
Chapter 6 
Conclusions

M u lti-c o m p o n e n t w h ite  cast iron s c o n ta in in g  stro n g  carb id e  
fo rm in g  e le m e n ts  su ch  as Cr, M o  and V  and w ith  ch e m ica l c o m p o s it io n  o f  
F e -5 % C r -5 % M o -l~ 3 % V -0 .5 ~ 1 .5 % C , w h ere  th e sp e c ia l carb id es o f  M C  
and M 2C ty p e s  c o e x is t , are d e s ig n e d  a im in g  at th e  m a ter ia ls  for c o ld  w ork  
ro ll b e c a u se  o f  g o o d  rep u tation  o f  m u lti-c o m p o n e n t w h ite  ca st iron  ro lls  
d e v e lo p e d  for h o t w o rk in g  m ill. T h e ca st iron  sp e c im e n s  w er e  h ard en ed  
and tem p ered  a fter a n n ea lin g , and th e e ffe c ts  o f  h ea t treatm en t co n d itio n  
and c h e m ic a l c o m p o s it io n  o n  th e h ard n ess and  th e  v o lu m e  fra ctio n  o f  
reta in ed  au sten ite  are clarified .

T h e co n c lu s io n s  ob ta in ed  are as fo llo w s  :

In as-hardened state

(1 ) In th e c a se  o f  1 27 3  K  a u sten itiza tio n , th e  h ard n ess o f  0.5% and  
1.0%c ca st iron s d ec r e a se s  and that o f  1.5%c ca st iron  se tt le s  
d o w n  to  a p p rox im ate ly  a con stan t v a lu e , as V  con ten t in crea ses.

(2 ) In th e  c a se  o f  1373  K  a u sten itiza tio n , th e h ard n ess o f  0.5%c cast  
iron  d ec r e a se s  and that o f  1.0%c ca st iron  sh o w s  n ea r ly  a sa m e  
v a lu e  and it r ises  c o n v e r se ly  in  1.5%c ca st iron , as V  con ten t  
in crea ses.

(3 ) V o lu m e fra ctio n  o f  re ta in ed  a u sten ite  (V y ) d ec r e a se s  reg a rd less  o f  
c  co n ten t and a u sten itiz in g  tem p eratu re, as V  co n ten t in c r ea se s  and  
at th e  sa m e  V  co n ten t, th e h ig h er  th e  c  co n ten t and  a u sten itiz in g  
tem perature, the m ore V y  in crea ses.
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In tempered state

(1 ) C u rve o f  tem p ered  h ard n ess in  each  sp e c im e n  sh o w s  th e seco n d a ry  
h ard en in g  at certa in  ran ge o f  tem p er in g  tem p erature d ue to  b oth  the  
p rec ip ita tio n  o f  hard sp ec ia l carb id es from  m a rten site  d urin g  
tem p er in g  and the m arten site  tra n sform a tion  o f  d esta b iliz ed  
a u sten ite  d urin g  c o o lin g  a fter tem p er in g , and th e m a x im u m  
tem p ered  h ard n ess (Himax) is  o b ta in ed  from  the cu rve  o f  each  
sp ec im en .

(2 ) M icro -h a rd n ess  or the h ard n ess o f  th e tem p ered  m atr ix  sh o w s  v ery  
sim ila r  b eh av ior  to  the m acro-h ard n ess in  every  sp ec im en .

(3 )  H a rd n ess o f  tem p ered  sp ec im e n  v a r ies  d ep en d in g  on  ch em ica l  
c o m p o s it io n , th e m o re  the c  co n ten t and th e lo w e r  th e V  c o n ten t at 
the sa m e c  lev e l, the h igh er the h ardness.

(4 ) M a x im u m  v a lu e  o f  H Tmax is  o b ta in ed  w h en  th e  sp ec im e n  co n ta in s  
around  30%  V y  in  as-h ard en ed  sta te  reg a rd less  o f  a u sten itiz in g  
tem perature.

(5 ) T h e  w id e  ran ge o f  V y  lik e  10%  ~  50%  is p erm itted  in  a s-h ard en ed  
state to  fu lf il l  th e  requ ired  h ard n ess for th e c o ld  w o rk  ro ll i f  the  
sam e tem p erin g  co n d itio n  as th is exp erim en t is u sed .

(6 ) T h e h ig h e s t  v a lu e  o f  Himax is  o b ta in ed  w h e n  th e Cbai is  0 .4 8 %  in  
1273 K  and 0 .1 6 %  in  1373 K  a u sten itiz in g .

(7 ) T he H im ax  v a lu e s  o f  sp ec im e n s  h ard en ed  from  1 3 7 3  K  are h ig h er  
than th o se  h a rd en ed  from  1273  K  w h en  Cbai o f  sp e c im e n  is le s s  than  
about 0 .3% , and th ey  are reversed  after Cbai g ets  over  it.

(8 ) T em p erin g  tem p eratu re to  obta in  the Himax (THTmax) is h ig h er  in  
1373 K  a u sten it iz in g  than that in  1 273  K  a u sten itiz in g , and T HTmax 
are a lm o st sa m e in 0.5%c and 1.0%c ca st iron s, but th ey  d ecrea se  
in 1.5%c ca st iron, w h en  V  con ten t in crea ses.

( 9 )  In other w o rd s , T HTmax can  b e  re la ted  to  th e Cbai and th ey  are
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con sta n t u n til the cr itica l v a lu e s  o f  Cbai, 0.13% in  ca st irons  
h arden ed  from  1273 K and -0.10% in  ca st iro n s h ard en ed  from  
1373 K. A fter  the Cbai in crea se s  o v er  ea ch  cr itica l v a lu e , th e THTmax 
r ises in  proportion  to the in crea se  o f  Cbai-

(1 0 )  T h e tem p er in g  tem perature at w h ic h  th e  V y  is red u ced  le s s  than  
2%  can  b e e x p ressed  b y  the fo l lo w in g  e q u a tio n s  as a fu n ctio n  o f  
Cbai,

A t 1273  K  a u sten itiz in g ,
T2%y (K) = 776 + 121 X %Cbai 

A t 1373  K a u sten itiz in g ,
T2%y (K) = 822 + 198 X %Cbai

(1 1 ) F rom  S E M  o b serv a tio n  o f  m atrix  stru cture at h ig h  m a g n if ic a tio n s ,  
it is  fou n d  that se c o n d a r ily  p rec ip ita ted  carb id es in  th e sp e c im e n s  
w h ic h  sh o w  the m a x im u m  tem p ered  h a rd n ess are m o st in  the  
am ou nt and fin est in  s ize .
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