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©  High-performance  carbon  steel  wire. 
©  A  carbon  steel  wire  which  contains  at  least  0.6  %  C  and 
which  has  a  boron  content  of  at  least  0.0005  %  by  weight 
exhibits  an  improved  capacity  for  processing  to  high 
strength  levels. 
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 A   carbon  steel  wire  which  contains  at  least  0.6  %  C  and 
which  has  a  boron  content  of  at  least  0.0005  %  by  weight 
exhibits  an  improved  capacity  for  processing  to  high 
strength  levels. 



The  p resen t   inven t ion   p e r t a i n s   to  the  f i e ld   of  drawn  c a r b o n  

s t ee l   wire  and  a p p l i c a t i o n s   t he reo f .   More  in  p a r t i c u l a r   t h e  

inven t ion   r e l a t e s   to  a  h i g h - s t r e n g t h   p e a r l i t i c   s t ee l   wire  having  a  

s p e c i f i e d   composi t ion  allowing  an  improved  capaci ty   for  e f f e c t i n g  

large  drawing  r educ t ions   and  for  ob ta in ing   higher  than  normal  l e v e l s  

of  useful   t e n s i l e   s t r eng th   exceeding  2000  Newton  per  squa re  
m i l l i m e t r e .   The  wire  of  th i s   invent ion   is  sui ted  for  demanding 

a p p l i c a t i o n s ,   such  as  high-duty  ropes  cables  and  springs  and  more 

s p e c i f i c a l l y   it   is  intended  for  r e i n f o r c i n g   rubber  a r t i c l e s ,   e . g .  
s t ee l   cord  and  bead  wire  for  t i r e s ,   bel t   cord  for  rubber  b e l t s ,   hose  

wire  for  h i g h - p r e s s u r e   hoses,  e t c . . .  

T r a d i t i o n a l l y   plain  carbon  s t ee l   wires  of  s u f f i c i e n t   c a r b o n  

content ,   i n c l u s i v e   low-alloyed  va r i an t s   the reof ,   are  employed  f o r  

h i g h - s t r e n g t h   a p p l i c a t i o n s   up  to  about  2000  N/mml.  To  obtain  a  

prede termined   e leva ted   s t rength   level   said  wires  are  s u b j e c t e d  

e i the r   to  a  m a r t e n s i t i c   quench  and  tempering  t reatment   or  to  t h e  

combined  o p e r a t i o n   of  m e t a l l u r g i c a l   pa ten t ing   and  subsequent  c o l d  

drawing,  the  l a t t e r   being  the  case  of  this   i n v e n t i o n .  



At  p re sen t   such  drawn  p e a r l i t i c   wires  are  usua l ly   made  o f  

pla in   h igh-carbon   s t ee l   having  the  fo l lowing   genera l   composit ion  (by 

w e i g h t )  :  

the  remainder  being  Fe  and  unavoidable  i m p u r i t i e s   r e l a t ed   t o  

s teelmaking  p r a c t i c e .  

In  a d d i t i o n   the re to   al loyed  composi t ions   of  said  pla in   c a r b o n  

s t ee l s   are  sometimes  used.  These  v a r i a n t s   may  conta in   a  member  o r  

members  s e l e c t e d   from  a  group  c o n s i s t i n g   of  Cr,  Ni,  Cu,  Mo,  Co,  W, 

Nb,  V,  Ti,  Al  and  other  elements  which  can  be  p resen t   in  v a r y i n g  

amounts  depending  on  the  se lec ted   member  and  the  a l loy ing   pu rpose  
for  a  given  a p p l i c a t i o n .  

In  p r o c e s s i n g   and  applying  drawn  carbon  s t e e l   wire  of  normal  

composit ion  for  h igh-performance  uses  one  f r e q u e n t l y   e n c o u n t e r s  

ser ious   problems  r e l a t ed   to  i n c o n s i s t e n t   drawing  behaviour  and  w i r e  

breaks  in  p roduc t ion   and  also  to  i n s u f f i c i e n t   wire  d u c t i l i t y   and 

sudden  b r i t t l e   f a i l u r e   in  s e r v i c e .  

It  is  g e n e r a l l y   acknowlegded  by  those  s k i l l e d   in  the  ar t   t h a t  

these  problems,  which  t y p i c a l l y   a r i se   in  h i g h - t e n s i l e   a p p l i c a t i o n s  

above  2000  N/mm  become  even  more  important   as  t e n s i l e   s t r eng th   i s  

i nc reased ,   e .g.   above  2200  N/mmt.  When  approaching   the  c o n v e n t i o n a l  

l imi t   of  useful   s t r eng th   for  a  given  wire  diameter   said  d i f f i c u l t i e s  

may  become  so  severe  that   wire  drawing  is  i m p r a c t i c a l   or  i m p o s s i b l e .  

Thus,  in  the  convent iona l   product ion  of  h i g h - t e n s i l e   wire  based  on 

t r a d i t i o n a l   carbon  s tee l   composi t ions ,   one  is  confronted  with  t h e  

drawback  of  poor  drawing  performance  and  of  f r e q u e n t l y  

u n s a t i s f a c t o r y   wire  p r o p e r t i e s   (e.g.   u n s u f f i c i e n t   d u c t i l i t y   i n  

to r s ion   or  bending,  b r i t t l e   p laces ,   low  f a t igue   l i f e   e t c . ) .  



Moreover,  conven t iona l   p r a c t i c e   does  not  permit  to  f u r t h e r  

s u b s t a n t i a l l y   i n c r e a s e   the  useful   s t r e n g t h   l im i t   without  r isk   o f  

premature  wire  e m b r i t t l e m e n t ,   which  forms  a  s e r ious   obs tac le   to  t h e  

extens ion   of  wire  a p p l i c a b i l i t y .   Apart  from  the  important   role  o f  

s t ee l   grade  and  wire  p roces s ing   care  in  t h i s   r e s p e c t ,   i t   i s  

gene ra l l y   a s c e r t a i n e d   tha t   the  p r a c t i c a l   usefu l   s t r e n g t h   l i m i t  

(according  to  conven t iona l   s tee l   wire  p r a c t i c e )   is  r e l a t e d   to  w i r e  

diameter  as  f o l l o w s  :  

In  the  past  s eve ra l   proposals   have  been  made  with  the  aim  o f  

i n c r e a s i n g   the  use fu l   s t r e n g t h   l imi t s   as  mentioned  above  and  o f  

e l i m i n a t i n g   the  p r o c e s s i n g   d i f f i c u l t i e s   (unexpected  b r e a k i n g ,  

overdrawing  and  b r i t t l e   wi re , )   when  producing  h i g h - t e n s i l e   w i r e s .  

Among  these  p roposa l s   we  not ice  the  demand  of  t i g h t e r  

composi t ional   t o l e r a n c e s ,   e s p e c i a l l y   with  r e spec t   to  s tee l   p u r i t y  

(non-me ta l l i c   i n c l u s i o n s )   and  r e s idua l   e lements .   Hence,  f o r  

h igh-performance  a p p l i c a t i o n s   the  s p e c i f i c a t i o n   of  the  r e s i d u a l s  

sulphur  and  phosphorus  wil l   often  be  r e s t r i c t e d   to  max.  0.025  %.  I n  

add i t ion   a  ca re fu l   procedure   of  acceptance  con t ro l   and  s tee l   g r a d e  

s e l e c t i o n   has  been  in t roduced   by  many  w i r emake r s .  

In  sp i te   of  these  improvements,  however,  the  above  ment ioned  

d i f f i c u l t i e s   in  the  f i e l d   of  h i g h - t e n s i l e   wire  product ion   were  no t  

yet  fu l ly   nor  c o n s i s t e n t l y   s o l v e d .  



With  the  aim  of  remedying  t h i s   u n s a t i s f a c t o r y   s i t u a t i o n   many 
s t e e l   makers  have  at tempted  spec ia l   and/or  a d d i t i o n a l   r e f i n i n g   s t e p s  

to  fu the r   improve  s tee l   pur i ty   and  q u a l i t y   and  to  s u p p r e s s  
u n d e s i r a b l e   impur i t i e s   down  to  below  the  a l ready  s t r i n g e n t  

s p e c i f i c a t i o n s .   On  the  other  hand  qui te   a  number  of  a l l o y i n g  

m o d i f i c a t i o n s   e f f e c t i v e   in  s t r e n g t h e n i n g   carbon  s t e e l   grades  have 

been  proposed  and  t r i ed   for  the  purpose  of  i n c r e a s i n g   u l t i m a t e   w i r e  

s t r e n g t h   without  loss  of  t o u g h n e s s .  

Said  measures  have  proven  to  be  valuable   in  some  s i n g u l a r  

wire  a p p l i c a t i o n s ,   for  example  rocket   wire  q u a l i t i e s   and  other   f i n e  

wire  s p e c i a l t i e s .   Sca l ing-up   to  i n d u s t r i a l   wire  p r a c t i c e   and  mass 

p roduc t ion ,   however,  has  not  been  an  unqua l i f i ed   success ,   mostly  f o r  

reasons  of  unfavorable   economics.  Indeed,  the  p roduc t ion   o f  

supe rc l ean   s t ee l   r equ i r e s   s o p h i s t i c a t e d   melt  r e f i n i n g   equipment  and 

more  p u r i f i c a t i o n   steps  which  lead  to  a  p r o h i b i t i v e   cos t .   Moreover ,  

said  ex t ra - improved   super io r   grades  are  seldom  r e a l l y   n e c e s s a r y .  

For  a l loyed  carbon  s t e e l s   the  pr ice   supplementover   p l a i n  

carbon  grades ,   which  may  widely  vary  according  to  type  and  amount  o f  

a l l o y i n g   a d d i t i o n ,   can  be  a c c e p t a b l e .   In  the  art   of  wire  making,  

u n f o r t u n a t e l y ,   a l l o y i n g   elements  often  have  u n d e s i r a b l e   side  e f f e c t s  

(e.g.   prolongement  of  heat  t r ea tmen t   cyc les ,   slower  p e a r l i t e  

t r a n s f o r m a t i o n ,   more  d i f f i c u l t   s o l u t i o n   of  s t ab le   carb ide   f o r m e r s ,  

e t c . )   which  may  s e r i o u s l y   a f f e c t   p r o d u c t i v i t y ,   e s p e c i a l l y   in  t h e  

produc t ion   of  fine  wires  (e .g .   for  t i r e   cord)  n e c e s s i t a t i n g   a  number 

of  i n t e r m e d i a t e   pa t en t ing   o p e r a t i o n s .  

The  so lu t ion   offered  by  the  p resen t   inven t ion   does  n o t  

possess   the  d i sadvan tages   as  exp la ined   above,  and  yet  enables   t o  

achieve  d e f i n i t e   and  unexcepted  improvements  over  the  p r i o r  

wiremaking  ar t .   It  thereby  f u l f i l s   the  important   ob jec t   of  p r o v i d i n g  

a  higher  than  h i t h e r t o   ach ievab le   useful   wire  s t r e n g t h   ( l a r g e l y  

exceeding  2000  N/mmi)  in  a  most  e f f i c i e n t   and  economical  way. 



Another  object   of  the  p resen t   invent ion   is  to  decrease   incidence  o f  

wire  breaks  and  to  suppress   the  appearance  of  u n d e s i r a b l e  

b r i t t l e n e s s   encountered  when  drawing  usual  s t e e l   wires  t o  

h i g h - t e n s i l e   l e v e l s .  

S t i l l   another   important   object   is  to  provide  a  wire  having  an  
enhanced  deformat ion  c a p a c i t y ,   a l lowing  l a r g e r   than  normal  t o t a l  

drawing  r educ t ions   as  compared  to  conven t iona l   carbon  s tee l   w i r e s .  

According  to  the  present   i nven t ion   these   and  other  o b j e c t s  

are  accomplished  by  the  p rov is ion   of  a  drawn  s t e e l   wire  ( g e n e r a l l y  

less   than  5  mm  diameter)   having  a  deformed  m i c r o s t r u c t u r e   c o n s i s t i n g  

of  e s s e n t i a l l y   p e a r l i t e   (obtained  by  lead  p a t e n t i n g   or  by  a  s i m i l a r  

i so thermal   t r a n s f o r m a t i o n   process  to  p e a r l i t e   and  s u b j e c t e d  

t h e r e a f t e r   to  a  r equ i red   drawing  r educ t ion )   and  having  a  u s e f u l  

s t r eng th   of  more  than  2000  N/mml ,  which  wire  is  made  from  a 

s p e c i f i e d   p la in   carbon  s t ee l   composit ion  c h a r a c t e r i z e d   by  a 

m i c r o - a l l o y i n g   add i t i on   of  boron  and  c o n t a i n i n g   (in  percentage  o f  

weight)  0.6  to  1.2  %  C,  0  to  1.0  %  Mn,  0  to  1.0  %  Si,  max. 

0.035  %  P,  max.  0.035  %  S,  0.0005  to  0.015  %  B,  the  remainder  Fe  and 

i n e v i t a b l e   i m p u r i t i e s .  

According  to  another  aspect   of  the  p resen t   invent ion   there  i s  

provided  a  drawn  p e a r l i t i c   carbon  s tee l   wire  having  a  s t e e l  

composi t ion  as  defined  above  and  an  e leva ted   t e n s i l e   s t r eng th   of  n o t  

less   than  fol lowing  values  r e l a t ed   to  f i na l   wire  d i a m e t e r  :  

According  to  an  a d d i t i o n a l   aspect   t h e r e o f   said  wires  a r e  

provided  with  a  rubber  adherent   c o a t i n g .  



According  to  a  p re fe r r ed   f ea tu re   of  the  p resen t   i n v e n t i o n  

there  is  provided  a  drawn  carbon  s t e e l   wire  with  a  t e n s i l e   s t r e s s   i n  

excess   of  2200  N/mmt  having  a  s p e c i f i e d   composi t ion  c o n t a i n i n g   0 . 6  

to  1.2 %  C,  0  to  0.35  %  Si,  less   than  0.60 %  Mn,  max.  0.008  %  N, 

max.  0.025  %  S,  max.  0.025 %  P  and  0.001  to  0.01  %  B,  the  balance  Fe 

and  i n c i d e n t a l   i m p u r i t i e s .   According  to  an  a d d i t i o n a l   a s p e c t  

t h e r e o f   the  present   invent ion   a lso  provides   a  carbon  s t e e l   wire  o f  

0.1  to  0.5  mm  diameter  having  said  p r e f e r r e d   s p e c i f i e d   c o m p o s i t i o n  

and  imparted  with  a  t e n s i l e   s t r eng th   of  at  l e a s t   2700  N/mm2 , 

p r e f e r a b l y   at  l eas t   3000  N/mm  for  d iameters   of  0.3  mm  and  below,  

which  wire  f u r t h e r   conta ins   a  rubber  adherent   brass   coa t ing   on  i t s  

su r f ace   for  the  purpose  of  adequate  rubber  r e i n f o r c e m e n t .  

Also  comprised  of  the  p resen t   i nven t ion   are  a r t i c l e s   made  o f  

p e a r l i t i c   wires  possess ing   the  s p e c i f i e d   s t e e l   composi t ion  of  t h i s  

i n v e n t i o n   and  drawn  to  a  h i g h - t e n s i l e   s t r e n g t h   as  s p e c i f i e d   above .  

A  p a r t i c u l a r   embodiment  t h e r e i n   are  wire  elements  and 

s t r u c t u r e s   for  rubber  r e i n f o r c e m e n t ,   which  elements  are  f a b r i c a t e d  

from  s t e e l   wire  of  the  present   i nven t ion   and  are  covered  with  a  

rubber  adherent   coa t ing ,   for  example  brass  p la ted   bead  wire  and 

s t e e l   cord  for  t i r e s ,   brassed  hose  wire,  be l t   cord  from  brassed  o r  

ga lvan ized   wires  for  rubber  be l t s   and  the  l i k e .  

Compared  to  the  p rocess ing   of  conven t iona l   wires  to  an  

e l eva t ed   s t r eng th   of  more  than  2000  N/mm2  the  s t e e l   wires  of  t h i s  

i nven t ion   allow  l a rger   t o t a l   drawing  r educ t i ons   without   causing  a  

normally  encountered  increase   in  wire  breaks  and  without   enhanced 

r i sk   of  overdrawing.   The  l a t t e r   phenomenon  u sua l ly   gives  r i se   t o  

wire  of  i n c o n s i s t e n t   d u c t i l i t y ,   poor  p l a s t i c i t y   in  t o r s i o n   and  to  a 

s i g n i f i c a n t   increase   in  r e j ec t ed   wire,  which  d e f i c i e n c i e s   a r e  

l a r g e l y   overcome  by  the  wires  of  t h i s   i n v e n t i o n .  



An  important   advantage  of  the  wires  produced  according  to  t h e  

p resen t   inven t ion   is  t h e i r   improved  r e s i d u a l   d u c t i l i t y ,   which 

remains  s a t i s f a c t o r y   and  r e l i a b l e   even  a f t e r   large  t o t a l   drawing 

s t r a i n s .   This  permits   to  r a i se   the  a l ready   e leva ted   useful   s t r e n g t h  

leve l   above  the  p r a c t i c a l   s a fe ty   l im i t s   of  conven t iona l   s t ee l   w i r e .  

The  accompanying  graph  of  f ig .   1  c l e a r l y   i l l u s t r a t e s   the  main 

a spec t s   and  advantages  of  the  p resen t   i n v e n t i o n .   I t   shows  t h e  

comparat ive   s t r a i n   hardening  behaviour  of  boron  a l loyed  carbon  s t e e l  

wire  of  t h i s   i nven t ion   and  of  convent iona l   h igh-ca rbon   s tee l   w i r e .  

Curves  (1)  and  (2)  show  the  r e l a t i o n s h i p   between  t e n s i l e   s t r e n g t h  
(N/mm )  and  deformat ion  degree  (expressed  as  d iameter   r a t i o   d p / d  ;  

dp  =  p a t e n t i n g   s t a r t   diameter  and  d  =  drawn  diameter)   of  s t ee l   w i re  

of  t h i s   i n v e n t i o n ,   resp.  with  a  s tandard   pa ten ted   s t r u c t u r e   and  w i t h  

a  e x t r a - f i n e   p e a r l i t e   s t r u c t u r e   (2).  The  shaded  bands  (3)  and  (4) 

r e fe r   to  cold  work  hardening  by  drawing  of  pa ten ted   c o n v e n t i o n a l  

carbon  s t ee l   wire  of  resp.   0 . 65  -   0.70  %  C  and  0 . 8 0  -   0.85 %  C. 

Reference  numeral  (5)  i n d i c a t e s   the  onset  of  b r i t t l e   behaviour  when 

drawing  conven t iona l   wires.   The  comparat ive  curves  of  Fig.  1 

c l e a r l y   demonstrate   that   the  s tee l   wires  of  t h i s   i nven t ion   a r e  

s u p e r i o r   in  u l t ima te   drawing  capac i ty   and  in  a t t a i n a b l e   u s e f u l  

t e n s i l e   s t r e n g t h .   Curve  2  f u r t he r   shows  tha t   the  novel  s tee l   w i re  

composi t ion  use  is  apt  to  enhanced  s t r a i n - h a r d e n i n g   a f t e r   p r o p e r  

p a t e n t i n g .   This  a d d i t i o n a l   capac i ty   is  not  observed  in  c o n v e n t i o n a l  

wire  p rocess ing   (owing  to  less  c o n t r o l l a b l e   b a i n i t e   formation  when 

p a t e n t i n g   usual  s t e e l   wire  grades  to  a  f i n e s t   pos s ib l e   p e a r l i t e  

s t r u c t u r e ) .  

Returning  to  the  unexpectedly   f avo rab le   ro le   of  boron  in  t h e  

context   of  h i g h - t e n s i l e   s t ee l   wire  p roduc t ion   of  th i s   inven t ion ,   we 

may  assume  that  t r a d i t i o n a l   m e t a l l u r g i c a l   knowledge  is  u n s u f f i c i e n t  

to  give  a  fu l ly   s a t i s f a c t o r y   e x p l a n a t i o n .  



From  said  knowledge  and  r e l a t e d   p r io r   art   exper ience   i t   i s  

known  that   boron  inc reases   (quench)  h a r d e n a b i l i t y   of  carbon  s t ee l   up 

to  a  carbon  content   of  about  0 . 5  -   0.6  %.  By  adding  boron  to  a  

given  s t e e l   grade  (usua l ly   0.1  to  0.4  %  C)  one  obta ins   a  l a r g e r  

m a r t e n s i t i c   hardening  depth ;   t h e r e f o r e   boron  is  used  to  s u b s t i t u t e  

a  part   of  otherwise  needed  (more  expens ive)   a l l o y i n g   e l e m e n t s .  

Pr ior   art  exper ience   r e l a t ed   to  wire  a p p l i c a t i o n s   of  bo ron  

s t e e l   inc lude  for  example  U.K.  Patent   S p e c i f i c a t i o n   1 .203 .779 ,  

d e s c r i b i n g   an  a l loyed  carbon  s tee l   c o n t a i n i n g   boron  as  an  e x t r a  

element  of  a  m u l t i - a l l o y i n g   add i t ion   of  Cr-Ti-Zr   +  Sn,  Sb  or  As, 

said  a l loyed  s tee l   r e s u l t i n g   in  a  s t r e n g t h   of  at  l e a s t   1000  N/mm  i n  

tempered  ma r t ens i t e   with  improved  r e s i s t a n c e   to  delayed  r u p t u r e .  

In  the  French  patent   2.058.914  a  bo ron -a l l oyed   carbon  s t e e l  

composi t ion  is  descr ibed   for  a p p l i c a t i o n s   of  quenched  and  tempered  

spr ings   having  a  m a r t e n s i t i c   s t r u c t u r e   and  a  s t r e n g t h   of  about  1400 

-  1700  N/mmi. 

A  German  a p p l i c a t i o n   DE  3312205  d e s c r i b e s   a  b o r o n - t r e a t e d  

low-a l loyed   carbon  s tee l   spec i fy ing   a  des i r ed   amount  of  acid  s o l u b l e  

boron  combined  with  a  small  content   of  Al  and  Ti,  e f f e c t i v e   i n  

i n c r e a s i n g   continuous  cas t ing   yield  ( s t e e l m a k i n g ) ,   whereby  s a i d  

s t e e l   composi t ion  is  intended  for  p r e s t r e s s e d   wire  of  tempered 

m a r t e n s i t i c   s t r u c t u r e   (T.S.  of  1500  N/mmt). 

U.S.  patent   2.527.731  desc r ibes   a  spr ing   wire  drawn  from  a i r  

pa tented   carbon  s tee l   wherein  the  boron  a d d i t i o n   is  intended  t o  

allow  a ir   pa t en t i ng   of  r a the r   th ick  wires  to  be  s u b s t i t u t e d   f o r  

(more  expens ive)   lead  pa ten t ing   without   s a c r i f i c e   of  u s u a l l y  

obta ined  mechanical   p r o p e r t i e s   (T.S.  of  about  1800  N/mm1). 



Nei ther   of  these  p r io r   art   p roposa ls   presumes  the  e x i s t e n c e  

of  an  unexpectedly   b e n e f i c i a l   boron  e f f e c t   in  drawn  p e a r l i t i c   w i r e s  

of  a  s t e e l   composit ion  as  s p e c i f i e d   by  the  present   inven t ion   no r  

sugges t s   the  p o s s i b i l i t y   of  taking  advantage  therefrom  to  improve 

d r a w a b i l i t y   and  mechanical  p r o p e r t i e s   of  p la in   carbon  s t ee l   wire  and 

to  a t t a i n   a  supe r io r   t e n s i l e   c l a s s .  

From  our  numerous  i n v e s t i g a t i o n s   aimed  at  r a i s i n g   u s e f u l  

s t r e n g t h   l eve l s   in  hard  drawn  p e a r l i t i c   s t ee l   wires,   and  a l s o  

intended  to  improve  r e l i a b i l i t y   and  e f f i c i e n c y   of  the  d rawing  

ope ra t i on   and  to  cont ro l   the  tendency  of  cold  work  b r i t t l e n e s s   we 

s u r p r i s i n g l y   found  that   boron  is  remarkably  e f f e c t i v e   when  p r e s e n t  

in  a  des i red   range  of  0.0005  to  0.015  %  ( p r e f e r a b l y   0.001  to  0.01  %) 

in  a  p la in   h igh-carbon  s t e e l   composi t ion  of  not  less  than  0.60 %  C 

comprising  no  other  s p e c i f i c   a l l o y i n g   a d d i t i o n s .   According  to  o u r  

f ind ings   the  use  of  bo ron-a l loyed   h igh-carbon   s t ee l   wire  allows  more 

p a r t i c u l a r l y   to  a t t a i n   l a r g e r   than  normal  t o t a l   diameter  r e d u c t i o n s  

and  higher  than  usual  s t r e n g t h   l eve l s   with  c o n s i s t e n t   d u c t i l i t y ,   and 

f u r t h e r   to  avoid  undes i r ab l e   i n c i d e n t a l   overdrawing  at  drawing 

r educ t ions   exceeding  90  %  and  thus  to  s h i f t   i n c i p i e n t   e m b r i t t l e m e n t  

to  l a rger   t o t a l   deformat ion  degrees .   Said  enlargement  in  t o t a l  

drawing  range  and  inc rease   in  usefu l   t e n s i l e   s t r eng th   l eve l s   is  most 

important   in  h igh-per formance   s t ee l   wire  manufacture  and 

a p p l i c a t i o n s   t he reo f ,   e s p e c i a l l y   in  producing  fine  (brassed)   s t e e l  

wires  for  s teel   cord  a p p l i c a t i o n s ,   which  may  be  drawn  to  over  9 5  -  

96  %  reduc t ion   in  area.   Thus,  the  growing  demand  in  indus t ry   t o  

inc rease   the  useful   s t r eng th   l i m i t s   and  the  p r a c t i c a l   r e q u i r e m e n t s  

of  c o n s i s t e n t   drawing  up  to  large  diameter   r educ t ions   with  minor  

wire  r e j e c t i o n s   are  most  advan tageous ly   met  by  the  wires  of  t h i s  

i n v e n t i o n .  

Whilst  not  wishing  to  be  r e s t r i c t e d   by  t h e o r e t i c a l   e x p l a n a -  

t ions  ( r e f e r r i n g   for  example  to  a  poss ib l e   extens ion  of  the  boron  

h a r d e n a b i l i t y   e f f ec t   in  m a r t e n s i t i c   s t ee l   to  higher  carbon  c o n t e n t s  



and  to  n o n - m a r t e n s i t i c   s t r u c t u r e s ) ,   i t   is  be l ieved  tha t   the  s p e c i f i c  

improvements  a b t a i n a b l e   by  adding  boron  in  h igh-ca rbon   s t ee l   w i re  

with  a  s u b s t a n t i a l l y   p e a r l i t i c   s t r u c t u r e   and  s u b j e c t i n g   said  s t e e l  

wire  to  large  t o t a l   p l a s t i c   deformat ions   by  drawing,  is  probably  due 

to  a  b e n e f i c i a l   synergism  of  the  boron  ac t ion   on  p e a r l i t e  

(morphology  and  s t r u c t u r a l   homogeneity)  and  on  i n t r i n s i c   s t e e l  

p l a s t i c i t y   (e .g.   more  f avorab le   i n c l u s i o n   p a t t e r n ,   reduced  s t r a i n  

aging  embr i t t l emen t   of  n i t rogen   . . . ) .  

An  a d d i t i o n a l   s u r p r i s i n g l y   advantageous  e f f e c t   of  boron  i n  

s t e e l   wire  according  to  the  p resen t   i nven t ion   is  the  c apac i ty   t o  

c o n t r o l   the  pa t en t ing   heat  t rea tment   of  said  wire  in  such  a  way  t h a t  

the  as  pa ten ted   t e n s i l e   s t r eng th   (P .T .S . )   of  p e a r l i t e   can  be  r a i s e d  

s u b s t a n t i a l l y   above  the  maximum  level   a t t a i n a b l e   with  c o n v e n t i o n a l  

s t e e l   wires  of  s imi la r   carbon  content   (without  r i sk   of  forming  h a r d  

c o n s t i t u e n t s   in  the  p e a r l i t e   s t r u c t u r e ) .   Said  maximum  s t r e n g t h   o f  

undeformed  p e a r l i t i c   s t ee l   wire  is  given  by  the  well-known  rule   o f  

thumb 

With  boron  s tee l   wire  a  s t r e n g t h   i nc rea se   of  up  to  more  t h a n  

100  N/mmi  above  the  values  of  said  rule   is  a ch i evab l e   a f t e r  

c o n t r o l l e d   i so thermal   p a t e n t i n g .   This  advantage  could  be  a t t r i b u t e d  

to  an  a d d i t i o n a l   r e f i n i n g   ac t ion   of  boron  on  i s o t h e r m a l l y  

transformmed  p e a r l i t e   (block  s i ze ,   i n t e r l a m e l l a r   d i s t a n c e )   for  a 

given  a u s t e n i t e   decomposi t ion  t empera r tu re   and  to  the  suppress ion   o f  

u n f a v o r a b l e   r eac t ion   by-products   (e .g.   b a i n i t e ,   d i v o r c e d  

p e a r l i t e , . . . )   which  tend  to  appear  when  lowering  p a t e n t i n g  

t empera tu re   to  c r i t i c a l   l eve l s   cor responding   to  f i n e s t   l a m e l l a r  

m o r p h o l o g i e s .  

The  s tee l   wires  according   to  the  present   i nven t ion   may  be 

shaped  in  any  a p p r o p r i a t e   c r o s s - s e c t i o n   ranging  from  a  r e c t a n g u l a r  

s t r i p - f o r m   (ob ta inab le   by  f l a t   r o l l i n g )   to  a  polygonal   s h a p e .  



However,  a  s u b s t a n t i a l l y   c i r c u l a r   c r o s s - s e c t i o n   is  g e n e r a l l y  

p r e f e r r e d   in  a  ma jo r i ty   of  end  uses.  They  may  be  used  wi th  

advantage  in  a  v a r i e t y   of  heavy-duty  w i r e - c o n t a i n i n g   products  such  

as,   for  example,  s t r a n d s ,   t r a c t i o n   cab les ,   ropes ,   s t ee l   cords  and 

s p r i n g s .  

A  p a r t i c u l a r   embodiment  of  the  p re sen t   inven t ion   r e l a t e s   t o  

wire  elements  formed  from  s tee l   wires  of  t h i s   inven t ion   for  use  as  a  
rubber  re inforcement   (such  as  bead  wire  and  t i r e   beads,  s t ee l   t i r e  

cord,  s tee l   belt   cord,  e t c . )   and  to  rubber  a r t i c l e s   r e i n f o r c e d  

t he r ewi th .   For  such  purposes  the  wires  are  provided  with  a  r u b b e r  

adherable   coat ing,   more  often  a  thin  brass  a l l oy   coat ing  of  0.1  to  

0.4 µm  th ickness ,   which  a l loy   comprises  at  l e a s t   55  %  of  copper  and 

p r e f e r a b l y   60  to  75  %  of  copper,  the  remainder  zinc  (and  sometimes 

l e s s e r   amounts  of  a  t e rna ry   a l l oy ing   element  such  as  cobal t   o r  

n i c k e l ) .   When  appl ied   in  s tee l   cords  for  tyre   r e in fo rcement ,   t h e  

brassed  wires  for  s t r a n d i n g   or  t w i s t i n g   into  cord  will   g e n e r a l l y  

have  a  diameter  of  from  0.10  to  0.40  mm  and  a  t e n s i l e   class  o f  

2500 -   2800  N/mmt  and  p r e f e r a b l y   more  than  2800  N/mm2. 

The  improved  r e s i d u a l   p l a s t i c i t y   of  the  high  t e n s i l e   w i r e s  

according   to  the  inven t ion   a f t e r   wire  drawing  has  proved  to  be 

p a r t i c u l a r l y   b e n e f i c i a l   with  regard  to  the  cord  making  opera t ion   and 

to  the  mechanical  p r o p e r t i e s   of  rubber ized   cord  in  tyre  se rv ice .   As 

a  r e s u l t ,   useful   t e n s i l e   s t r eng th   of  said  cord  wire  can  be  r a i s e d  

above  3000  N/mml  without   the  o therwise   o c c u r r i n g   d i f f i c u l t i e s   o f  

overdrawing,   s t r and ing   f r a c t u r e s   and  i n c o n s i s t e n t   or  u n s a t i s f a c t o r y  

cord  p r o p e r t i e s   (e .g .   poor  cord  f a t igue   l i f e ,   inc reased   tendency  t o  

b r i t t l e   and  s t r e s s   co r ros ion   c r a c k i n g ) .  

The  fol lowing  examples  will  i l l u s t r a t e   some  important  a s p e c t s  

of  the  present  inven t ion   into  more  d e t a i l ,   without  l im i t i ng   t h e  

scope  of  the  invent ion   t h e r e t o .  



In  the  t e s t   r e s u l t s   symbol ff  means  the  wire  d iamter ,   T . S .  

means  the  t e n s i l e   s t r eng th   ( s t r e s s   at  rupture   in  t e n s i l e   t e s t i n g ) ,  

El.  means  the  percent  of  to ta l   e l o n g a t i o n ,   X  means  the  pe rcen tage   o f  

r educ t ion   in  area  ( s t r i c t i o n )   at  t e n s i l e   rup tu re ,   Nb  means  t h e  

number  of  reverse  bends  unt i l   rup ture   in  the  bend  tes t   and  Nt  t h e  

number  of  t o r s i o n s   in  the  simple  t o r s ion   t e s t   where  a  length   of  100 

times  the  wire  diameter   is  twis ted  around  i t s   axis  u n t i l   i t   b r e a k s  

or  s p l i t s   l o n g i t u d i n a l l y .  

Example  1 

Table  1  shows  the  chemical  composit ion  of  a  s t ee l   w i re  

according  to  the  inven t ion   as  compared  to  a  normal  carbon  s t e e l  

wire.  Table  2  shows  the  mechanical  p r o p e r t i e s   of  the  m a n u f a c t u r e d  

wires,   in  the  as  hot  r o l l ed ,   resp.   as  pa tented  cond i t ion   and  a f t e r  

cold  d r a w i n g .  



The  r e s u l t s   of  d r a w a b i l i t y   t e s t s   and  mechanical   p r o p e r t i e s  

demonst ra te   the  s u p e r i o r i t y   of  B - s t ee l   over  normal  C - s t e e l ,   both  i n  

work  hardening  behaviour  and  in  u l t ima te   d r a w a b i l i t y   from  rod  

diameter   to  smal les t   as  poss ib le   i n t e r m e d i a t e   wire  s ize .   R e s i d u a l  

d u c t i l i t y   is  c l ea r ly   b e t t e r   r e t a ined   in  the  case  of  boron  s t e e l  

(%  s t r i c t i o n   or  p l a s t i c   necking  of  t e n s i l e   specimens,  number  o f  

t o r s i o n s   and  b e n d s ) .  



Example  2 

Boron  t r e a t e d   s t ee l   wire  and  a  music  wire  of  f i n e s t   s t e e l  

q u a l i t y ,   both  con t a in ing   about  0.80 %  C  were  predrawn  and  p a t e n t e d  

at  a  wire  diameter  of  1.50  mm  under  fo l lowing  c o n d i t i o n s  :  

a u s t e n i t i z a t i o n   930°C -  lead  bath  temperature   560°C.  After   p l a t i n g  

with  brass  the  wires  were  wet  drawn  to  a  f i na l   d iameter   of  0.30  mm. 

From  t ab le   4  it  can  be  seen  that   the  B - s t ee l   wire  reaches  s u p e r i o r  

mechanical   p r o p e r t i e s ,   even  s l i g h t l y   be t t e r   than  music  wire  q u a l i t y .  

Example  3 

Boron  s t e e l   compris ing  0.73  % C -  0.9 %  Mn -  0.25  %  S i  -   0.012 %  P  -  

0.022  S  and  0.007  B  was  t r ea ted   at  d i f f e r e n t   lead  p a t e n t i n g  

t empera tu res   and  then  cold  drawn  to  smaller  d iameters   to  e v a l u a t e  

u l t imate   s t r e n g t h e n i n g   behaviour  and  r e s idua l   d u c t i l i t y .  

Related  wire  p r o p e r t i e s   are  summarized  in  t ab le   5 .  



The  r e s u l t s   show  that   boron  s t ee l   is  deformable  to  v e r y  

high  to t a l   r educ t ions   and  gives  u l t r a - h i g h   t e n s i l e   s t r e n g t h   l e v e l s  

without   complete  loss  of  d u c t i l i t y .   Moreover  boron  s t e e l   p o s s e s s e s  

an  unexpected  capac i ty   to  r e f ine   the  p e a r l i t e   m i c r o s t r u c t u r e  

( r e g u l a b l e   in  combination  with  an  optimum  t r a n s f o r m a t i o n  

tempera ture )   with  v i r t u a l   absence  of  undes i r ab le   c o n s t i t u e n t s  

( b a i n i t e ,   divorced  p e a r l i t e   . . . )   which  are  unavoidable   i n  

convent iona l   s tee l   wire  pa ten ted   at  too  low a  t e m p e r a t u r e .  



In  th i s   way  the  "usefu l"   as  pa tented   s t r eng th   is  g r e a t l y   i n c r e a s e d ,  

thereby  p rov id ing   a  higher  than  normal  s t r a i n   hardening  ra te   and 

e x c e p t i o n a l   s t r eng th   values  in  the  f i n i shed   wire.  Compared  to  bo ron  

s t e e l   wire  of  the  present   inven t ion   i t   would  be  necessa ry   to  r a i s e  

the  carbon  content   of  convent iona l   s t ee l   wire  with  more  than  0.15  % 

in  order  to  obta in   (in  theory)  the  same  e leva ted   m e c h a n i c a l  

p r o p e r t i e s .  

In  p r a c t i c e   however,  even  the  best  q u a l i t y   of  conven t iona l   c a r b o n  

s t ee l   wire  tends  to  become  b r i t t l e   from  3300-3400  N/mmt  onwards 

which  r e s t r i c t s   i t s   f i t ne s s   for  h i g h e s t - p e r f o r m a n c e   a p p l i c a t i o n s .  

Table  6  shows  the  fa t igue   l imi t   obta ined  with  hard  drawn  c a r b o n  

s t e e l   wire  of  the  invent ion  (compare  with  t ab le   5 ) .  

The  s tee l   wires  in  accordance  with  the  i nven t ion   a t t a i n   a 

high  f a t i g u e   l imi t   and  i ts   r a t i o   to  the  u l t ima te   t e n s i l e   s t r e n g t h  

being  s t i l l   more  than  0.30  in  sp i te   of  the  e l eva ted   s t r e n g t h   l e v e l ,  

is  i n d i c a t i v e   of  the  s u p e r i o r i t y   of  boron  s t e e l   wires  in  v e r y  

demanding  a p p l i c a t i o n s .  



Example  4 

A d d i t i o n a l l y ,   the  ap t i tude   of  s t ee l   wires  of  th is   i n v e n t i o n  

has  been  eva lua ted   for  s t ee l   cord  a p p l i c a t i o n s   and  c a b l i n g  

performance.   There fo re ,   cabl ing  loss  has  been  determined  on  s t e e l  

cords  made  of  0.25  mm  f i l aments ,   resp.  from  a  boron  s t ee l   with  0 . 7 3  

%  C  and  from  a  h igh-grade   usual  carbon  s t ee l   with  0.70  %  C  and  0 . 8 5  

%  C,  of  a  chemical  composi t ion  given  below. 

Chemical  composi t ion   (%)  of  B-s teel   and  conven t iona l   s t e e l  :  

Wires  0.25  mm  of  said  s tee l   q u a l i t i e s   were  cold  drawn  to  a  

t e n s i l e   s t r e n g t h   c lass   of  3000  to  3200  N/mml .  

In  t ab le   7  below  the  p ropo r t i ona l   loss  in  t e n s i l e   s t r e n g t h  

a f t e r   s t r a n d i n g   (pe rcen tage   of  o r i g i n a l   wire  s t r e n g t h   p r ior   t o  

s t r and ing )   is  summarized  for  various  cord  c o n s t r u c t i o n s .  



From  the  r e s u l t s   i t   appears  that   the  s t e e l   wires  of  t h e  

invent ion   possess   a  much  l e s s e r   p ropens i ty   to  s t r e n g t h   loss  as  a  

r e s u l t   of  cord  manufac tu r ing ,   which  means  tha t   the  boron  s t ee l   w i r e s  

are  more  r e s i s t a n t   to  s t r u c t u r a l   damage  given  t h e i r   h igher   r e s i d u a l  

d u c t i l i t y   in  comparison  with  convent iona l   carbon  s t e e l   w i r e s .  

As  can  be  seen  from  the  examples  above  the  boron  s t ee l   w i r e  

composi t ions   in  accordance  with  the  inven t ion   e x h i b i t   improved 

drawing  performance  and  l a t e r   onset  of  embr i t t l emen t .   In  compar ison 

to  convent iona l   h igh -pe r fo rmance   s tee l   wires  the  wires  of  t h e  

inven t ion   can  a t t a i n   a  remarkable  degree  of  s t r a i n   hardening  and  can  

be  drawn  to  e x c e p t i o n a l   s t r e n g t h   l eve ls   owing  to  the  u n e x p e c t e d  

b e n e f i c i a l   e f f e c t s   of  boron  on  m i c r o s t r u c t u r e   and  d u c t i l i t y .  

It  will   be  apparen t   to  those  s k i l l e d   in  the  ar t   tha t   t h e  

advantages  of  the  p resen t   invent ion   are  r ead i ly   a p p l i c a b l e   to  minor  

changes  and  m o d i f i c a t i o n s   of  the  spec i f i ed   s t ee l   composi t ion  ( e . g .  

the  add i t i on   of  a  small  amount  of  grain  r e f i n e r s   such  as  Nb,  V,  T i ,  

Zr,  Ta ;  the  a d d i t i o n   of  d e s u l f u r i z i n g   agents  such  as  Ce,  Ca,  . . . )  

without   d e p a r t i n g   from  the  s p i r i t   or  scope  of  the  p resen t   i n v e n t i o n .  



1.  A  h i g h - s t r e n g t h   fe r rous   wire  of  s u i t a b l e   c r o s s - s e c t i o n a l  

shape  and  dimension  having  a  t e n s i l e   s t r eng th   of  at  l e a s t   2000  N/mm2 

and  a  deformed  m i c r o s t r u c t u r e   comprised  of  s u b s t a n t i a l l y   p e a r l i t e ,  

such  as  e .g.   drawn  pa tented   s t ee l   wire,  c h a r a c t e r i z e d   in  tha t   i t   i s  

composed  of  bo ron-mic roa l loyed   p la in   carbon  s t ee l   c o n t a i n i n g ,   i n  

pe rcen tage   by  weight,   0.6  to  1.2  %  C,  0  to  1  %  Si,  0  to  1 %  Mn,  0  t o  

0.035  %P,  0  to  0.035  %  S,  0  to  0.01  %  N,  0.0005  to  0.015  B and 

p r e f e r a b l y   0.001  to  0.010  %  B,  the  balance  Fe  and  i n c i d e n t a l   impu- 

r i t i e s ,   which  wire  thereby  a t t a i n s   an  e f f e c t i v e   improvement  in  d u c t i -  

l i t y   p r o p e r t i e s   and  deformat ion  capac i ty   (well  beyond  2000  N/mm2) 

over  bo ron - f r ee   carbon  s t ee l   g r a d e s .  

2.  A  drawn  p e a r l i t i c   s t ee l   wire  according  to  claim  1  having  a  

diameter   of  up  to  2  mm  and  a  t e n s i l e   s t r eng th   in  excess  of  2200 
N/mm2  and  f u r t h e r   d i s p l a y i n g   an  enhanced  p l a s t i c i t y   and  t o r s i o n a l  

d u c t i l i t y   compared  to  bo ron- f ree   convent iona l   carbon  s t ee l   wires  o f  

s i m i l a r   s t r e n g t h .  

3.  A  drawn  p e a r l i t i c   s t ee l   wire  according  to  claim  2  h a v i n g  

d iameter   of  from  0.05  to  1  mm  and  a  useful   s t reng th   of  at  l e a s t  

2500  N/mmt ,  which  s t r eng th   axceeds  2700  N/mml  for  wire  d i a m e t e r s  

below  0.5  mm. 

4.  Improved  h igh-duty   wire  products   such  as  sp r ings ,   c a b l e s ,  

ropes,   s t ee l   cords  and  the  l ike  composed  of  s t ee l   wires  as  s p e c i f i e d  

in  any  one  of  claims  1  to  3. 

5.  Wire  elements  and  s t ee l   cords  for  use  in  r ubbe r  

r e in fo rcemen t   composed  of  s t ee l   wires  according  to  claims  2  and  3, 

wherein  said  s t ee l   wires  are  covered  with  a  rubber  adherable   c o a t i n g .  



6.  A  drawn  p e a r l i t e   s tee l   wire  of  more  than  2200  N/mm  i n  

t e n s i l e   s t r e n g t h   having  an  improved  p r a c t i c a l   p roces s ing   a p t i t u d e   t o  

higher   than  normal  usefu l   s t rength   l eve l s   in  the  absence  o f  

i n c o n s i s t e n t   d u c t i l i t y ,   overdrawing  f a i l u r e s   or  o therwise   i n t r o d u c e d  

cold  work  e m b r i t t l e m e n t ,   which  wire  is  b a s i c a l l y   composed  o f  

unal loyed  carbon  s t e e l   conta in ing   0.6  to  1.2 %  C,  0  to  0.35  %  S i ,  

less   than  0.60 %  Mn,  less   than  0.025 %  P,  l ess   than  0.025  %  S,  l e s s  

than  0.008  %  N,  the  remainder  Fe  and  a  minor  amount  i n e v i t a b l e  

i m p u r i t i e s   ( i n c l u s i o n s   and  res idua l   e lements)   not  exceeding  0.20  %, 

which  base  composi t ion  is  improved  by  the  a d d i t i o n   of  boron  in  a  

c o n c e n t r a t i o n   range  of  from  0.001  to  0.010  %  B. 

7.  A  drawn  p e a r l i t i c   s tee l   wire  according   to  claim  6,  improved 

in  tha t   the  impur i ty   level   of  r e s idua l   elements  in  said  h i g h - c a r b o n  

boron  s t e e l   is  r e s t r i c t e d   as  f o l l o w s  :  

Al :  max.  0.01 %  and  p r e f e r a b l y   max.  0 .005 % 

(Cu  +  Cr  +  Ni  +  Mo  +  Co  +  W  +  Ti  +  nb  +  V  +  . . . )  :   max. 

0.15  %  and  p r e f e r a b l y   max.  0.12  %. 

Sn  +  As  +  Sb  +  Pb :  max.  0.01  % 

which  composi t ion  al lows  an  a d d i t i o n a l   improvement  in  ( f ine)   w i r e  

d r a w a b i l i t y   and  the  achievement  of  a  wire  with  supe r io r   mechan ica l  

p r o p e r t i e s .  

8.  A  s t e e l   wire  element  for  use  in  rubber  r e i n f o r c e m e n t  

composed  of  one  or  more  s tee l   wires  of  max.  2  mm  diameter   having  a  

composi t ion  and  s t r e n g t h   as  spec i f i ed   in  claim  6  or  7,  which  w i r e s  

are  covered  with  a  rubber  adherent  c o a t i n g .  

9.  A  s t ee l   cord  composed  of  drawn  s t ee l   wires  according  t o  

claim  6  or  7,  which  wires  contain  0 .6  -   1  %  C  and  have  a  diameter   o f  

0.1  to  0.4  mm  and  a  t e n s i l e   s t r eng th   of  at  l e a s t   2800  N/mm2,  and 

p r e f e r a b l y   not  less   than  3000  N/mmt,  and  are  covered  with  a  r u b b e r  

adherab le   brass  coa t ing   before  being  twis ted   to  a  des i red   cord  f o r  

use  in  t i r e   r e i n f o r c e m e n t .  



10.  A  rubber  a r t i c l e   r e i n f o r c e d   with  a  s t ee l   wire  or  with  a  

s t ee l   w i r e - c o n t a i n i n g   product  according  to  any  one  of  claims  5  to  9. 
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