map a f t e r  
intermediate oxidat ion:  note absence o f  previously s u l f u r  r i c h  
regions. Sul fur  map a f t e r  extended sput ter ing i s  shown i n  Figure 
d)  

Figure 5: Auger spectra f o r  a) sputter-cleaned JBK-75 and b) f o r  JBK-75 heated 
t o  720 C f o r  248 min. 

Figure 6: Auger maps f o r  b) su l fur ,  c )  t i t an ium and d) carbon a f t e r  720 C heat 
treatment. Figure a) i s  an SEM o f  the surface region associated 
w i th  the Auger maps. 
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TABLE I 

NOMINAL COMPOSITION (AT.%) 

TABLE I 1  

IMPURITY INTERACTION PROPERTIES 

R e p u l s i v e  A t t r a c t i v e  

Sn-S Sn-Ni 
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