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(55)  Heat  treatment  of  steel  elements  in  f  luidized  beds. 
©  In  the  heat  treatment  of  steel  wires  (W)  in  a  patenting 
operation,  the  wires  from  an  austenitizing  furnace  (1  )  are  first 
quenched  in  a  fluidized  bed  (Q).  This  bed  (Q)  is  fluidized  by 
hot  gases  from  the  furnace  (1)  and  is  also  provided  with  a 
cooling  system  (28).  The  wires  are  then  passed  into  a  second 
fluidized  bed  (TR-S)  where  transformation  takes  place.  This 
bed  is  fluidized  by  an  independent  source  of  hot  gas  (21  )  and 
is  divided  into  regions  (13)  along  its  length  which  have 
independently  controllable  auxiliary  heaters  (14).  The  tem- 
peratures  in  the  zone  (Q)  and  the  region  (13)  along  zone 
(TR-S)  are  controlled  to  give  a  fine  pearlite  microstructure  in 
the  wire. 
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The  p re sen t   i n v e n t i o n   r e l a t e s   to  the  heat  t r e a tmen t   of  s t e e l  

in  f l u i d i z e d   beds,  and  p a r t i c u l a r l y   but  not  e x c l u s i v e l y   t o  

the  quenching  and  subsequen t   i so thermal   t r a n s f o r m a t i o n   o f  

wires  in  a  p a t e n t i n g   o p e r a t i o n .  

P a t e n t i n g   involves   h e a t i n g   carbon  s teel   wires  into  the  a u s -  

t e n i t i c   phase,  g e n e r a l l y   above  800°C,  and  then  quenching  t h e  

wires  to  a  chosen  t e m p e r a t u r e   at  which  the  wires  are  h e l d  

for  a  s u f f i c i e n t   per iod  for  g e n e r a l l y   i so thermal   d e c o m p o s i -  

t ion   of  the  a u s t e n i t e   to  be  completed.   The  t e m p e r a t u r e   i s  

u s u a l l y   in  the  region  of  550°C,  with  the  i n t e n t i o n   b e i n g  

g e n e r a l l y   to  p rov ide   a  f ine  p e a r l i t i c   s t r u c t u r e .   The  w i r e s  

wil l   s u b s e q u e n t l y   be  d r awn .  

In  genera l   the  wires  wil l   be  of  a  plain  or  a l loyed  s tee l   w i t h  

a  carbon  con ten t   of  from  about  0.1%  to  more  than  1%  and  p r e -  

f e r a b l y   in  the  range  of  about  0.25%  to  1.25%.  The  wires  may 

be  of  any  c r o s s - s e c t i o n ,   e .g .   square  or  r e c t a n g u l a r ,   but  a r e  

p r e f e r a b l y   common  wires  with  a  c i r c u l a r   c r o s s - s e c t i o n   whose 

area  p r e f e r a b l y   exceeds  0.15  mm.  The  term  "wire"  is  i n -  

tended  to  extend  to  e .g .   rods,  s t r i p s   and  other   e l o n g a t e  

members.  

In  a  c o n v e n t i o n a l   p a t e n t i n g   opera t ion   the  quenching  and 

t r a n s f o r m a t i o n   s teps   are  c a r r i e d   out  in  a  bath  of  molten  l e a d  

held  at  a  c o n s t a n t   t e m p e r a t u r e .   Although  th is   provides   good 

r e s u l t s   in  view  of  the  heat  absorbing   capac i ty   of  the  m o l t e n  

lead,   which  gives  r i se   to  rapid  cool ing ,   there   are  p r o b l e m s .  

Apart  from  the  env i ronmen ta l   and  safe ty   problems  of  work ing  

with  molten  lead,   the re   can  be  lead  drag  out  and  su r face   de -  

f ec t s   caused  by  lead  c o n t a m i n a t i o n .  



It  has  been  proposed  to  r ep l ace   the  lead  bath  by  forced  gas  

or  a i r   c o o l i n g ,   but  th is   is  i n s u f f i c i e n t l y   r e l i a b l e   with  w i r e  

d i a m e t e r s   below  5  mm,  i . e .   the  m a j o r i t y   of  cases  in  w i r e  

drawing  p l a n t s ,   and  p a r t i c u l a r l y   with  wire  d i ame te r s   below  2 

mm. 

It  has  a l so   been  proposed  to  use  heated  f l u i d i z e d   bed  a p p a -  

r a t u s ,   where  t he re   are  improved  heat   t r a n s f e r   p r o p e r t i e s   w i t h  

r e s p e c t   to  forced  gas  or  a i r   t r e a t m e n t .   A  t y p i c a l   f l u i d i z e d  

bed  i n s t a l l a t i o n   comprises   a  r e f r a c t o r y   furnace   c o n s t r u c t i o n  

with  two  compar tments   s e p a r a t e d   by  a  f ixed  h o r i z o n t a l   p l a t e .  

The  upper  compartment  forms  a  long  U-shaped  vessel   in  which 

i n e r t   sand  p a r t i c l e s   ( s i l i c a ,   a lumina,   z i r c o n i a ,   and  t h e  

l i ke )   are  f l u i d i z e d   and  heated  by  blowing  a  hot  gas  t h r o u g h  

i t s   h o r i z o n t a l   bottom  p l a t e   which  for  t h a t   purpose  p o s s e s s e s  

a  p l u r a l i t y   of  a p e r t u e s   ( i . e .   being  of  p e r f o r a t e d   or  s l i t t e d  

metal )   or  is  made  of  a  porous  ceramic  ma te r i a l   such  as  a s -  

bes tos   s h e e t s   or  ceramic  p l a t e .   The  lower  compartment  be low 

the  s e p a r a t i n g   gas  d i s t r i b u t i o n   p l a t e   is  the  gas  plenum 

chamber  from  which  the  f l u i d i z i n g   gas  is  admi t t ed   u n d e r  

p r e s s u r e   to  the  p a r t i c l e   c o n t a i n e r .   The  f l u i d i z e d   p a r t i c u l a t e  

medium,  formed  of  so l id   p a r t i c l e s   suspended  in  a  f l u i d i z i n g  

gas  of  adequa te   v e l o c i t y   ( u s u a l l y   between  8  and  15  cm  p e r  
second  for   an  average   p a r t i c l e   dimension  ranging  from  150  t o  

500  m i c r o m e t e r ) ,   behaves  near ly   l ike   a  l i qu id   heat  t r a n s f e r  

medium  and  p o s s e s s e s   an  e l e v a t e d   heat  t r a n s f e r   c o e f f i c i e n t  

which  is  s i t u a t e d   between  tha t   of  forced  a i r   coo l ing   and 

molten  l e a d .  

It   has  been  found,  however,  t ha t   the  mechanical   p r o p e r t i e s  

and  m i c r o s t r u c t u r e   of  wires  t r e a t e d   in  such  f l u i d i z e d   a p p a -  

ra tus   are  s t i l l   s i g n i f i c a n t l y   i n f e r i o r   to  those  ob ta ined   by 

lead  bath  t r e a t m e n t .   There  is  a  s i g n i f i c a n t l y   l a r g e r   i n c i -  



dence  of  d e v i a t i o n s   from  the  ideal  f ine  p e a r l i t i c   s t r u c t u r e ,  

with  e .g.   s u b s t a n t i a l   amounts  of  coarse   p e a r l i t e   or  b a i n i t e  

being  formed.  These  problems  have  g e n e r a l l y   been  a t t r i b u t e d  

to  the  lower  heat  c apac i ty   and  t r a n s f e r   p r o p e r t i e s   of  a 
f l u i d i z e d   bed  compared  to  a  lead  bath,  which  r e s u l t   in  a  s low 

cool ing   ra te   and  the  lack  of  c o n s i s t e n t   i so the rma l   t r a n s f o r -  

mation  c o n d i t i o n s .  

In  an  a t t empt   to  overcome  these  problems,   p a r t i c u l a r l y   w i t h  

rods  or  heavy  wires ,   having  e .g.   a  d iameter   of  more  than  2 .5  

mm,  it   has  been  proposed  in  U.S.  Patent   3 ,615,083  to  use  a 

s e p a r a t e   p r e c o o l i n g   bed  f l u i d i z e d   by  cold  a i r ,   p o s i t i o n e d  

between  the  a u s t e n i t i z a t i o n   furnace  and  the  heated  f l u i d i z e d  

bed.  According  to  th is   U.S.  Pa t en t ,   a  problem  with  the  p r i o r  

ar t   is  tha t   the  cool ing   rate   is  not  s u f f i c i e n t l y   r a p i d .  

N e v e r t h e l e s s ,   t e s t s   have  shown  that   the  p roposa l s   in  t h i s  

U.S.  P a t e n t  d o   not  provide  the  necessa ry   improvements  in  

q u a l i t y ,   p a r t i c u l a r l y   for  wires  with  a  d iameter   of  say,  3  mm 

or  less   and  t y p i c a l l y   0.7  to  1.5  mm. 

We  now  be l i eve   that   the  problems  a s s o c i a t e d   with  f l u i d i z e d  

bed  p rocesses   l ie   not  so  much  with  the  ra te   of  cool ing  b u t  

with  the  d i f f i c u l t y   of  choosing  a  bed  t e m p e r a t u r e   which  w i l l  

be  a  s a t i s f a c t o r y   compromise  between  the  r equ i remen t s   of  

quenching ,   and  soaking  at  an  e l eva t ed   t e m p e r a t u r e .  

During  the  soaking  s tage ,   s u b s t a n t i a l l y   i so the rmal   t r a n s f o r -  

mation  should  take  p lace .   However,  the  t r a n s f o r m a t i o n   i s  

exothermic   and  the  t empera tu re   of  the  wires  will   tend  t o  

r i s e .   With  a  lead  bath  of  s u b s t a n t i a l   thermal  c a p a c i t y ,   t h e  

t e m p e r a t u r e   can  be  kept  almost  cons t an t   but  with  a  conven-  

t i o n a l   f l u i d i z e d   bed  a  s i g n i f i c a n t   i n c r e a s e   in  t e m p e r a t u r e  

is  e n c o u n t e r e d .   This  can  lead  to  the  fo rmat ion   of  c o a r s e  



p e a r l i t e .   On  the  o ther   hand  s i g n i f i c a n t   u n d e r - c o o l i n g   p r i o r  

to  soaking  at  an  e l e v a t e d   t e m p e r a t u r e   in  the  t r a n s f o r m a t i o n  

s t a g e ,   may  promote  i n i t i a l   fo rma t ion   of  u n d e s i r a b l e   s t r u c -  

t u r e s ,   such  as  upper  b a i n i t e .  

The  t e m p e r a t u r e   band  over  which  f ine   p e a r l i t e   s t r u c t u r e s   can  

be  o b t a i n e d   r e l i a b l y   is  r e l a t i v e l y   narrow  and  for  the  optimum 

m i c r o s t r u c t u r e s   is  na r rower   s t i l l .   In  conven t iona l   h e a t e d  

f l u i d i z e d   beds  used  for  t r e a t i n g   wi res ,   the  t e m p e r a t u r e   v a -  

r i a t i o n s   may  extend  over  a  range  comparable  with  or  l a r g e r  

than  t h e s e   p r e f e r r e d   bands.   If  the  t empera tu re   of  the  f l u i -  

dized  bed  is  set  s u f f i c i e n t l y   low  for  the  soaking  t e m p e r a t u r e  

to  be  a c c e p t a b l e ,   t a k i n g   in to   account   the  exothermic   n a t u r e  

of  the  t r a n s f o r m a t i o n ,   then  t he re   will   be  a  r i sk   of  u n d e r -  

coo l ing   dur ing   the  quenching   s tage   and  u n d e s i r a b l e   f o r m a t i o n  

of  b a i n i t e .   If  the  bed  t e m p e r a t u r e   is  inc reased   to  avoid  t h i s  

problem,  then  the re   is  a  r i sk   of  ove rhea t ing   dur ing  t h e  

t r a n s f o r m a t i o n   s tage   and  u n d e s i r a b l e   format ion  of  c o a r s e  

p e a r l i t e .  

U.S.  Pa t en t   3 ,615 ,083   does  not  p rovide   a  s o l u t i o n   to  t h e s e  

problems,   s ince   a l t hough   two  beds  are  provided,   the  a r r a n g e -  

ment  is  l i k e l y   to  lead  to  u n d e r c o o l i n g   p a r t i c u l a r l y   in  t h e  

case  of  t h in   w i r e s .  

The  p r e s e n t   i n v e n t i o n   aims  to  solve  at  l e a s t   some  of  t h e  

problems  a s s o c i a t e d   with  known  f l u i d i z e d   bed  t e c h n i q u e s .  

Thus  having  regard  to  the  p rocess   d i s c l o s e d   in  U.S.  P a t e n t  

3 , 6 1 5 , 0 8 3 ,   namely  a  p rocess   for  heat  t r e a t i n g   s t ee l   wires  in  

a  p a t e n t i n g   o p e r a t i o n   in  which  the  a u s t e n i t i z e d   wires  a r e  

quenched  in  a  f i r s t   f l u i d i z e d   bed  zone  and  t r a n s f e r r e d   to  a 

second,  f l u i d i z e d   bed  zone  where  t r a n s f o r m a t i o n   takes   p l a c e ,  



the  second  zone  being  heated  by  the  f l u i d i z i n g   gas,  the  p r e -  
sent  i n v e n t i o n   is  c h a r a c t e r i s e d   in  that   the  f i r s t   f l u i d i z e d  

bed  zone  is  heated  by  i ts   f l u i d i z i n g   gas  and  the  t e m p e r a t u r e s  

of  the  two  zones  are  c o n t r o l l e d   i n d e p e n d e n t l y .  

Apparatus   in  accordance  with  the  i nven t ion   is  c h a r a c t e r i z e d  

by  means  for  supplying  heated  f l u i d i z i n g   gas  to  the  f i r s t  

f l u i d i z e d   bed  zone  and  means  for  c o n t r o l l i n g   i n d e p e n d e n t l y  

the  t e m p e r a t u r e s   of  the  f i r s t   and  second  z o n e s .  

By  means  of  the  i n v e n t i o n ,   it  is  not  necessa ry   to  find  a 

compromise  between  the  quenching  and  t r a n s f o r m a t i o n   t e c h n i -  

ques.  The  t e m p e r a t u r e   of  the  second  zone  can  be  chosen,   and 

the  heat  input   c o n t r o l l e d ,   to  provide  the  de s i r ed   m i c r o -  

s t r u c t u r e   wi thout   i n t e r f e r i n g   with  the  quenching  t e m p e r a t u r e  

in  the  f i r s t   zone,  and  v i c e - v e r s a .  

In  the  f i r s t   zone,  the  p r o v i s i o n   of  a  heated  f l u i d i z i n g   gas 

wil l   make  it  p o s s i b l e   to  ensure  tha t   the  t o t a l   heat  i n p u t ,  

i n c l u d i n g   tha t   from  the  wires  being  t r e a t e d ,   is  such  t h a t  

the  t e m p e r a t u r e   of  the  wires  does  not  drop  below  a  c r i t i c a l  

level   at  which  format ion  of  b a i n i t e   is  promoted.  This  w i l l  

be  of  p a r t i c u l a r   advantage  in  the  case  of  thin  wires  where 

the  heat  s to red   by  the  wires  is  not  as  great   as  with  t h i c k e r  

wi res .   In  g e n e r a l ,   l ame l l a r   m i c r o s t r u c t u r e s   are  de s i r ed   b u t  

it  may  be  neces sa ry   to  ensure  that   the  wire  t e m p e r a t u r e   does 

not  r i se   to  a  level  at  which  coarse   p e a r l i t i c   s t r u c t u r e s   a r e  

ob ta ined   in  p r e f e r e n c e   to  f ine  s t r u c t u r e s .   This  can  be 

ach ieved   by  p rov id ing   s e p a r a t e l y   c o n t r o l l a b l e   cool ing   means 

in  the  f i r s t   f l u i d i z e d   bed  zone.  The  balance  ob ta ined   be-  

tween  the  heat  input  and  coo l ing   means  makes  it  e a s i e r   t o  

ma in ta in   a  d e s i r e d   t e m p e r a t u r e .  



These  cool ing   means  could  comprise  immersed  coo l ing   t u b e s  

with  a  fixed  or  p r e f e r a b l y   r e g u l a t e d   water  flow  r a t e ,   or  a 

r e g u l a t a b l e   water  spray,   or  more  p r e f e r a b l y   a i r   coo l ing   o f  

the  f l u i d i z e d   bed  s u r f a c e .  

In  many  cases ,   the  t e m p e r a t u r e s   of  the  two  zones  will   be  s i -  

m i l a r   a l though  the  r e s p e c t i v e   heat  inputs   wil l   be  c o n t r o l l e d  

i n d e p e n d e n t l y   to  take  into  account   the  d i f f e r e n t   c o n d i t i o n s  

and  r e q u i r e m e n t s .   The  improved  con t ro l   over  the  second  zone 

which  is  thus  made  p o s s i b l e ,   permi ts   the  soaking  t e m p e r a t u r e  

to  be  main ta ined   at  a  more  c o n s t a n t   level   and  th i s   f u r t h e r  

improves  the  m i c r o s t r u c t u r e s   which  can  be  o b t a i n e d .   Thus,  

a n o t h e r   problem  with  p r i o r   a r t   f l u i d i z e d   bed  systems  is  r e -  

duced.   Coupled  with  the  p o s s i b i l i t i e s   of  c o n t r o l l i n g   the  w i r e  

c o o l i n g   and  the  t r a n s f o r m a t i o n   s t a r t   c o n d i t i o n s ,   s i g n i f i c a n t  

improvements   are  o b t a i n e d .  

The  two  f l u i d i z e d   bed  zones  could  be  provided  by  two  s e p a r a t e  

f l u i d i z e d   beds  with  i n d e p e n d e n t l y   c o n t r o l l e d   f l u i d i z a t i o n .  

A l t h e r n a t i v e l y ,   a  s ing le   f l u i d i z e d   bed  could  be  d iv ided   i n t o  

two  z o n e s .  W h i l s t   these   two  zones  would  be  f l u i d i z e d   by  a 

s i n g l e   source  of  hot  gas,  at  l e a s t   one  zone  would  be  p r o v i d e d  

wi th   i ndependen t ly   c o n t r o l l e d   a u x i l i a r y   hea t ing   a n d / o r  

c o o l i n g   means.  Thus,  the  quenching  zone  could  be  p r o v i d e d  

with  cool ing   means  such  as  those  mentioned  above  and/or   t h e  

soaking   zone  could  be  provided  with  hea t ing   means,  d e p e n d i n g  

on  the  basic  t e m p e r a t u r e   of  the  hot  g a s .  

We  have  found  tha t   even  in  the  soaking  zone,  and  with  t h e  

improved  performance  ob ta ined   by  means  of  the  i n v e n t i o n ,  

t h e r e   can  be  v a r i a t i o n s   from  the  ideal  t e m p e r a t u r e   caused  

e .g .   by  the  exothermic   na tu re   of  the  t r a n s f o r m a t i o n .   Th is  

can  be  c o r r e c t e d   by  d i v i d i n g   the  soaking  zone  i t s e l f   into  a 



number  of  s epa ra t e   zones  with  a u x i l i a r y   heat ing  a n d / o r  

cool ing  means. 

Thus,  viewed  from  another   aspect   of  the  i nven t ion ,   a  p r o c e s s  
for  heat  t r e a t i n g   s tee l   elements  by  passing  them  through  a 

s ing le   f l u i d i z e d   bed  which  is  f l u i d i z e d   and  heated  by  a 

source  of  hot  gas,  is  c h a r a c t e r i z e d   in  that   the  t e m p e r a t u r e s  

of  s epa ra t e   zones  of  the  bed  are  c o n t r o l l e d   by  i n d e p e n d e n t l y  

c o n t r o l l e d   a u x i l i a r y   hea t ing   and/or  cool ing  means. 

Apparatus  for  use  in  such  a  process  can  also  be  of  w ide r  

a p p l i c a b i l i t y   and  thus  viewed  from  a  f u r t h e r   aspect  of  t h e  

i n v e n t i o n ,   a  hot  gas  heated  f l u i d i z e d   bed  is  c h a r a c t e r i z e d  

by  the  p r o v i s i o n   of  i ndependen t ly   c o n t r o l l e d   a u x i l i a r y  

hea t ing   and/or   cool ing  means  for  c o n t r o l l i n g   the  t e m p e r a t u r e s  

of  s epa ra t e   zones  of  the  bed.  

In  the  context   of  the  two  zone  f l u i d i z e d   bed  used  e.g.  in 

p a t e n t i n g   as  desc r ibed   above,  it  is  not  gene ra l l y   n e c e s s a r y  

for  the  soaking  zone  to  have  a u x i l i a r y   cool ing  means,  w h i l s t  

it  may  be  advantageous   to  have  a u x i l i a r y   heat ing  means.  In  a 

p r e f e r r e d   a r rangement ,   e l e c t r i c   r e s i s t a n c e   heaters   are  im- 

mersed  in  s u c c e s s i v e   soaking  bed  s e c t i o n s .   These  could  be 

replaced  by  immersed  rad ian t   tube  h e a t e r s .   With  such  a r r a n -  

gements,  the  base  heat  input  from  f l u i d i z i n g   gas,  i . e .   i t s  

i n l e t   t e m p e r a t u r e ,   is  set  f a i r l y   low  and  the  a u x i l i a r y  

hea te rs   r e l i ed   upon  to  bring  the  bed  to  the  required  t empo  

r a t u r e .  

In  all  of  the  a r r angemen t s ,   r e g u l a t i o n   of  the  in le t   tempera  

ture  of  the  f l u i d i z i n g   gas  for  e i t h e r   zone  can  use  lean  to  

extra  lean  mix tu re s ,   mix  cool ing  air   with  the  combustion  g a s ,  

or  provide  a  r e g u l a t e   heat  exchanger  between  the  plenum  and 



the  c o n b u s t o r .  

In  a  p r e f e r r e d   embodiment  of  the  p r e s e n t   i nven t ion   a  f l u i -  

dized  bed  soaking  zone  c o n t a i n s ,   in  i t s   l o n g i t u d i n a l   d i r e c -  

t ion ,   a  number  of  d i s t i n c t   heat   t r a n s f e r   and  con t ro l   com- 

pa r tmen t s ,   making  it   p o s s i b l e   to  adapt   l o c a l l y   the  e n e r g y  
balance  r e s u l t i n g   from  work  load  hea t ,   from  the  heat  i n p u t  

by  primary  f l u i d i z a t i o n   and  by  a u x i l i a r y   hea te r s   and  f rom 

cool ing   and  ambient   heat   l o s s e s ,   t he reby   enab l ing   m o m e n t a r i l y  

an  improved  accuracy   of  local  bed  t e m p e r a t u r e ,   which  t e m p e -  

r a tu re   can  be  kept  c o n s t a n t   over  the  e n t i r e   soaking  bed 

length  or  can  be  programmed  to  impose  and  main ta in   a  p r e d e -  

termined  p r o f i l e   from  soaking  zone  en t ry   to  e x i t .  

Although  the  a p p a r a t u s   and  p r o c e s s e s   in  accordance   w i t h  

var ious   a spec t s   of  the  p re sen t   i n v e n t i o n   are  p a r t i c u l a r l y   o f  

use  in  a  p a t e n t i n g   o p e r a t i o n   using  c o n v e n t i o n a l   quench  and 

soaking  t e m p e r a t u r e s ,   o ther   p o s s i b i l i t i e s   are  e n v i s a g e d .  

Thus,  "step  p a t e n t i n g "   could  be  u n d e r t a k e n .   In  t h i s ,   t h e  

quench  t e m p e r a t u r e   is  lower,  e .g .   400°C,  w h i l s t   s t i l l   above  

Ms,  and  th i s   is  fo l lowed  by  rapid  h e a t i n g   to  the  s e l e c t e d  

t r a n s f o r m a t i o n   t e m p e r a t u r e .   "Grad ien t   p a t e n t i n g "   could  a l s o  

be  under taken  by  quenching  and  then  t r a n s f o r m i n g   through  a 

chosen  t e m p e r a t u r e   g r a d i e n t   using  s e p a r a t e   t e m p e r a t u r e   c o n -  

t ro l   of  var ious   zones  of  a  f l u i d i z e d   bed.  The  appa ra tu s   c o u l d  

also  be  used  in  o ther   p rocesses   a l t o g e t h e r ,   such  as  the  f o r -  

mation  and  subsequen t   temper ing  of  m a r t e n s i t e   to  produce  h a r d  

s t r u c t u r e s .   In  such  p r o c e s s e s ,   the  quench  t e m p e r a t u r e   w i l l  

be  below  Ms.  Other  p o s s i b l e   p r o c e s s e s   are  p r e c i p i t a t i o n   h a r -  

dening,   quench  ha rden ing   and  so  f o r t h .  

In  the  g r a d i e n t   p a t e n t i n g   process   the  p e a r l i t e   r e a c t i o n  

commences  at  a  low  t e m p e r a t u r e   level   such  as  540-560°C  and 



con t inues   to  a  given  degree .   This  i n i t i a t e s   format ion  of  f i n e  

s o r b i t e .   T h e r e a f t e r ,   and  e .g.   a f t e r   10-20%  t r a n s f o r m a t i o n  

the  remaining  a u s t e n i t e   is  decomposed  at  a  higher  t e m p e r a t u r e  

level  such  as  600-650°C  or  more.  Thus,  the  cement i t e   g rowth  

rate  is  s i g n i f i c a n t l y   s lower .   It  is  t h e r e f o r e   p o s s i b l e   t o  

c rea te   f ine  s t r u c t u r e s ,   with  a  small  i n t e r l a m e l l a r   d i s t a n c e ,  

wi thout   the  growth  de f ec t s   encoun te red   with  f ine  p e a r l i t e s  

reacted  i s o t h e r m a l l y   at  h igher   ra tes   ( i . e .   at  cons t an t   lower  

t e m p e r a t u r e s ) .  

Wires  produced  in  th is   manner  have  improved  d r a w a b i l i t y   and 

s t r e n g t h   p r o p e r t i e s .   In  f ac t ,   the  f l u i d i z e d   bed  a p p a r a t u s  

and  method  of  the  p r e f e r r e d   embodiments  allow  the  s e l e c t i o n  

of  any  conven ien t   c o o l i n g - t r a n s f o r m a t i o n   curve  in  the  T . T . T -  

diagram  or  the  c a r ry ing   out  of  a  p a t e n t i n g   t r e a t m e n t   a c c o r -  

ding  to  a  s p e c i f i c   curve,   e .g.   to  obta in   spec ia l   e f f e c t s   o r  

p a r t i c u l a r   wire  p r o p e r t i e s .   This  is  not  known  with  common 

f l u i d i z e d   bed  p l an t s   nor  with  lead  b a t h s .  

One  p o s s i b i l i t y   is  to  take  fu l l   advantage  of  the  e x o t h e r m i c  

nature   of  the  r e a c t i o n   so  as  to  form  uniform  p e a r l i t i c  

s t r u c t u r e s   with  a  l a rge r   than  usual  i n t e r - l a m e l l a r   d i s t a n c e .  

Thus,  the  r e a c t i o n   could  s t a r t   at  580  to  600°C  and  the  w i r e s  

could  be  al lowed  to  i n c r e a s e   in  t empera tu re   by  the  e f f e c t s  

of  the  t r a n s f o r m a t i o n   heat  (with  t empera tu re   r i s e s   up  t o  

60-8D°C).  Although  the  wire  s t r e n g t h   is  l ess ,   the  wire  has 

good  de fo rma t ion   p r o p e r t i e s .  

A  f u r t h e r   problem  with  the  quenching  of  s teel   wires  in  a 

f l u i d i z e d   bed  such  as  the  cold  a i r   bed  of  the  p r io r   a r t ,   i s  

o x i d a t i o n   of  the  su r f aces   of  the  wi res ,   producing  u n d e s i r a b l e  

sca le .   We  t h e r e f o r e   propose  using  a  s u b s t a n t i a l l y   n o n - o x i -  

d i s ing   hot  gas  to  f l u i d i z e   (and  h e a t ) t h e   quenching  zone.  



Viewed  from  th is   a s p e c t ,   the  i n v e n t i o n   p rov ides   an  i m p r o v e -  

ment  in  a  process   for  heat  t r e a t i n g   of  s t ee l   in  which  s t e e l  

from  a n  a u s t e n i t i z i n g   furnace   is  quenched  in  a  f l u i d i z e d   b e d ,  

the  improvement  being  c h a r a c t e r i z e d   in  t ha t   the  bed  is  f l u i -  

d ized  by  s u b s t a n t i a l l y   n o n - o x i d i s i n g   exhaus t   gases  from  t h e  

a u s t e n i t i z i n g   f u r n a c e .   Apparatus   for  heat   t r e a t i n g   s t ee l   i n  

a c c o r d a n c e   with  t h i s   a spec t   of  the  i n v e n t i o n   comprises   an 

a u s t e n i t i z i n g   fu rnace   and  a  quenching  f l u i d i z e d   bed,  and  i s  

c h a r a c t e r i z e d   in  t h a t   means  are  provided  for  supply ing   e x -  
haus t   gases  from  the  fu rnace   to  the  bed  so  as  to  f l u i d i z e  

the  b e d .  

Such  a  process   and  a p p a r a t u s   can  be  of  use  in  many  f i e l d s ,  

but  is  of  p a r t i c u l a r   use  in  the  p a t e n t i n g   o p e r a t i o n s   d e s -  

c r i bed   e a r l i e r .  

Where  two  f l u i d i z e d   bed  zones  are  used,  the  exhaust   g a s e s  

can  be  passed  through  both  zones,   e i t h e r   by  f l u i d i z i n g   a  

s i n g l e   bed  d iv ided   into  zones,   or  by  being  passed  t h r o u g h  

two  s e p a r a t e   beds.  In  the  l a t t e r   case ,   the  exhaus t   gases  may 

pass  s e q u e n t i a l l y   through  the  two  b e d s .  

The  exhaus t   gas  p r e f e r a b l y   has  an  oxygen  con ten t   of  5%  by 

volume  or  less  and  p r e f e r a b l y   no  more  than  2%  with  a  t a r g e t  

of  1%  maximum.  P r e f e r a b l y   the  con ten t   is  not  more  than  0.5% 

or  most  p r e f e r a b l y   0.1  or  0.2%,  with  a  r e s i d u a l   carbon  mono- 

xide  con ten t   of  not  less  than  0.1%  and  p r e f e r a b l y   in  t h e  

range  of  0.5  to  2%. 

It  Is  c o n c e i v a b l e   t ha t   o ther   types  of  n o n - o x i d i s i n g   gas  c o u l d  

be  used,  even  if  not  ob ta ined   from  an  a u s t e n i f i z i n g   f u r n a c e .  

In  one  p r e f e r r e d   a r r a n g e m e n t ,   the  hot  exhaus t   gas  is  p r e -  



cooled  in  a  r e c u p e r a t o r ,   e.g.  a  waste  heat  b o i l e r ,   to  a  l e v e l  

not  exceeding  150°C  and  subsequen t ly   heated  to  the  d e s i r e d  

input  t e m p e r a t u r e .   This  can  be  done  by  means  of  a  b a t t e r y   o f  

v a r i a b l e   power  e l e c t r i c   h e a t e r s .   The  i n l e t   t e m p e r a t u r e s   may 

vary  from  100-150°C  to  450-500°C  according   to  the  o p e r a t i o n a l  

stage  ( i . e .   the  h i g h e s t   t empera tu re   is  r equ i r ed   at  s t a r t   up) 

and  the  wire  d i a m e t e r .  

In  f l u i d i z e d   bed  a p p a r a t u s   in  accordance  with  the  i n v e n t i o n ,  

a  s e p a r a t e   f l u i d i z i n g   gas  make-up  s t a t i o n   is  p r e f e r a b l y   l o -  

cated  ou t s ide   of  the  basic  f l u i d i z e d   bed  e n c l o s u r e .   I n s t e a d  

of  employing  c o n v e n t i o n a l   furnace  designs  ( r i g i d   c o n s t r u c -  

t ions   with  f ixed  r e f r a c t o r y   /  metal  j o i n t s )   for  b u i l d i n g   t h e  

f l u i d i z e d   bed,  it  is  p r e f e r r e d   to  use  a  modular  and  f l e x i b l e  

c o n s t r u c t i o n   as  d e s c r i b e d   in  U.K.  pa ten t   a p p l i c a t i o n   No. 

84.26455  a l though   t h i s   choice  is  not  e s s e n t i a l   for  p u t t i n g  

the  var ious   a spec t s   of  the  inven t ion   into  e f f e c t .   More  i n  

p a r t i c u l a r   a  p r e f e r r e d   c o n s t r u c t i o n   comprises  a  main  s t e e l -  

backed  r e f r a c t o r y   e n c l o s u r e ,   forming  a  t u n n e l - l i k e   s p a c e  
coveed  by  a  removable  or  l i f t a b l e   roof,   in  which  at  l e a s t  

two  s e p a r a t e   f l u i d i z e d   bed  modules  (wi thou t   i n c o r p o r a t e d  

burners )   are  d i s p o s e d ,   r e s p e c t i v e l y   a  quenching  module  and 

one  or  more  soaking  modules.  A  d i s t i n c t   module  is  p r e f e r a b l y  

made  in  the  form  of  a  two-chamber  metal  assembly  c o m p r i s i n g  

an  open  vessel   for  c o n t a i n i n g   the  p a r t i c l e s   and  an  a d j a c e n t  

gas  plenum  chamber  underneath   separa ted   from  the  p a r t i c l e  

vessel   by  a  gas  d i s t r i b u t i o n   bottom  place  (with  a p e r t u r e s  

and/or   nozzles   for  a d m i t t a n c e  o f   f l u i d i z i n g   gas)  and  is  f u r -  

ther  improved  in  tha t   the  module  par ts   are  i n t e g r a t e d   in  a 

d i s t i n c t   one -p i ece   assembly.   Such  modular  des ign ,   in  which 

combustion  h e a t e r s   are  absen t ,   is  advantageous   in  t e r m s  o f  

e x p l o i t a t i o n   and  m a i n t e n a n c e  :   the  i n d i v i d u a l   zone  modules  

are  e a s i l y   mounted  in  the  appara tus   e n c l o s u r e ,   and  if  n e e d e d ,  



they  can  be  detached  from  the  main  frame  (such  as  e .g.   f o r  

r e p a i r )   and  r ep laced   by  o ther   m o d u l e s .  

The  soaking  zone  may  comprise  one  f l u i d i z e d   bed  module  of  

s u i t a b l e   l eng th ,   or  a  number  of  smal ler   modules  l inked  t o -  

g e t h e r   if  a  soaking  zone  of  c o n s i d e r a b l e   length  is  d e s i r e d .  

Admi t tance   of  f l u i d i z i n g   gas  to  the  soaking  zone  with  one  o r  

more  modules  can  be  by  means  of  a  c e n t r a l   i n l e t   from  a 

soaking   gas  s t a t i o n   to  a  common  plenum  duct  ex t end ing   below 

the  a d j o i n i n g   plenum  c h a m b e r s .  

Moreover ,   the  u n f a v o u r a b l e   p r i o r   a r t   i n s t a l l a t i o n   design  and 

a p p a r a t u s   c o n s t r u c t i o n   a s s o c i a t e d   with  the  p r e sence   of  i n -  

t e r n a l   combus tors ,   heat  s e n s i t i v e   pa r t s   (exposed  to  d i r e c t  

flame  hea t )   and  of  f ixed  j o i n t s   between  d i s s i m i l a r   metal  and 

r e f r a c t o r y   components,   gave  r i se   to  f r equen t   a p p a r a t u s   down- 

t ime,   high  r e p a i r   cos t s   and  p roduc t i on   los s .   These  p e r s i s -  

t e n t   problems  of  widely  d i v e r g e n t   na tu re   can  be  at  l e a s t  

p a r t i a H y   resolved  by  p r e f e r r e d   embodiments  d e s c r i b e d   h e r e i n .  

In  the  p r e f e r r e d   a r r a n g e m e n t s ,  e a c h   zone  is  equipped  w i t h  

i t s   own  f l u i d i z a t i o n   c i r c u i t   and  i n t e g r a t e d   heat  c o n t r o l  

sys tem.   Accord ingly   the  s e p a r a t e   quench  zone  and  the  s o a k i n g  

zone  are  i n d i v i d u a l l y   f l u i d i z e d   by  means  of  s u i t a b l e   gas 

m i x t u r e s   prepared  (at   a  r e g u l a b l e   base  t e m p e r a t u r e )   o u t s i d e  

the  a p p a r a t u s   in  the  gas  make-up  s t a t i o n   of  each  zone,  and 

t h e r e   are  independent   heat  input   r e g u l a t i o n   and  bed  t e m p e r a -  

tu re   con t ro l   systems.   Such  an  i n t e g r a t e d   system  per  zone  i s  

e f f e c t i v e   in  p r a c t i c e   with  r e spec t   to  s t a r t i n g   and  o p e r a t i n g  

a  f l u i d i z e d   bed  l i n e .   Thus,  i t   allows  the  use  of  an  a p p r o -  

p r i a t e   gas  mixture   in  each  zone  and  p r e f e r a b l y   a  n o n - o x i d i -  

zing  gas  in  the  quench  zone  for  s c a l e - f r e e   coo l ing   the  h o t  

w i r e s .   It  also  enables   the  gradual   a d a p t a t i o n   (from  s t a r t - u p  



to  c o n s t a n t   running)   of  the  gas  i n l e t   t e m p e r a t u r e   to  a  s p e -  

c i f i e d   base  t e m p e r a t u r e   ( s e l e c t e d   as  a  f u n c t i o n   of  wire  t y p e  

and  p rocess   c o n d i t i o n s )   as  r equ i red   in  each  zone,  from  which  

base  level   the  t e m p e r a t u r e   ins ide   the  f l u i d i z e d   bed  is  f u r -  

ther   more  a c c u r a t e l y   a d j u s t e d   in  the  p r e f e r r e d   embodiments  

by  s p e c i f i c   secondary  con t ro l   devices   i n c o r p o r a t e d   r e s p e c t i -  

vely  in  the  quenching  and  in  the  soaking  zone.  In  a d d i t i o n ,  

since  the re   are  no  burners   ( for   hea t ing   and  f l u i d i z i n g )   i n  

the  zone  modules,  d i r e c t   thermal  damage  is  reduced  and 

a c c e s s ,   r epa i r   and  rep lacement   of  the  module  pa r t s   is  e a s i e r .  

Some  embodiments  of  var ious   aspec ts   of  the  i n v e n t i o n   w i l l  

now  be  d e s c r i b e d   by  way  of  example  only  and  with  r e f e r e n c e  

to  the  accompanying  drawings ,   in  w h i c h  :  

Figs.   1(a)  and  (b)  and  2(a)  and  (b)  show  l o n g i t u d i n a l   s e c -  

t i o n a l   views  r e s p e c t i v e l y   of  a  s t andard   lead  and  a  c o n v e n -  

t i o n a l   f l u i d i z e d   bed  p a t e n t i n g   i n s t a l l a t i o n ,   and  the  c o r r e s -  

ponding  wire  c o o l i n g - t r a n s f o r m a t i o n   c u r v e s  ;  

Fig.  3  is  a  d iagrammat ic   i l l u s t r a t i o n   of  the  r e l a t i o n s h i p  

between  the  t e m p e r a t u r e - t i m e - t r a n s f o r m a t i o n   (T .T .T . )   d i a g r a m  

and  the  c o o l i n g - t r a n s f o r m a t i o n   curve  of  a  lead  pa ten ted   and 

a  c o n v e n t i o n a l l y   f l u i d i z e d   bed  pa ten ted   carbon  s t ee l   w i r e ;  

Figs.  4(a)  and  (b)  show  f i r s t   and  second  examples  of  f l u i d i -  

zed  bed  appa ra tu s   in  accordance   with  the  i n v e n t i o n ;  

Figs.  5(a)  and  (b)  show  a  schematic   view  of  a  t h i rd   example  

of  a p p a r a t u s   in  accordance   with  the  i n v e n t i o n ,   t o g e t h e r   w i t h  

the  a c h i e v a b l e   p a t e n t i n g   c u r v e s ;  

Fig.  6  shows  f u r t h e r   d e t a i l s   of  appa ra tus   in  accordance   w i t h  



the  i n v e n t i o n ;  

Fig.  7  shows  wire  coo l i ng   and  t r a n s f o r m a t i o n   curves  o b t a i n a -  

ble  by  f l u i d i z e d   bed  p a t e n t i n g   process   in  accordance   w i t h  

the  i n v e n t i o n ;  

Fig.  8  shows  f u r t h e r   d e t a i l s   of  appa ra tu s   in  accordance   w i t h  

the  I n v e n t i o n ;  

Figs .   9(a)  and  (b)  compare  the  f l u c t u a t i o n   of  pa ten ted   w i r e  

s t r e n g t h   in  lead  and  f l u i d i z e d   b e d - p a t e n t i n g ;   and 

Fig.  10  i l l u s t r a t e s   a  number  of  s p e c i a l l y   s e l e c t e d   f l u i d i z e d  

b e d - p a t e n t i n g   c u r v e s .  

R e f e r r i n g   to  Figs .   la  and  2a  there   are  s c h e m a t i c a l l y   shown  a 

lead  (Pb)  and  a  p r i o r   a r t   f l u i d i z e d   bed  (FB)  p a t e n t i n g   l i n e ,  

whereby  a  wire  m a t e r i a l   W,  a f t e r   h e a t i n g   in  an  a u s t e n i t i z a -  

t i on   fu rnace   1  e n t e r s   a  lead  bath  2 ' ,   or  a  FB-appara tus   2  o f  

usual  s i n g l e   zone  c o n s t r u c t i o n ,   kept  at  a  c o n s t a n t   t e m p e r a -  

ture   by  s u i t a b l e   means  (not  shown).  

Figs.   lb  and  2b  d e p i c t   the  changes  in  wire  t e m p e r a t u r e   as  a 

f u n c t i o n   of  time  from  the  a u s t e n i t i z i n g   t e m p e r a t u r e   (Ta)  un-  

t i l   the  p a t e n t i n g   ho ld ing   t empera tu re   (Tp)  in  both  cases .   Tq 

s c h e m a t i z e s   the  course   of  wire  t e m p e r a t u r e   dur ing  q u e n c h i n g .  

From  a  comparison  of  Figs .   lb  and 2b  it  c l e a r l y   appears   t h a t  

in  a  c o n v e n t i o n a l   FB-appara tus   t r a n s f o r m a t i o n   s t a r t   and  r e a l  

wire  t r a n s f o r m a t i o n   t e m p e r a t u r e s   shown  by  curve  T  and  t h e  

shading   c o n s i d e r a b l y   depa r t   from  the  p r e f e r r e d   t e m p e r a t u r e  

(Tp),   and  tha t   the  p e a r l i t e   r e a c t i o n   may  occur  over  a  b road  

range  of  t e m p e r a t u r e s .   These  tend  to  r i s e   e x c e s s i v e l y   d u r i n g  

r e a c t i o n   p r o g r e s s ,   due  to  the  combined  e f f e c t   of  wire  r e c a -  



l e scence   (heat   r e l e a s e   by  t r a n s f o r m a t i o n )   and  of  the  l ower  

heat  t r a n s f e r   and  heat  c a p a c i t y   of  a  f l u i d i z e d   b e d .  

In  Fig.3  the  wire  c o o l i n g - t r a n s f o r m a t i o n   curves  (FB)  o b t a i n e d  

.by  c o n v e n t i o n a l   f l u i d i z e d   bed  p a t e n t i n g   are  r e p r e s e n t e d   in  a 

T.T.T.  diagram  in  comparison  with  lead  p a t e n t i n g   (Pb).  The 

dashed  curves  (TR)  and  (TR) 100  i n d i c a t e   s t a r t   and  end  o f  

a u s t e n i t e   t r a n s f o r m a t i o n ,   and  the  shaded  area  (OTB)  i l l u -  

s t r a t e s   the  optimum  t r a n s f o r m a t i o n   band  for  o b t a i n i n g   a  f i n e  

p e a r l i t i c   s t r u c t u r e .   It  should  be  no t iced   tha t   in  the  c a s e  

of  c o n v e n t i o n a l   FB-pa t en t ing   the  t e m p e r a t u r e   depa r t s   f rom 

the  OTB-region.  Pr ior   ar t   at temps  to  remedy  th i s   s i t u a t i o n ,  

for  example  by  using  a  p r e c o o l i n g   uni t   such  as  a  cold  a i r  

FB-zone,  or  by  d r a s t i c a l l y   lowering  the  f l u i d i z e d   bed  s o a k i n g  

t e m p e r a t u r e   so  a s  t o   provide  a  t e m p e r a t u r e   curve  such  as  T2 
in  Fig.  2b,  are  mostly  too  c r i t i c a l   because  of  p o s s i b l e  

b a i n i t e   fo rmat ion   caused  by  the  degree  of  unde rcoo l ing   T2 
below  T  .  

P 

In  Fig.  4a  a  general   embodiment  of  the  p r e s e n t   i n v e n t i o n   i s  

s chemat i zed .   There  is  shown  an  a u s t e n i t i z i n g   hea t ing   f u r n a c e  

1  and  two-zone  f l u i d i z e d   bed  appa ra tu s   2  with  an  i n d e p e n d e n t  

quench  zone  Q  and  t r a n s f o r m a t i o n - s o a k i n g   zone  TR-S.  These  

zones  each  con ta in   a  modular  assembly.  3,  compr i s ing   e s s e n -  

t i a l l y   a  p a r t i c l e   c o n t a i n e r   4,  a  plenum  chamber  5,  a  gas  d i -  

s t r i b u t i o n   p la te   6  (such  as  a  p e r f o r a t e d   p l a t e ,   p r e f e r a b l y  

with  gas  pipes  or  nozz les)   which  l inks  the  c o n t a i n e r   b o t t o m  

and  the  plenum  upper  pa r t ,   and  a  gas  a d m i t t a n c e   duct  5'  c o n -  

nected  to  the  plenum  bottom.  A  ( d e s i r a b l y   d e t a c h a b l e )   p i p e  

connec t ion   8  jo ins   each  module  to  the  gas  supply  duct  of  a 

f l u i d i z i n g   gas  make-up  s t a t i o n   7  (not  shown  here  in  d e t a i l )  

where  the  r equ i red   gas  (in  terms  of  volume  and  c o m p o s i t i o n )  

is  prepared  at  a  r e g u l a b l e   base  t e m p e r a t u r e .   This  base  t empe-  



r a t u r e   is  de t e rmined   for  each  zone  a c c o r d i n g   to  wire  t y p e  

and  s e l e c t e d   p rocess   and  is  a d j u s t e d - d u r i n g   p r o c e s s i n g   a c -  

co rd ing   to  the  p r e v a i l i n g   bed  c o n d i t i o n s   r e l a t e d   e .g .   t o  

s t a r t - u p   or  runn ing ,   change  of  wire  d i a m e t e r ,   e tc .   For  t h e  

e x t e r n a l   gas  make-up  s t a t i o n s ,   p o s s i b l e   i n s t a l l a t i o n s   a r e  

gas  g e n e r a t o r s ,   s u i t a b l e   make-up  burners   supp ly ing   a  ( p r e f e -  

rably   lean)   combust ion  m i x t u r e ,   forced  a i r   h e a t e r s   and  com- 

b i n a t i o n s   t h e r e o f .   The  two  zones  Q  and  TR-S  are  s e p a r a t e d   by 

a  heat  i n s u l a t i n g   wall  s u i t a b l y   a p e r t u r e d   to  permit   the  p a s -  

sage  of  w i r e s .   The  a p p a r a t u s   is  des igned  to  handle  a  number 

of  wires   t r a v e l l i n g   in  s t r a i g h t   and  p a r a l l e l   pa ths .   The  w i r e s  

may  pass  th rough  a  p r o t e c t i v e   hood  or  the  l ike   from  the  f u r -  

nace  1  to  the  quench  zone  Q. 

In  Fig.  4b  t h e r e   is  shown  an  a l t e r n a t i v e   embodiment  of  a 

two-zone  f l u i d i z e d   bed,  in  which  a u s t e n i t i z i n g   fu rnace   e x -  

haus t   gas  is  employed  for  f l u i d i z i n g   f i r s t   the  soaking  zone  

and  next  the  quench  zone  (or  v i c e - v e r s a   when  using  p r e c o o l e d  

fu rnace   exhaus t   gas ) .   In  t h i s   case  the  exhaus t   gas  from  a u s -  

t e n i t i z a t i o n   fu rnace   1  is  fed  by  pipe  8  to  the  f l u i d i z e d - b e d  

a p p a r a t u s   2  by  means  of  an  e x t r a c t i o n - b l o w e r   71.  Base  t e m p e -  

r a t u r e   a d j u s t m e n t   of  the  gas,  before   i t s   a d m i t t a n c e   to  t h e  

soaking  and  quench  zone  modules,   is  c a r r i e d   out  by  means  o f  

i n d i v i d u a l   a p p r o p r i a t e   heat  exchangers   10  and  101,  l o c a t e d  

at  the  en t ry   of  each  z o n e .  

Fig.  5a  i l l u s t r a t e s   a  p r e f e r r e d   embodiment  which  is  p a r t i c u -  

l a r l y   a d v a n t a g e o u s .   Here  t he re   is  shown  a  gas  f i r e d   a u s t e n i -  

t i z i n g   h e a t i n g   fu rnace   1  and  a  two-zone  f l u i d i z e d   bed  2  w i t h  

s e p a r a t e   quench  and  soaking  modules  Q  and  TR-S,  in  which  t h e  

quench  zone  is  f l u i d i z e d   by  means  of  ( p r e f e r a b l y   n o n - o x i d i -  

zing)  f u rnace   exhaus t   gas  8  whereas  the  soaking  zone  TR-S  i s  

equipped  with  an  i ndependen t   gas  g e n e r a t o r   7,  for  example  a  



s u i t a b l e   combustor  ( e . g .   a  make-up  bu rne r ) .   In  th i s   p a r t i c u -  

la r   case  the  f l u i d i z i n g   b a s e  t e m p e r a t u r e   at  the  quench  zone 

i n l e t   is  p r e f e r a b l y   c o n t r o l l e d   as  fo l lows .   F i r s t   the  e x t r a c -  

ted  furnace   exhaus t   gas  is  p recoo led ,   p r e f e r a b l y   to  be low 

150°C,  in  a  fu rnace   heat  r e c u p e r a t o r   11,  and  then  it  is  blown 

to  a  r e g u l a b l e   heat  exchanger   1 2  ( f o r   example  an  e l e c t r i c a l  

gas  hea te r )   to  a d j u s t   ac tua l   gas  t empera tu re   to  an  i n s t a n t l y  

r equ i r ed   i n l e t   t e m p e r a t u r e   level  which  may  vary  accord ing   t o  

momentar i ly   p r e v a i l i n g   heat  c o n d i t i o n s   i n s ide   the  quench  bed 

depending  on  o p e r a t i o n a l   regime,  heat  input  from  hot  w i r e s ,  

t h roughpu t   speed,  e tc .   The  primary  ad jus tment   of  quench  gas  
i n l e t   t e m p e r a t u r e   is  supplemented  by  a  secondary  c o n t r o l  

system  for  a c c u r a t e l y   r e g u l a t i n g   the  t e m p e r a t u r e   ins ide   t h e  

quench  bed  to  ma in t a in   any  des i red   p re sen t   value.   In  p r a c -  

t i c e ,   the  secondary  c o n t r o l   system  takes  over  comple te ly   once  

fu l l   time  running  o p e r a t i o n   is  f u l l y  e s t a b l i s h e d ,   tha t   i s  

when  a d d i t i o n a l   heat  input   from  the  f l u i d i z i n g   gas  is  no 

longer  demanded  and  the  quench  gas  p r e h e a t i n g   b a t t e r y   can  be 

s w i t c h e d - o f f .   This  wil l   be  desc r ibed   in  more  d e t a i l   be low.  

The  soaking  zone  TR-S  is  f l u i d i z e d   and  heated  by  means  o f  

hot  gas  der ived  from  s t a t i o n   7 ,  e . g .  a   make-up  c o m b u s t o r ,  

which  s u p p l i e s   a  gaseous  combustion  mixture   at  a  given  b a s e  

t e m p e r a t u r e   to  the  soaking  zone  module.  The  gas  i n l e t   t empe-  

r a t u r e   l eve l ,   needed  for  hea t ing   and  holding  the  soaking  bed 

at  a  cons t an t   p r e s e n t   ( average)   t e m p e r a t u r e ,   is  a u t o m a t i c a l l y  

adapted  as  a  f u n c t i o n   of  ac tua l   soaking  bed  heat  b a l a n c e  

(work  load,  r e c a l e s c e n c e ,   heat  l o s s e s ,   e t c . ) .  

Thus  both  the  quench  and  soaking  bed  are  i n d i v i d u a l l y   f l u i -  

d ized ,   heated  and  t e m p e r a t u r e   c o n t r o l l e d   in  such  a  way  as  t o  

main ta in   a  c o n s t a n t   bed  t e m p e r a t u r e ,   which  is  c h a r a c t e r i s t i c  

for  each  zone  and  is  adapted  according   to  the  wire  and 



d e s i r e d   p r o p e r t i e s   for  a  given  p rocess .   In  wire  p a t e n t i n g  

for  example,   the  i n t e r n a l   quench  bed  t e m p e r a t u r e   may  be  v a -  

r ied  from  250  to  600°C  (to  ob ta in   a  wire  t e m p e r a t u r e   be tween  

Ms  and  a  given  p e a r l i t e   r e a c t i o n   t e m p e r a t u r e ) ,   while  in  t h e  

soaking  zone  the  p r e s e t   t e m p e r a t u r e   can  be  s e l e c t e d   w i th in   a 

range  from  450  to  700 °C  (to  ob ta in   a  p e a r l i t i c   s t r u c t u r e   o f  

v a r i a b l e   f i n e n e s s ) .  

Fig..  5b  shows  a  set   of  wire  c o o l i n g - t r a n s f o r m a t i o n   c u r v e s  

ob t a ined   on  wire  p a t e n t i n g   by  means  of  an  appa ra tu s   and  p r o -  

cess  of  p r e f e r r e d   embodiments  of  th i s   i n v e n t i o n   ( c u r v e s  

FB-IN)  as  compared  to  p r i o r   a r t   f l u i d i z e d   bed  p a t e n t i n g   u s i n g  

a  s i n g l e   zone  (curves   FB-PA).  As  can  be  seen  from  the  d i a -  

gram  the  curves  FB-IN  co r respond   to  a  much  more  c l o s e l y   c o n -  

t r o l l e d   p a t e n t i n g   t r e a t m e n t   than  p o s s i b l e   with  the  p r i o r   a r t  

p r o c e s s ,   given  the  b e t t e r   ad jus tmen t   of  wire  coo l ing   and 

t r a n s f o r m a t i o n   s t a r t   c o n d i t i o n s   combined  with  a  more  p r e c i s e  

c o n t r o l   of  p e a r l i t e   r e a c t i o n   t e m p e r a t u r e .  

The  local   bed  t e m p e r a t u r e ,   may  have  a  tendency  to  r i s e   a t  

some  p laces   above  the  optimum  level   at  a  given  t r a n s f o r m a t i o n  

s tage  owing  to  the  p r e v i o u s l y   mentioned  r e c a l e s c e n c e   e f f e c t  

( r e l e a s e   of  t r a n s f o r m a t i o n   h e a t ) .   From  exper iments   we  have  

found  t h a t   the  degree  of  r e c a l e s c e n c e   and  the  l o c a t i o n   o f  

i t s   t e m p e r a t u r e   peaking  e f f e c t   in  the  soaking  zone,  may  v a r y  

with  wire  d i ame te r   t h r o u g h p u t   speed  and  s e l e c t e d   t r a n s f o r m a -  

t ion  c u r v e .  

A c c o r d i n g l y ,   in  p r e f e r r e d .   embodiments  the re   are  p r o v i d e d  

a u x i l i a r y   hea t i ng   e lements   and  t empera tu re   sensors   in  t h e  

p a r t i c l e   bed  of  the  soaking  zone  module,  which  e lements   a r e  

grouped  and  ope ra ted   in  a  number  of  d i s t i n c t   zone  c o m p a r t -  

ments  making  up  the  complete   s o a k i n g - t r a n s f o r m a t i o n   zone 



l eng th .   The  groups  are  r e g u l a t e d   i n d e p e n d e n t l y   by  compar tmen t  

to  c o r r e c t   the  local   soaking  zone  t e m p e r a t u r e   in  c o m b i n a t i o n  

with  the  con t ro l   of  primary  f l u i d i z a t i o n   heat .   To  solve  t h e  

problem  of  unequal  heat  losses   in  the  presence   of  a  v a r i a b l e  

r e l e a s e   of  t r a n s f o r m a t i o n   heat ,   the  average   heat  input   i s  

d iv ided   into  a  pr imary  and  a  secondary  f r a c t i o n ,   with  t h e  

primary  f r a c t i o n   being  d e l i b e r a t e l y   chosen  below  the  c o n s t a n t  

running  hea t ing   needs.   In  th is   way,  the  a u x i l i a r y   h e a t e r s  

not  only  d e l i v e r   the  neces sa ry   power  to  compensate  for  l o c a l  

heat  d e f i c i e n c y ,   but  a l so   a  part   of  the  primary  heat .   As  a 

r e s u l t   p o s s i b l e   local   b e d  o v e r h e a t i n g   owing  to  the  wire  r e -  

c a l e s c e n c e   peak  (which  may  exceed  the  average  bed  heat  l o s s )  

can  s t i l l   be  c o u n t e r a c t e d   wi thout   a f f e c t i n g   the  a d j a c e n t  

t r a n s f o r m a t i o n   zones.  An  a d d i t i o n a l   advantage   of  th is   m e a s u r e  

is  the  p o s s i b i l i t y   of  having  a  programmed  p e a r l i t e   r e a c t i o n ,  

e.g.   in  steps  of  d i f f e r e n t   t empera tu re   l eve l s   and  r e a c t i o n  

speeds.   This  has  s eve ra l   advantages   in  p r a c t i c e ,   such  as  i n -  

c reased   f l e x i b i l i t y   to  c a r r y  o u t   p a t e n t i n g   r igh t   on  t a r g e t  

( p o s s i b l y   even  b e t t e r   than  lead  p a t e n t i n g ) ,   the  a b i l i t y   t o  

con t ro l   the  p a t e n t i n g   r e a c t i o n   beyond  the  u sua l ly   a d o p t e d  

c o o l i n g - t r a n s f o r m a t i o n   curves  and  b e t t e r   p r o d u c t i v i t y   in  

terms  of  a p p a r a t u s   u s e d  d u e   to  s h o r t e r   s t a r t - u p s   and  a 

qu icker   t r a n s i t i o n   to  de s i r ed   regime  o p e r a t i o n .  

Fig.  6  i l l u s t r a t e s   how  the  optimum  r e a c t i o n   t e m p e r a t u r e   may 

be  p r e c i s e l y   a d j u s t e d   during  t r a n s f o r m a t i o n   p rogress   a c c o r -  

ding  to  the  above  p r i n c i p l e s ,   on  a  wire  W.  For  this   p u r p o s e  

the  soaking  bed  TR-S has  b e e n  d i v i d e d   i n t o  a   number  of  s e c -  

t ions   13  each  of  which  comprises  a  set  of  i n d i v i d u a l   h e a t i n g  

elements   14  i n s i d e   the  f l u i d i z e d   bed,  a  s u i t a b l e   t e m p e r a t u r e  

sensor  16  and  a  hea t ing   power  r e g u l a t o r   17,  connected  to  a 

con t ro l   panel  15.  The  hea t ing   elements  are  opera ted   at  a 

given  base  power  to  keep  the  soaking  bed  at  a  p re se t   t empe-  



r a t u r e ,   in  combina t ion   with  the  heat  input   of  the  hot  f l u i -  

d i z ing   gas  supp l i ed   by  the  soaking  bed  gas  make-up  s t a t i o n .  

They  are  f u r t h e r   a c t u a t e d   in  an  i n c r e a s i n g   or  d e c r e a s i n g  

power  sense  when  local   bed  t e m p e r a t u r e   drops  below  or  exceeds  

the  p r e s c r i b e d   soaking  t e m p e r a t u r e .   The  hea t ing   and  f l u i d i -  

zing  gas  make-up  s t a t i o n   is  d i sposed   ou t s ide   the  main  a p p a -  
ra tus   e n c l o s u r e .   The  s t a t i o n   is  here  e s s e n t i a l l y   a  combus t ion  

dev i ce ,   a r ranged   to  p r e p a r e   a  combustion  gas  mixture   at  d e -  

s i red   r a t e ,   t e m p e r a t u r e   and  p r e s s u r e ,   and  comprises   a  com- 

bus t i on   chamber  20  and  a  gas  burner   21  with  supply  of  p r e f e -  

rably   gaseous  fuel  23  ( e . g .   n a t u r a l   gas)  and  forced  a i r   22 

from  blower  7.  The  gas  i n l e t   t e m p e r a t u r e   is  fed  by  l ine   18 

to  panel  15.  The  gas  for  the  quench  zone  Q,  e .g .   p r e - c o o l e d  

from  a  f u r n a c e ,   passes   through  a  h e a t e r   1 2 .  

Fig.  7  i l l u s t r a t e s   the  e f f e c t   of  a d d i t i o n a l   t e m p e r a t u r e   c o r -  

r e c t i o n   w i th in   the  soaking   zone  on  the  p o s i t i o n   of  the  p a -  

t e n t i n g   curves  in  a  T.T.T.   d iagram.   As  can  be  seen  w i r e  

t r a n s f o r m a t i o n   t e m p e r a t u r e   or  p e a r l i t e   r e a c t i o n   can  be  f o r c e d  

e n t i r e l y   into  the  r e q u i r e d   optimum  OTB-region  (curve  A),  by 

i n s t a n t   c o r r e c t i o n   of  loca l   soaking  bed  t e m p e r a t u r e   whereas  

o t h e r w i s e   (curve   B),  i . e .   in  the  absence  of  i n d i v i d u a l l y   r e -  

gu l a t ed   bed  s e c t i o n s ,   i t   could  escape  to  a  given  ex ten t   f rom 

the  optimum  t r a n s f o r m a t i o n   band,  r e s u l t i n g   in  a  p a r t i a l l y  

annea led   ( c o a r s e r )   p e a r l i t i c   s t r u c t u r e .  

Fig.  8  shows  a  more  d e t a i l e d   view  of  a  p r e f e r r e d   embodiment 

of  a  f l u i d i z e d   bed  p l an t   u t i l i z i n g   the  p r i n c i p l e s   of  Fig.  6. 

Wire  W,  a u s t e n i t i z e d   in  a  gas  f i r ed   furnace   1,  p a s s e s  

s u c c e s s i v e l y   through  a  quench  compartment  Q  and  a  s e p a r a t e  

coo l ing   zone  TR-S  of  f l u i d i z e d   bed  a p p a r a t u s   2.  The  s o a k i n g  

zone,  c o n t a i n s   a  number  of  s e c t i o n s   13  with  immersed  a u x i -  

l i a r y   bed  h e a t e r s   and  r e l a t e d   c o n t r o l   devices   ( d e p i c t e d   i n  



Fig.  6  but  not  again  r e p r e s e n t e d   here) .   The  combustion  a i r  

for  burner  21  is  p r e f e r a b l y   p rehea ted   and  for  tha t   p u r p o s e  
fed  by  a  blower  7  over  a  heat  r e c u p e r a t o r   24  loca ted   in  t h e  

soaking  bed  exhaust   25.  

From  combustion  chamber  20  the  prepared  f l u i d i z i n g   gas  i s  

piped  to  the  soaking  zone  module  TR/S,  which  is  e s s e n t i a l l y  

a  m e t a l l i c   assembly  d isposed   in  the  U-shaped  inner  space  o f  

the  FB-furnace ,   in  which  assembly  the  p a r t i c l e   ve s se l ,   plenum 

chamber  and  gas  admi t t ance   duct  are  i n t e g r a t e d .   The  p a r t i c l e  

bed  4  con ta ined   in  vesse l   3  is  f l u i d i z e d .   There  is  also  shown 

a  gas  plenum  5  with  gas  admi t t ance   duct  5'  and  a  gas  d i s t r i -  

bution  device  6  between  the  vessel   bottom  and  the  a d j a c e n t  

plenum  which  is  p r e f e r a b l y   a  p e r f o r a t e d   p la te   having  a  l a r g e  

number  of  f l u i d i z i n g   nozzles   6'  at  r egu l a r ,   short   d i s t a n c e  

from  each  other   ( for   example  in  the  range  of  3  to  20  cm). 

The  nozzles   rece ive   f l u i d i z i n g   gas  from  a  plenum  chamber ,  

the  gas  admi t t ance   duct  5'  of  which  is  connected  to  a  s u p p l y  

pipe  9  of  the  soaking  bed  make-up  20  and  make  it  p o s s i b l e   t o  

obtain   and  mainta in   an  optimum  f l u i d i z i n g   v e l o c i t y   ( u s u a l l y  

around  10-12  cm  per  second)  and  s t ab l e   bed  c o n d i t i o n s .   Con- 

t ro l   means  for  the  soaking  bed  comprise  a  cont ro l   device  ( n o t  

shown  here)  for  r e g u l a t i n g   the  make-up  combustor  21  to  e s t a -  

b l i sh   and  ad ju s t   the  r equ i red   soaking  gas  i n l e t   t e m p e r a t u r e  

(pr imary  soaking  bed  hea t ing   and  holding  at  base  t e m p e r a -  

t u r e ) ,   and  secondary  con t ro l   dev i ce s ,   as  expla ined  above  in  

connec t ion   with  Fig.  6,  connected  to  a u x i l i a r y   hea te r s   o f  

each  soaking  zone  s ec t ion   to  c o r r e c t   the  local  soaking  bed 

t empera tu re   and  to  augment  the  base  heat  input  of  hot  f l u i -  

d iz ing   gas  to  the  soaking  zone  ( e s p e c i a l l y   useful   in  s t a r -  

t i ng -up   the  f l u i d i z e d   bed  a p p a r a t u s ) .  

The  quench  zone  Q  comprises  one  f l u i d i z e d   bed  module  of  t h e  



same  type  as  de sc r ibed   above  for  the  soaking  zone,  but  o f  

s h o r t e r   l eng th ,   p r e f e r a b l y   between  50  and  250  cm.  In  p r i n c i -  

ple  the  zone  can  be  f l u i d i z e d   in  the  same  way  as  the  s o a k i n g  

zone,  t h a t   is  by  means  of  a  s e p a r a t e   e x t e r n a l   combustion  gas  

make-up  s t a t i o n   connected  to  the  quench  module.  In  th i s   em- 

bodiment ,   however,  the  quench  gas  is  de r ived   from  the  e x h a u s t  

of  the  p reced ing   gas  f i r ed   a u s t e n i t i z i n g   f u rnace .   The  compo- 

s i t i o n   of  the  exhaust   gas  is  adapted  so  as  to  reduce  and  even 

avoid  o x i d a t i o n   of  the  hot  wires   dur ing   quenching .   Thus  t h e  

exhaus t   gas  mixture  e n t e r i n g   the  quench  module  has  an  oxygen 

c o n t e n t   of  max.  2  vo1  X,  and  p r e f e r a b l y   not  more  than  0.5% 

to  slow  down  or  p revent   u n d e s i r a b l e   su r f ace   o x i d a t i o n .   More 

s p e c i f i c a l l y   the  oxygen  c o n t e n t   is  p r e f e r a b l y   l imi ted   t o  

0.1%  max.  for  o x i d a t i o n   f ree   quench ing ,   in  combinat ion   w i t h  

a  small  amount  of  CO  of  between  0.5  and  about  2%  to  e n s u r e  

t h a t   o x i d a t i o n   free  c o n d i t i o n s   are  met.  In  the  l a t t e r   c a s e ,  

energy  consumption  is  s l i g h t l y   i n c r e a s e d   due  to  non -  

s t o i c h i o m e t r i c   combustion  in  hea t i ng   f u r n a c e .  

An  e x t r a c t i o n - b l o w e r   8'  s u p p l i e s   exhaus t   gas  which  p a s s e s  

th rough  a  p r e c o o l e r   or  exhaus t   heat  r e c u p e r a t o r   (not  shown) 

to  lower  the  gas  t e m p e r a t u r e ,   and  a  r e g u l a b l e   e l e c t r i c a l   gas  

h e a t e r   12  a l lowing   the  f l u i d i z i n g   gas  to  be  suppl ied   to  t h e  

quench  zone  at  any  r equ i r ed   i n l e t   t e m p e r a t u r e   l e v e l .   The 

pr imary   con t ro l   con ta ins   a  con t ro l   device   34  which  r e g u l a t e s  

power  supply  36  of  p r e h e a t e r   12  as  a  f unc t ion   of  quench  bed 

t e m p e r a t u r e   and  i n l e t   t e m p e r a t u r e   supp l i ed   by  l ines   33  and 

35 .  

A d d i t i o n a l   cool ing   and  bed  con t ro l   means  are  provided  to  a d -  

j u s t   and  to  main ta in   a  p r e s e t   t e m p e r a t u r e   ins ide   the  quench 

bed  dur ing   c o n s t a n t   running  o p e r a t i o n ,   tha t   is  when the   h e a t  

i npu t   of  the  hot  wires  l a r g e l y   exceeds  t h e  h e a t   removal  c a p a -  



c i ty   of  the  f l u i d i z e d   quench  bed  with  in le t   gas  p r e h e a t e r  

switched  off .   These  supplementary  cooling  means  compr i se  

fixed  bed  cool ing  means  such  as  immersed  water  co i l s   ( n o t  

shown)  and  r egu lab le   bed  cooling  means.  The  l a t t e r   c o m p r i s e s  

a  blower  28  which  d i r e c t s   a  va r iab le   amount  of  cool ing  a i r  

from  a  source  29  through  pipe  26  onto  the  sur face   of  t h e  

quench  bed  or  even  ins ide   the  bed.  A  motorized  valve  27  a d -  

j u s t s   the  rate  of  cooling  air  by  means  of  the  s u i t a b l e   con- 

t ro l   system  34  to  which  it  is  connected  by  line  30.  The  con- 

t ro l   system  34  measures  actual   bed  temperature   by  means  of 

sensor  33,  compares  it  with  the  quench  bed  t empera tu re   and 

a c c o r d i n g l y   r e g u l a t e s   the  motorized  valve  of  the  cool ing  a i r  

supply.  A l t e r n a t i v e l y   regulable   water  cooling  may  be  used 

with  heat  exchanging  coi ls   ( p r e s su r i zed   water  or  b o i l i n g  

water)  located  ins ide   the  p a r t i c l e   bed,  a  va r i ab le   water  f low 

rate   being  obtained  by  means  of  a  motorized  control   v a l v e .  

In  use  in  the  pa ten t ing   of  carbon  steel  wires,   the  quench 

zone  will  be  ad jus ted   and  maintained  at  a  t empera ture   w i t h i n  

a  range  from  250  to  650°C,  p r e f e r ab ly   from  350  to  550°C  f o r  

a  quench  length  of  0.5  to  2.5  m  and  the  soaking  zone  tempe- 

ra tu re   will  be  a d j u s t a b l e   within  a  range  from  450  to  700°C, 

and  p r e f e r a b l y   a  range  from  500  to  650°C.' 

The  con t ro l s   of  the  various  heating  and  cooling  means  de s -  

cr ibed  above  are  p r e f e r a b l y   a u t o m a t i c .  

Reference  will  now  be  made  to  ce r t a in   e x a m p l e s  :  

Example  1 

Steel  wires  of  1.50  mm  diameter  and  0.71%  C  were  t r e a t ed   on 

d i f f e r e n t   FB-paten t ing   l ines  and  compared  with  lead  p a t e n  

t ing .   A u s t e n i t i z a t i o n   tempera ture   and  wire  speed  were  t he  



same  in  each  case ,   namely  920°C  and  24  m / m i n u t e .  

Two  d i f f e r e n t   f l u i d i z e d   bed  modes  were  u s e d  :  

FB1 :  c o n v e n t i o n a l   f l u i d i z e d   bed  a p p a r a t u s   with  one  immersion 

zone;  bed  t e m p e r a t u r e   s e t t i n g   at  TFB =  560°C.  

FB2  :   f l u i d i z e d   bed  in  accordance   with  the  i nven t ion   w i t h  

s e p a r a t e   quench  and  soaking  zones  and  i n d i v i d u a l   f l u i d i z i n g  

means  and  zone  c o n t r o l .  

Bed  t e m p e r a t u r e s   were  a d j u s t e d   as  f o l l o w s  :  

t e m p e r a t u r e   c o n t r o l  :  

Tq  =  500°C  in  the  quench  zone  

TFB  =  560°C  in  the  soaking  zone 

l eng th   of  quench  z o n e  :   2.5  m 

leng th   of  soaking  zone  :   4.5  m 

The  p r o p e r t i e s   of  the  pa t en t ed   wires  were  as  f o l l o w s  :  



The  r e s u l t s   i n d i c a t e   the  b e n e f i c i a l   e f f e c t   of  the  i n v e n t i o n  

(FB-2)  on  the  p r o p e r t i e s   of  pa t en t ed   wire  as  compared  t o  

pr ior   art   f l u i d i z e d   bed  p a t e n t i n g   ( F B - 1 ) .  

Example  2 

A  FB-pa ten t ing   l ine   of  36  wires  was  equipped  with  two-zone  

f l u i d i z e d   bed  a p p a r a t u s   in  accordance   with  the  i n v e n t i o n  

compris ing  a  quench  zone  of  1.5m  and  a  soaking  zone  of  5.5m 

length ,   each  with  i n d i v i d u a l   t empera tu re   s e t t i n g s .   The 

quench  zone  was  f l u i d i z e d   with  d i f f e r e n t   gas  m i x t u r e s .  

Process  c o n d i t i o n s  :  

-  wire  d iamete r   1.3  mm;  0.69%  carbon  s t e e l  



-  t e m p e r a t u r e   of  quench  b e d  :   455°C 

-  t e m p e r a t u r e   of  soaking  bed :   530°C 

-  aus t .   t e m p .  :   900°C;  wire  speed  :   30  m/min. 

-  quenching  modes  accord ing   to  gas  make-up  and  gas  composi-  

t ion  in  quench  z o n e  :  

.  FB-3 :  furnace   exhaust   gas  %  C0=0.15;  %  02  2 

.  FB-4 :  combustion  gas  from  e x t e r n a l   burner  s t a t i o n  

%  CO2  4; %  02  5; %  CO=0 

.  FB-5 :  hot  a i r .  

The  FB-patented  wire  r e s u l t s   were  compared  to  those  of  l e ad  

pa ten ted   wire,   i s o t h e r m a l l y   t r ans fo rmed   at  560  °C. 

Wire  p r o p e r t i e s   are  t a b u l a t e d   b e l o w  :  



It  can  be  seen  tha t   the  p r o p e r t i e s   and  m i c r o s t r u c t u r e   of  p a -  
t en t ed   wire  ob ta ined   acco rd ing   to  the  i nven t ion   are  close  t o  

lead  pa ten ted   wire ,   except   in  case  of  ( l e s s   c o n t r o l e d )   h o t  

a i r   for  quenching.   The  b e n e f i c i a l   e f f e c t   of  using  a  n o n - o x i -  

d i z ing   quench  gas  on  wire  su r face   ox ida t i on   is  c l e a r l y   r e -  

c o g n i z a b l e .  

Example  3 

This  involved  the  use  of  the  same  FB-pa ten t ing   l ine   as  i n  

Example  2,  but  with  ex t ra   t empera tu re   r e g u l a t i o n   of  t h e  

s o a k i n g - t r a n s f o r m a t i o n   zone  which  was  d iv ided  into  5  s u b s e c -  

t i ons   with  i n d i v i d u a l   hea t i ng   elements  for  a u x i l i a r y   h e a t i n g  

and  c o r r e c t i o n   of  local   soaking  zone  t e m p e r a t u r e .  

Wire  :   d iameter   1.25  mm;  0.73%  C  s t e e l  

P rese t   t e m p e r a t u r e  :   quench  zone  550°C 

soaking  zone  520°C 

Running- in   of  l ine   was  compared  under  f o l l o w i n g  

c i r c u m s t a n c e s  :  

A  :   hea t ing   elements  of  soaking  s e c t i o n s   s w i t c h e d - o n  

Al :   i n l e t   gas  t e m p e r a t u r e   a d j u s t e d   at  400°C,  s e c t i o n a l  

hea t e r s   of  12  kW  t o t a l   power 

A2 :  i n l e t   gas  t e m p e r a t u r e   at  355°C;  s e c t i o n a l   hea t e r s   w i t h  

i n c r e a s e d   hea t ing   power  (25  kW)  to  enable  both  l o c a l  

t empera tu re   compensat ion   and  base  hea t ing   s u p p o r t .  

B  :   soaking  zone  as  usual  (wi thou t   using  a u x i l i a r y   h e a t e r s ;  

f l u i d i z i n g   gas  supp l i ed   at  about  500°C. 

In  case  A1  e f f e c t i v e   running  was  reached  in  less  than  40  mi -  

nutes  and  in  case  A2,  less   than  30  minutes .   In  case  B  t h e  

time  for  a t t a i n i n g   the  r equ i red   t empera tu re   p r o f i l e   in  t h e  

t r a n s f o r m a t i o n   zone  was  more  than  one  hour .  

In  a d d i t i o n ,   the  d i s t r i b u t i o n   and  spread  of  t e m p e r a t u r e  



during  normal  running  o p e r a t i o n   was  compared  in  t h e  

d i f f e r e n t   bed  s e c t i o n s .   The  r e s u l t s   of  t e m p e r a t u r e  

measurements   are  summarised  in  Table  3 .  

Note*  t e m p e r a t u r e   of  l a s t   zone  s e c t i o n  :   t e m p e r a t u r e   d rop  

i n f l u e n c e d   by  FB-furnace   e x i t .  

The  f a v o u r a b l e   e f f e c t   of  s e p a r a t e   soaking  zone  con t ro l   s e c -  

t i ons   on  bed  t e m p e r a t u r e   e q u a l i z a t i o n   is  appa ren t   from  c a s e s  

A1  and  A2.  In  case  B  local   p a r t i c l e   bed  t e m p e r a t u r e s   c o n t i n u e  

to  r i s e   ( rea l   wire  or  t r a n s f o r m a t i o n   t e m p e r a t u r e   is  even  a 

b i t   h i g h e r ) ,   p o s s i b l y   above  optimum  l e v e l .   These  unwanted 

t e m p e r a t u r e   f l u c t u a t i o n s   could  become  c o n s i d e r a b l e ,   such  as  

e .g .   on  changing  wire  d iamete rs   and  when  i n t e r m i t t e n t   ( s t o p  

and  go)  o p e r a t i o n   occurs  ( for   example  in  case  of  l ine   t r o u -  

b l e s ) ,   which  could  lead  to  i n f e r i o r   wire  q u a l i t y   and  to  a 

l a r g e r   amount  of  scrapped  wire  as  is  f r e q u e n t l y   the  case  w i t h  

p r i o r   a r t   f l u i d i z e d   bed  p a t e n t i n g .   It  a lso   appears   from  c a s e  

A2  t h a t   a  j u d i c i o u s   choice  of  a u x i l i a r y   hea t i ng   power  (which  

must  be  l a rge   enough  to  encompas  a  broad  compensat ion   r a n g e )  

and  a  lower  than  usual  primary  gas  t e m p e r a t u r e   gives  an  e x -  

c e l l e n t   f l e x i b i l i t y   and  makes  it   p o s s i b l e   to  keep  the  l o c a l  

t e m p e r a t u r e   very  c lose   to  the  p r e s c r i b e d   l e v e l .  



The  wire  p r o p e r t i e s   ob ta ined   a f t e r   case  Al,  A2  and  8  ( w i t h  

lead  p a t e n t i n g   as  r e f e r e n c e )   were  as  f o l l o w s  :  

A1 :  Tens i l e   s t r e n g t h   = 1217  N/mm2  m e a n  s p r e a d  

between  wires  = 12.7  N/mm 2 

A2 :  T e n s i l e   s t r e n g t h   =  1234  N/mm2  = 10.2  N/mm2 

B  :   T e n s i l e   s t r e n g t h   =  1192  N/mm2  =  19.5  N/mm2 

Lead  (560°C)  :   T e n s i l e  s t r e n g t h  :   1247  N/mm2 =  12.4  N/mm2 

In  Figs.   9(a)  and  (b)  the  t e n s i l e   s t r e n g t h   d i s t r i b u t i o n   o f  

t r e a t e d   wires  ( r e l a t e d   to  t h e i r   furnace   p o s i t i o n )   a c c o r d i n g  

to  A1  and  B  are  compared  with  lead  pa ten ted   w i re s .   The  im- 

proved  c o n s i s t e n c y   of  wire  p r o p e r t i e s   obta ined  by  c o n d i t i o n s  

Al  are  a p p a r e n t .  

Fig.  10  s c h e m a t i c a l l y   shows  a  v a r i e t y   of  p a t e n t i n g   modes 

which  can  be  s e l e c t e d   and  c a r r i e d   out  c o r r e c t l y   when  u s i n g  

two-zone  f l u i d i z e d   in  accordance   with  the  i n v e n t i o n   i n c l u d i n g  

d i s t i n c t   soak ing-zone   con t ro l   compartments .   In  the  T . T . T . -  

d iagram  curves  1  and  2  i l l u s t r a t e   FB-pa ten t ing   at  two  d i f f e -  

rent  t e m p e r a t u r e   l e v e l s ;   curve  3  i l l u s t r a t e s   F B - p a t e n t i n g  

with  t r a n s f o r m a t i o n   s t a r t   at  a  f i r s t   t empera tu re   and  t r a n s -  

format ion   p rogress   and  f i n i s h   at  a  s e l e c t e d   h igher   t e m p e r a -  

ture  which  can  be  imposed  from  a n y  t r a n s f o r m a t i o n   f r a c t i o n  

(TR)  x  onwards  (3a,  3b,  3c).  Curve  4  is  an  example  of  s t e p  

p a t e n t i n g   with  a u s t e n i t e   unde rcoo l ing   before  rapid  h e a t i n g  

to  a  s u i t a b l e   t e m p e r a t u r e   for  i so thermal   t r a n s f o r m a t i o n   t o  

p e a r l i t e .  

A  spec ia l   a d a p t a t i o n   r e l a t e s   to  cont inuous   m a r t e n s i t i c   h a r -  

dening  of  s t ee l   wire  by  means  of  a  two-zone  f l u i d i z e d   bed ,  

which  for  tha t   purpose  is  provided  with  an  adapted  quench 

zone  for  deep  coo l ing ,   making  it  p o s s i b l e   to  car ry   out  a  s o f t  

quench  to  below  Ms  ( m a r t e n s i t e   s t a r t   t empera tu re )   w i t h o u t  



i n t e r s e c t i n g   the  p e a r l i t e   nose  of  the  T . T . T . - c u r v e ,   t h e  

quench  zone  being  long  enough  or,  if  needed,  t he re   being  and 

a d d i t i o n a l   cold  bed  module,  to  ensure   complete   t r a n s f o r m a t i o n  

of  a u s t e n i t e   to  m a r t e n s i t e   be fo re   e n t e r i n g   the  soaking  zone ,  

where  m a r t e n s i t e   is  to  be  tempered  at  a  p r e s e t   holding  t e m -  

p e r a t u r e .  

An  a r rangement   for  p a t e n t i n g   s t e e l   w i r e s ,   in  p a r t i c u l a r   o f  

small  d i a m e t e r ,   may  use  a p p a r a t u s   with  only  one  common  p a r -  

t i c l e   immersion  bed  which  is  f l u i d i z e d   by  a  gas  m i x t u r e  

( s u p p l i e d   from  fu rnace   exhaus t   or  make-up  burner)   at  a  d e -  

l i e r a t e l y   chosen  " low"base  t e m p e r a t u r e .   The  immersion  or  mo- 

dule  l ength   is  then  subd iv ided   in  a  number  of  s e p a r a t e   c o n -  

t r o l   s e c t i o n s   in  which  the  f i r s t   s e c t i o n ,   used  for  q u e n c h i n g ,  

is  f u r t h e r   equipped  with  f ixed  c o o l i n g   as  well  as  with  r e g u -  

l ab l e   coo l ing   means  to  remove  the  excess   quenching  hea t .   The 

second  and  f o l l o w i n g   module  s e c t i o n s ,   forming  the  p r o p e r  

t r a n s f o r m a t i o n   zone,  are  p rov ided   with  r e g u l a b l e   i n t e r n a l  

h e a t e r s   of  s u f f i c i e n t   power  for  e s t a b l i s h i n g   and  m a i n t a i n i n g  

a  p r e s c r i b e d   t r a n s f o r m a t i o n   t e m p e r a t u r e .   In  th i s   case  t h e  

f l u i d i z e d   bed  hardware  is  i n t e g r a t e d   in  one  modular  c o n -  

s t r u c t i o n   whereas  the  heat   c o n t r o l   and  t e m p e r a t u r e   compensa-  

t ion   dev ices   form  two  i ndependan t   sys tems,   resp.  for  q u e n -  

ching  and  for  t r a n s f o r m a t i o n   or  s o a k i n g .  

It  wi l l   be  a p p r e c i a t e d   t h a t ,   at  l e a s t   in  the  case  of  c e r t a i n  

a s p e c t s   of  th i s   i n v e n t i o n   it   may  not  be  s i g n i f i c a n t   w h e t h e r  

a  p a r t i c u l a r   i n s t a l l a t i o n   is  c o n s i d e r e d   as  a  number  of  s e p a -  

r a t e   f l u i d i z e d   beds  or  as  a  s i n g l e   bed  d iv ided   into  s e p a r a t e  

zone.  Grad ien t   p a t e n t i n g   might  be  c a r r i e d   out  using  a  number 

of  a d j a c e n t ,   s e p a r a t e l y   f l u i d i z e d ,   beds,  for  example.  Modi- 

f i c a t i o n s   of  the  p r i n c i p l e s   and  embodiments  d i s c l o s e d   h e r e i n  

may  be  a p p a r e n t   to  those  s k i l l e d   in  the  a r t   and  to  e x t e n t  



tha t   these   r e t a in   the  advantageous   r e s u l t s   of  the  i n v e n t i o n  

it   is  in tended  that   they  be  cons ide red   as  i n c o r p o r a t e d  

h e r e i n .  



1.  A  process   for  c o n t i n u o u s l y   heat  t r e a t i n g   s t ee l   w i r e s  

in  mu l t iw i r e   p a t e n t i n g   o p e r a t i o n   with  e s s e n t i a l l y   p a r a l l e l  

and  r e c t i l i n e a r   wire  d i s p l a c e m e n t   in  which  the  a u s t e n i t i z e d  

wires   are  quenched  to  a  p r e d e t e r m i n e d   t e m p e r a t u r e   in  a  f i r s t  

f l u i d i z e d   bed  zone  (Q)  and  t r a n s f e r r e d   to  a  second  a d j a c e n t  

f l u i d i z e d   bed  zone  (TR-S)  where  s o a k i n g - t r a n s f o r m a t i o n   t a k e s  

p l a c e ,   the  second  zone  being  heated  by  f l u i d i z i n g   gas,  c h a -  

r a c t e r i z e d   in  t h a t   the  f i r s t   bed  zone  is  heated  and  f l u i d i z e d  

by  i t s   f l u i d i z i n g   gas  and  the  t e m p e r a t u r e s   of  the  two  bed 

zones  and  of  t h e i r   f l u i d i z i n g   gas  supply  are  c o n t r o l l e d   i n -  

d e p e n d e n t l y .  

2.  A  process   as  claimed  in  claim  1,  c h a r a c t e r i z e d   i n  

t h a t   the  f i r s t   and  second  zones  (Q,  TR-S)  are  f l u i d i z e d   by 

s e p a r a t e   and  i n d e p e n d e n t l y   c o n t r o l l e d   s u p p l i e s   of  gas  ( 7 ) .  

3.  A  process   as  claimed  in  claim  1  or  2,  c h a r a c t e r i z e d  

in  tha t   the  t e m p e r a t u r e   of  the  second  zone  (TR-S)  is  c o n -  

t r o l l e d   at  l e a s t   in  par t   by  a u x i l i a r y   hea t ing   means  (14)  i n  

the  b e d .  

4.  A  process   as  claimed  in  claim  3  c h a r a c t e r i z e d   i n  

t h a t   the  t e m p e r a t u r e   of  i n d i v i d u a l   regions   (13)  along  t h e  

second  zone  (TR-S)  are  c o n t r o l l e d   at  l e a s t   in  par t   by  i n d i -  

vidual   hea t ing   means  (14)  for  each  r e g i o n .  

5.  A  process   as  claimed  in  claim  4  c h a r a c t e r i z e d   i n  

t h a t   the  t e m p e r a t u r e s   of  the  i n d i v i d u a l   regions   (13)  a r e  

c o n t r o l l e d   so  as  to  p rovide   a  t e m p e r a t u r e   g r a d i e n t   along  t h e  

second  zone  ( T R - S ) .  



6.  A  process   as  claimed  in  claim  5  c h a r a c t e r i z e d   in  

tha t   the  t empera tu re   g r a d i e n t   is  such  t ha t   t r a n f o r m a t i o n   i s  

commenced  at  f i r s t   t empera tu re   and  is  s u b s e q u e n t l y   c o n t i n u e d  

at  a  second,  higher  t e m p e r a t u r e .  

7.  A  process   as  claimed  in  claim  6  c h a r a c t e r i z e d   i n  

tha t   t r a n s f o r m a t i o n   at  the  second  t e m p e r a t u r e   is  i n i t i a t e d  

a f t e r   between  about  10  and  20%  of  t r a n s f o r m a t i o n   has  t a k e n  

p l a c e .  

8.  A  process   as  claimed  in  any  of  claims  1  to  5  c h a -  

r a c t e r i z e d   in  tha t   there   is  rapid  u n d e r c o o l i n g   of  the  a u s t e -  

n i t i z e d   wire  followed  by  rapid  hea t ing   to  a  t empera tu re   s u i -  

t ab l e   for  t r a n s f o r m a t i o n .  

9.  A  process   as  claimed  in  any  p reced ing   claim,  c h a -  

r a c t e r i z e d   in  that   the  t e m p e r a t u r e   of  the  f i r s t   zone  (Q)  i s  

c o n t r o l l e d   at  l eas t   in  part   by  a u x i l i a r y   cool ing   means  ( 2 8 ) .  

10.  A  process   as  c l a i m e d  i n   claim  9  c h a r a c t e r i z e d   i n  

tha t   the  f i r s t   zone  (Q)  is  sub jec t ed   to  cont inuous   c o o l i n g  

by  f i r s t   cool ing   means  and  v a r i a b l e   coo l ing   by  second  c o o l i n g  

means  (28,  2 7 ) .  

11.  A  process   as  claimed  in  any  p reced ing   claim,  c h a -  

r a c t e r i z e d   in  that   the  f i r s t   zone  (Q)  is  f l u i d i z e d   by  s u b -  

s t a n t i a l l y   n o n - o x i d i s i n g   exhaust   gases  from  an  a u s t e n i t i z i n g  

furnace   ( 1 ) .  

12.  A  process   as  claimed  in  claim  11,  c h a r a c t e r i z e d   in  

tha t   the  exhaust   gases  are  cooled  and /or   heated  by  a u x i l i a r y  

means 

(11,  12)  before   e n t e r i n g   the  f i r s t   zone  (Q) .  



13.  A  process   as  claimed  in  claim  11  or  12  c h a r a c t e r i z e d  

in  t h a t   the  exhaus t   gases  have  an  oxygen  c o n t e n t   of  2%  o r  

l e s s   by  vo lume.  

14.  A  p rocess   as  claimed  in  claim  13  c h a r a c t e r i z e d   i n  

t ha t   the  exhaus t   gases  inc lude   a  r e s i d u a l   carbon  monoxide 

c o n t e n t   to  f u r t h e r   promote  n o n - o x i d i s i n g   c o n d i t i o n s .  

15.  A  p rocess   as  claimed  in  claim  14  c h a r a c t e r i z e d   i n  

t ha t   the  carbon  monoxide  c o n t e n t   is  between  0.5  and  2  %. 

16.  A  p rocess   as  claimed  in  any  p r eced ing   claim  c h a r a c -  

t e r i z e d   i n  t h a t   the  c o n d i t i o n s   are  so  c o n t r o l l e d   as  to  p r o -  
duce  a  s u b s t a n t i a l l y   e n t i r e l y   l a m e l l a r   p e a r l i t i c   m i c r o s t r u c -  

t u r e .  

17.  A  process   as  claimed  in  claim  16  c h a r a c t e r i z e d   in  

t ha t   the  c o n d i t i o n s   are  so  c o n t r o l l e d   as  to  produce  a  homo- 

geneous  p e a r l i t i c   m i c r o s t r u c t u r e   of  d e s i r e d   f i n e n e s s   and 

s t r e n g t h   for  f u r t h e r   wire  d r a w i n g .  

18.  F l u i d i z e d   bed  appa ra tu s   for  heat  t r e a t i n g   s t e e l  

wires   compr i s ing   a  f i r s t   f l u i d i z e d   bed  zone  (Q)  for  q u e n c h i n g  

w i r e s ,   a  second,   heated  f l u i d i z e d   bed  zone  (TR-S),  and  means 

(2)  for  f l u i d i z i n g   and  h e a t i n g   the  second  zone,  c h a r a c t e r i z e d  

by  means  (8 ' )   for  f l u i d i z i n g   and  hea t ing   the  f i r s t   f l u i d i z e d  

bed  zone  in  s u b s t a n t i a l l y   n o n - o x i d i z i n g   c o n d i t i o n s   and  means 

(34,  15)  for  c o n t r o l l i n g   i n d e p e n d e n t l y   the  t e m p e r a t u r e s   o f  

the  f i r s t   and  second  z o n e s .  

19.  Apparatus   as  claimed  in  claim  18  c h a r a c t e r i z e d   i n  

t ha t   means  (28)  are  p rov ided   for  coo l ing   the  f i r s t   zone  ( Q ) .  



20.  Apparatus  as  claimed  in  claim  18  c h a r a c t e r i z e d   in  

tha t   the  cool ing   means  comprises   f ixed  cool ing   means  and  a d -  

d i t i o n a l   v a r i a b l e   cool ing   means  (28,  2 7 ) .  

21.  Apparatus  as  claimed  in  claim  18,  19  or  20,  c h a r a c -  

t e r i z e d   in  tha t   means  (14)  are  provided  for  i n d e p e n d e n t l y  

c o n t r o l l i n g   the  t e m p e r a t u r e s   of  s e p a r a t e   reg ions   (13)  a l o n g  

the  second  zone .  

22.  Apparatus  as  claimed  in  claim  21  c h a r a c t e r i z e d   in  

tha t   s e p a r a t e l y   c o n t r o l l e d   hea t ing   e lements   (14)  are  p r o v i d e d  

in  the  s e p a r a t e   regions   (13)  of  the  b e d .  

23.  Apparatus  as  claimed  in  any  of  claims  18  to  22  c h a -  

r a c t e r i z e d   in  tha t   the  f i r s t   zone  (Q)  is  supp l i ed   with  e x -  

haust   gas  from  an  a u s t e n i t i z i n g   furnace   ( 1 ) .  

24.  Apparatus  as  claimed  in  claim  23  c h a r a c t e r i z e d   in  

tha t   a  p r e - c o o l e r   (11)  and  an  a u x i l i a r y   hea te r   (12)  are  p r o -  
vided  for  the  exhaust   gas  before   it  is  fed  to  the  f i r s t   zone 

(Q) .  

25.  Apparatus  as  claimed  in  claim  23  or  24  c h a r a c t e r i z e d  

in  tha t   means  are  provided  for  pass ing   the  exhaus t   gas  s e -  

q u e n t i a l l y   through  the  f i r s t   and  second  zones  (Q,  TR-S)  and 

s e p a r a t e   t e m p e r a t u r e   con t ro l   means  (10,  101)  are  provided  t o  

con t ro l   the  t e m p e r a t u r e   of  the  exhaust   gas  e n t e r i n g   the  r e s -  

pec t i ve   z o n e s .  

26.  Apparatus  as  claimed  in  any  of  claims  10  to  24  c h a -  

r a c t e r i z e d   in  tha t   the  f i r s t   and  second  zones  (Q,  TR-S)  a r e  

f l u i d i z e d   by  comple te ly   i ndependen t   sources   of  gas  (8,  2 1 ) .  



27.  A  process   for  the  heat   t r e a t i n g   s t ee l   elements  by 

pa s s ing   them  along  e s s e n t i a l l y   p a r a l l e l   and  s t r a i g h t   p a t h s  

th rough   a  s i ng l e   f l u i d i z e d   bed  chamber  (TR-S)  which  is  f l u i -  

d ized  and  heated  by  a  source  of  hot  gas  (21)  of  r e g u l a b l e  

base  t e m p e r a t u r e ,   c h a r a c t e r i z e d   in  t ha t   the  t e m p e r a t u r e s   o f  

s e p a r a t e   zones  (13)  of  the  bed  is  c o n t r o l l e d   by  i n d e p e n d e n t l y  

c o n t r o l l e d   a u x i l i a r y   h e a t i n g   and /or   coo l ing   means  ( 1 4 ) .  

28.  A  f l u i d i z e d   bed  (TR-S)  compr is ing   two  or  more  s u c -  

c e s s i v e   zones  in  i t s   l e n g t h w i s e   d i r e c t i o n   which  are  f l u i d i z e d  

and  heated  by  a  common  s o u r c e  o f   hot  gas  (21)  of  r e g u l a b l e  

base  t e m p e r a t u r e   c h a r a c t e r i z e d   by  the  p r o v i s i o n   of  i n d e p e n -  

d e n t l y   c o n t r o l l e d   a u x i l i a r y   hea t i ng   and/or   coo l ing   means  (14)  

for  c o n t r o l l i n g   the  t e m p e r a t u r e s   of  s e p a r a t e   zones  (13)  o f  

the  b e d .  

29.  A  process   for  heat   t r e a t i n g   s t ee l   In  which  s t e e l  

from  an  a u s t e n i t i z i n g   f u rnace   (1)  is  quenched  in  a  f l u i d i z e d  

bed  (Q),  c h a r a c t e r i z e d   in  t h a t   the  bed  is  f l u i d i z e d   by  s u b -  

s t a n t i a l l y   n o n - o x i d i n g   exhaus t   gases  from  the  a u s t e n i t i z i n g  

f u r n a c e .  

30.  Apparatus  for  heat  t r e a t i n g   s t e e l ,   compr is ing   an 

a u s t e n i t i z i n g   fu rnace   (1)  and  a  quenching  f l u i d i z e d   bed  (Q) ,  

c h a r a c t e r i z e d   in  tha t   means  (8f)  are  provided  for  s u p p l y i n g  

exhaus t   gases  from  the  fu rnace   (1)  to  the  bed  (Q)  so  as  t o  

f l u i d i z e   the  b e d .  

31.  A  process   as  c la imed  in  claim  27,  c h a r a c t e r i z e d   i n  

t h a t   the  s tee l   e l emen t s ,   having  been  a u s t e n i t i z e d   and  quen-  

ched,  are  passed  through  the  bed  (TR-S)  which  has  the  t empe-  

r a t u r e s   of  i ts   zones  (13)  c o n t r o l l e d   so  as  to  produce  a  



t e m p e r a t u r e   g r a d i e n t   such  tha t   t r a n s f o r m a t i o n   of  the  a u s t e -  

n i t i z e d   elements   is  commenced  at  a  f i r s t   t e m p e r a t u r e   and 

con t inued   at  a  second,  h igher   t e m p e r a t u r e .  

32.  A  process   for  the  heat  t r ea tmen t   of  s t ee l   e l e m e n t s  

in  a  p a t e n t i n g   o p e r a t i o n   wherein  the  elements  are  a u s t e n i -  

t i zed   quenched,  and  passed  through  heated  f l u i d i z e d   bed  a p -  

pa ra tus   (TR-S)  where  t r a n s f o r m a t i o n   takes  p lace ,   c h a r a c t e r i -  

zed  in  that   the  t e m p e r a t u r e   along  the  appa ra tus   (TR-S)  i s  

c o n t r o l l e d   by  independent   hea t ing   and/or   cool ing   means  so  as  

to  produce  a  t empera tu re   g r a d i e n t   such  that   t r a n s f o r m a t i o n  

of  the  a u s t e n i t i z e d   e lements   is  commenced  at  a  f i r s t   t empe-  

r a t u r e   and  cont inued  at  a  second,   higher   t e m p e r a t u r e .  

33.  A  process   as  claimed  in  claim  31  or  32  c h a r a c t e r i z e d  

in  tha t   t r a n s f o r m a t i o n   is  commenced  at  a  t e m p e r a t u r e   in  t h e  

range  of  540-600°C  to  i n i t i a t e   the  p roduc t ion   of  f i n e  

p e a l i t e   or  s o r b i t e   and  is  con t inued   at  h igher   t e m p e r a t u r e  

such  tha t   cemen t i t e   growth  is  c o n s i d e r a b l y   s l o w e r .  
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