
Chapter 1 
Introduction

1.1 Background

For la st h a l f  a centu ry  past, m a ter ia ls  o f  h ot w o rk  r o lls  in  the stee l 
in d u stry  c h a n g e d  from  lo w -a llo y e d  c h ille d  w h ite  iron  th rou gh  ad am ite  or 
h y p er -e u te c to id  N i-C r  stee l and N i-h a rd  ca st iron  to  h ig h  ch ro m iu m  cast  
iron . T h e  h ig h  ch rom iu m  cast iron, w h ic h  w a s  d e v e lo p e d  in  the  
n in e te e n -se v e n t ie s , is  ev e n  n o w  u sed  n o t o n ly  for  h o t w o r k in g  m ill  ro lls  
but a lso  for  p u lv e r iz in g  m ill ro lls  in th e m in in g  and  c e m e n t in d u str ies  
b e c a u se  o f  its h ig h  w ea r  and h eat res is ta n ce . A c c o r d in g  to  th e  d em an d s in  
u p g rad in g  th e  p ro d u ctiv ity  and the q u a lity  o f  p ro d u cts , th e ro ll m ateria ls  
are b e in g  c o m p e lle d  to  sh ift  to  a n ew  ty p e  o f  m ateria l w ith  m u ch  m ore  
p erfo rm an ce . T h e  m u lti-a llo y e d  w h ite  ca st iron  or m u lti-c o m p o n e n t w h ite  
ca st iron  is a n e w  ty p e  o f  a llo y  w h ich  co n ta in s  p lu ra l k in d s  o f  stron g  
carb id e  fo rm in g  e le m e n ts  su ch  as ch ro m iu m  (C r), v a n a d iu m  (V ), 
m o ly b d e n u m  (M o ), tu n g sten  ( พ )  and resu lta n tly , p lu ra l k in d s o f  their  
sp e c ia l ca rb id es w ith  h ig h  h ard n ess and stro n g  m atr ix  w ith  seco n d a r ily  
p rec ip ita ted  carb id es. T h is iron  w a s  d e v e lo p e d  around  15 y ears ago  in  
Japan and h as b een  tried  to  a p p ly  to  the w o rk  ro ll o f  h ot f in ish in g  stands  
for  the p a st 10 years. N o w a d a y s , a large p o rtio n  o f  th e w o rk  ro lls  in  hot 
r o llin g  m ills  is  r ep la ced  from  h ig h  ch ro m iu m  and N i-h a rd  w h ite  ca st iron  
ro lls . It is  w orth y  o f  n ote  that th e trial ro lls  w er e  serv ed  r e ce n tly  to  the  
m in era l p u lv e r iz in g  m ill ro lls . T h e n ew  r o lls  m a d e  o f  m u lt i-a llo y e d  w h ite  
ca st iron  h a v e  b ee n  sh o w in g  h ig h  q u a lity  and lo n g  s e r v ic e  l ife  in  the hot 
ro llin g . T h ere is th e research  to  com p are  th e w ea r  r e s is ta n ce  o f  th ree k in d s  
o f  h o t w o rk  ro lls , N i-h ard  ca st iron , h ig h  ch ro m iu m  ca st iron  and  
m u lti-a llo y e d  w h ite  cast iron^. T he resu lts  sh o w  o b v io u s ly  that
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m u lti-a llo y e d  w h ite  ca st iron has h ig h e st w ea r  re s is ta n c e  than  N i-h a rd  cast  
iron  and h ig h  ch rom iu m  ca st iron, and it is  c o n v in c e d  that n e w ly  d e v e lo p e d  
m u lti-a llo y e d  w h ite  ca st iron  w ill  fin d  m u ch  w id e r  a p p lica tio n s  in the fie ld  
o f  abrasion  w ea r  resistan t m aterials.

M u lti-a llo y e d  w h ite  ca st iron  ro lls  h a v e  b een  m o stly  u sed  in Japan  
b e c a u se  a n e w  roll m a k in g  p ro c ess  c a lled  C PC  p ro c ess  that is p articu larly  
su ita b le  to  m a k e  a ro ll c o n ta in in g  m an y  k in d s o f  carb id e fo rm in g  e lem en ts  
w a s  o r ig in a lly  d e v e lo p e d  in  Japan2). In se v er a l cou n tr ie s , h o w ev er , the  
in tro d u ctio n  o f  m u lt i-a llo y e d  r o lls  w h ic h  w er e  m a d e  u s in g  a cen tr ifu g a l 
c a s tin g  p ro c ess  (C F ) is grad u a lly  in crea s in g  b e c a u se  o f  th e g o o d  rep u tation  
o f  C PC  ro lls . E sp ec ia lly , in  N ip p o n  S te e l C orp o ratio n , th e  se r v ic e  l ife  o f  
r o lls  c o u ld  b e  e x ten d ed  3 to  5 t im e s  m o re  th an  that o f  th e c o n v en tio n a l 
ro lls  m a d e b y  N i-h a rd  and h ig h  ch rom iu m  w h ite  cast iron.

W h en  su ch  a h ig h  p erfo rm a n ce  m u lt i-a llo y e d  w h ite  ca st iron  ro ll is  
co n sid ered , it is  a m utter o f  co u rse  that ro ll m a k ers as w e ll  as r o llin g  m ill 
sh o p s  e x p e c t  to  a p p ly  the m u lt i-a llo y e d  w h ite  ca st iron  for th e m ateria l o f  
w o rk  r o lls  o f  c o ld  r o llin g  m ill  that sh o u ld  h a v e  d ifferen t ch a ra cter istics  
from  the h ot w ork  rolls.

R e c a llin g  the m a in  p ro p erties  w h ic h  th e  c o ld  w o rk  ro ll sh o u ld  h av e , 
th e fo llo w in g  ch aracteristics are listed .

(1 ) h ig h  h ardn ess m ore than 8 0 0  H V  fo r  g o o d  w ea r  resistan ce.
(2) m a in ten a n ce  o f  r ea so n a b le  d eg ree  o f  su rfa ce  ro u g h n ess  to  

p rotect th e s lip p in g  b e tw een  roll and  sh eet.
(3 ) m in u te  and h o m o g e n e o u s  m icro stru ctu re  for stren gth  and  

to u g h n ess.
In ca se  o f  m u lt i-a llo y e d  w h ite  ca st iron  ro ll, 15 to  25  v o lu m e  

p ercen t o f  e u tec tic  carb id e  su ch  as M C , M 2C and  M7C3 e x is t  in  the m atrix3), 
and th ey  are so m e tim e s  large m a sse d  or seg reg a ted . I f  th is  m u lti-a llo y ed  
w h ite  ca st iron  is m a d e to  a p p ly  fo r  th e c o ld  w o rk  ro ll d irectly , th e p rin tin g  
m a y  take p la c e  on  th e ro lled  sh eet. To p rev en t th e sh ee t from  p rin tin g ,
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th erefo re , n ew  a llo y  d es ig n  m u st be co n sid e r ed  to red u ce  the am ou n t and  
the s iz e  o f  carb id es and to u n iform  their d istribution .

To sa tis fy  th e ch a ra c ter is tics  o f  c o ld  w ork  roll m en tio n ed  p rev io u s ly , 
h eat treatm en t o f  the roll is  very  im portan t ev e n  i f  the m u lti-c o m p o n e n t  
w h ite  cast iron w ith  e x p e c ted  m icrostru ctu re is ob ta in ed  due to  the su c c e ss  
o f  a llo y  d es ig n in g . T h e  h eat treatm en t o f  th e ca st iron  can  con tro l the  
m atrix  structure and w ill  im p ro v e  the m e ch a n ica l p ro p erties. T he  
fu n d am en ta l and sy ste m a tic  resea rch es  on  h eat treatm en t b eh a v io r  o f  
m u lti-a llo y e d  w h ite  ca st iron  can  be fo u n d  in  sev era l p apers. W ith  resp ec t  
to  the m u lti-c o m p o n e n t w h ite  cast iron  for th e co ld  w ork  ro ll, h o w ev er , 
n eith er  a llo y  d e s ig n in g  nor h eat treatm en t h as n ot b een  rep orted  at all. 
F rom  th e v ie w p o in ts  m en tio n ed  a b o v e , th e research  on  the h ea t treatm en t  
b eh a v io r  o f  cast iron s d es ig n e d  b y  fo c u s in g  on  th e m a teria ls  for c o ld  w ork  
roll h as b een  p ro p o sed  in th is th esis .

1.2 Objective of Research

S tud y  o n  h ea t treatm en t b eh a v io r  o f  m u lti-c o m p o n e n t w h ite  cast  
irons to  d ev e lo p  the n ew  typ e rolls for co ld  w o rk in g  m ill.

1.3 Scopes of Research

(1 )  To c la r ify  the h eat treatm en t b eh a v io r  o f  m u lti-c o m p o n e n t w h ite  
cast iron s o f  w h ic h  a llo y in g  e le m e n ts  are var ied  in the  
in terestin g  range.

(2 ) To m easu re  th e h ard n ess o f  ca st irons and v o lu m e  fraction  o f  
reta in ed  a u sten ite  in  order to  co m p a re  th em  w ith  h eat treatm en t 
con d ition .

(3 ) To m easu re  the a llo y  co n cen tra tio n  o f  v ar iou s p h a ses  
p recip ita ted  in the cast irons.
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(4 ) To in v e s tig a te  th e  ch a n g e  in m icro stru ctu re  o f  h eat-trea ted  
sp e c im e n s  b y  m ean s o f  o p tica l m ic r o sc o p e  and sca n n in g  
e lectro n  m icr o sc o p e  (S E M ) to co n firm  the exp erim en ta l results.

1.4 Advantages of Research

(1 ) To o b ta in  th e  data co n cern in g  th e m o st im portan t h ea t treatm en t 
b eh a v io r  o f  m u lti-c o m p o n e n t w h ite  ca st iron s w h ich  con ta in  the  
w id e  ran g e  ch e m ica l c o m p o s it io n  and to  b e  ab le  to  ev a lu a te  th e  
p rop erties from  th e v ie w p o in ts  o f  a p p lica tio n  for co ld  w ork  roll.

(2 ) To b e  a b le  to  u se  the o b ta in ed  data as th e  re fe re n ce  for the  
resea rch es  su ch  as w ear, s tren g th en ed  to u g h n e ss  te sts  in  order to  
fin d  the su ita b le  h eat treatm en t c o n d itio n  to  e n d o w  the  
e x p e c tin g  p roperties o f  co ld  w ork  roll.

(3 ) O n  th e b a s is  o f  th e se  data, th e p ra ctica l h ea t treatm en t p ro cess  
o f  m u lti-c o m p o n e n t w h ite  ca st iron s w il l  b e e x a m in ed  in  the  
c o n v e n tio n a l ro ll sc a le , and th erefo re , th e d e v e lo p m e n t o f  th ese  
ca st irons for p ractica l rolls w ill  a d v an ce  m ore and m ore.
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