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I t  was  found tha t  t h e r m a l  cycl ing of  monoc rys t a l l i ne  b ismuth  in a r e g i m e  of ( 7 7 ~  373~ 
to the appea rance  of a ne twork o f  s y s t e m  {110} t h e r m a l  twins in the su r face  layer  of the spec i -  
mens ,  accompan ied  by a d e c r e a s e  in m i c r o h a r d n e s s  a t  low loading. 

In the ma jo r i ty  of s tudies  on the p r inc ip les  of p las t ic  deformat ion ,  mechan ica l  twinning is cons idered  to 
be an unfavorable  phenomenon,  to which br i t t le  f r a c t u r e  of c rys ta l l ine  bodies is r e la ted  [1-3]. However ,  data 
ex i s t  [4-6] which p e r m i t  the a s sumpt ion  that  the p las t ic i ty  of m a t e r i a l s  can be inc reased  signif icantly by using 
de fo rma t ion  by twinning. In the p re sen t  study it will be shown that t h e r m a l  cycling of monocrys ta l l ine  b ismuth  
can produce  a reduct ion  in ha rdness  in the zone in which a network of t h e r m a l  twins is fo rmed .  

The objects  studied were  monocrys ta l l ine  spec imens  of b i smuth  which were  de fo rmed  essen t ia l ly  by 
twinning. The su r face  l aye r s  of the spec imens  were  subjected to repea ted  t h e r m a l  s t r e s s  produced by cycling 
over  the t e m p e r a t u r e  range  (77-373)~ The mean  ra te  of t e m p e r a t u r e  change was 20 deg / s ec  with m a x i m u m  
ra te  of 50 d e g / s e c .  One heat ing-cool ing cycle  r equ i red  40 sec .  Cycling was in te r rupted  for meta l lu rg ica l  t e s t -  
ing of the s t ruc tu re  and m e a s u r e m e n t  of m i c r o h a r d n e s s  in the (111) plane. No phase t rans i t ions  were  observed  
in the b i smuth  over  this  t e m p e r a t u r e  range .  

After  20-30 cyc les  the f i r s t  signs of plas t ic  de fo rmat ion  due to twinning became  vis ible .  In isolated r e -  
gions of the (111) plane g roups  of sma l l  twins appeared ,  s o m e t i m e s  forming c h a r a c t e r i s t i c  pa t t e rns  (Fig. la ) .  
With subsequent  cycl ing the p rev ious ly  fo rmed twins grew in s ize and new ones appeared .  After  150-200 cycles  
the en t i re  (111} sur face  was coated by a un i form network  of fine s y s t e m s  {110} twins (Fig. lb) .  The th ickness  
of the individual twins was 2-5 pm with lengths o f 30-40 ~m. The total  a r e a  occupied by the twins compr i sed  
15-20% of the (111) plane. Twins belonging to di f ferent  c rys t a l log raph ic  planes in te r sec ted  with no secondary  
twinning or f r ac tu re .  

Study of the s t ruc tu re  of the c leavage  plane within t he  volume of the c r y s t a l  r evea led  that  in t h e r m a l  cycl -  
ing twins develop only in a su r face  l ayer ,  the th ickness  of which does not exceed the l inear  d imensions  of the 
individual twins.  This  is a l so  indicated by the change in m i c r o h a r d n e s s  of the sur face  layer  during t h e r m a l  
cycling.  For  sma l l  loads of 5-10 gf, where  the indentor penet ra t ion  d oes not exceed 10-15 ~m, the m i c r o h a r d -  
hess  d e c r e a s e s  upon appea rance  of the twins by a factor  of a l m o s t  two. The m i c r o h a r d n e s s  at  an indentor load- 
ing of 30=40 gf r e m a i n s  p rac t i ca l ly  unchanged. The reduct ion in su r face  l ayer  m i c r o h a r d n e s s  at smal l  loads 
can be explained by sl ip in the twins produced during t h e r m a l  cycling.  

Fig. 1. Twins on (111) plane a f t e r  30 cyc les  (a) and c ry s t a l  
s t ruc tu re  a f t e r  200 cyc les  (b); • 
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