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(§v  Abrasion-resistant  steel. 

©  An  abrasion-resistant  steel  consists  essentially  of  0.05  to  0.45  wt.  %  C,  0.1  to  1  wt.  %  Si,  0.1  to  2  wt.  %  Mn, 
0.05  to  1.5  wt.%  Ti  and  the  balance  being  Fe  and  inevitable  impurities,  the  steel  includes  at  least  200  of 
precipitates  of  1.0  urn  or  more  in  particle  size  per  1  mm2  and  the  precipitates  contains  Ti. 

In  addition  to  the  above  basic  elements,  at  least  one  element  selected  from  the  group  consisting  of  0.1  to  2 
wt.  %  Cu,  0.1  to  10  wt.  %  Ni,  0.1  to  3  wt.%  Cr,  0.1  to  3  wt.  %  Mo  and  0.0003  to  0.01  wt.%  B  may  be  added  to 
the  steel  or  at  least  one  element  selected  from  the  group  consisting  of  0.005  to  1  wt.%  Nb  and  0.01  to  1  wt.%  V 
may  also  or  alternatively  be  added  to  the  steel. 
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The  present  invention  relates  to  an  abrasion  resistant  steel  used  in  the  fields  of  construction,  civil 
engineering  and  mining  such  as  in  power  shovel,  bulldozer,  hopper  and  bucket. 

This  is  a  continuation-in-part-application  of  Serial  No.07/621  ,587  filed  on  December  3,  1990. 
Abrasion  resistant  steels  are  used  in  the  fields  of  construction,  civil  engineering  and  mining  such  as  in 

5  power  shovel,  bulldozer,  hopper  and  bucket  to  keep  the  service  lives  of  these  machines  or  their  parts.  Since 
abrasion  resistance  of  steel  is  increased  by  increasing  hardness  of  steel,  steel  having  a  high  hardness 
manufactured  by  applying  heat  treatments  such  as  quenching  and  the  like  to  an  alloyed  steel  has 
previously  been  used. 

Methods  for  manufacturing  an  abrasion-resistant  steel  with  high  hardness  are  disclosed  in  Japanese 
w  Patent  Application  Laid  Open  No.  142726/87,  No.  169359/88  and  No.  142023/89.  It  is  an  object  of  those 

methods  to  obtain  an  abrasion-resistant  steel  by  determining  the  Brinell  Hardness  of  steel  at  about  300  or 
more  and  improving  weldability,  toughness  and  workability  in  bending.  That  is,  the  abrasion  resistance  of 
steel  is  obtained  by  attaining  a  high  hardness  of  steel. 

In  recent  years,  however,  the  properties  required  for  abrasion-resistant  steel  have  become  severer  and 
75  the  essential  solution  to  a  higher  abrasion  resistance  of  steel  will  not  be  obtained  by  simply  increasing  the 

hardness  of  steel.  When  the  hardness  of  steel  is  greatly  increased  on  the  basis  of  the  conventinal 
technology,  weldability  and  workability  of  steel  deteriorate,  and  the  production  cost  greatly  increases  due  to 
a  high  alloying.  Accordingly,  it  is  easily  anticipated  that  it  is  difficult  in  practical  use  to  greatly  increase  the 
hardness  of  steel  for  the  purpose  of  increasing  the  abrasion  resistance  of  commercial  steel. 

20  The  present  invention  is  devised  from  a  viewpoint  quite  different  from  the  aforementioned  idea  on  the 
production  of  abrasion-resistant  steel,  namely,  the  idea  of  increasing  the  abrasion  resistance  of  steel  by 
attaining  a  high  hardness. 

It  is  an  object  of  the  present  invention  to  provide  an  abrasion-resistant  steel  obtained  by  increasing  only 
the  abrasion  resistance  of  steel  without  greatly  increasing  the  hardness  of  steel. 

25  The  present  invention  provides  an  abrasion-resistant  steel  consisting  essentially  of  0.05  to  0.45  wt.%  C, 
0.1  to  1  wt.%  Si,  0.1  to  2  wt.%  Mn,  0.05  to  1.5  wt.%  Ti  and  the  balance  being  Fe  and  inevitable  impurities, 
said  steel  including  at  least  200  of  precipitates  of  1  .0  urn  or  more  in  average  particle  size  per  1  mm2  and 
said  precipitates  containing  Ti. 

The  present  invention  provides  another  abrasion-resistant  steel  consisting  essentially  of  0.05  to  0.45 
30  wt.%  C,  0.1  to  1  wt.%  Si,  0.1  to  2  wt.%  Mn,  0.05  to  1.5  wt.%  Ti,  at  least  one  element  selected  from  the 

group  consisting  of  0.1  to  2  wt.%  Cu,  0.1  to  10  wt.%  Ni,  0.1  to  3  wt.%  Cr,  0.1  to  3  wt.%  Mo  and  0.0003  to 
0.01  wt.%  B  and  the  balance  being  Fe  and  inevitable  impurities,  said  steel  including  at  least  200  of 
precipitates  of  1.0  urn  or  more  in  average  particle  size  per  1  mm2  and  said  precipitates  containing  Ti. 

The  present  invention  provides  still  another  abrasion-resistant  steel  consisting  essentially  of  0.05  to  0.45 
35  wt.%  C,  0.1  to  1  wt.%  Si,  0.1  to  2  wt.%  Mn,  0.05  to  1.5  wt.%  Ti,  at  least  one  element  selected  from  the 

group  consisting  of  0.005  to  1  wt.%  Nb  and  0.01  to  1  wt.%  V  and  the  balance  being  Fe  and  inevitable 
impurities,  said  steel  including  at  least  200  of  precipitates  of  1  .0  urn  or  more  in  average  particle  size  per  1 
mm2  and  said  precipitates  containing  Ti. 

The  present  invention  provides  yet  another  abrasion-resistant  steel  consisting  essentially  of  0.05  to  0.45 
40  wt.%  C,  0.1  to  1  wt.%  Si,  0.1  to  2  wt.%  Mn,  0.05  to  1.5  wt.%  Ti,  at  least  one  element  selected  from  the 

group  consisting  of  0.1  to  2  wt.%  Cu,  0.1  to  10  wt.%  Ni,  0.1  to  3  wt.%  Cr,  0.1  to  3  wt.%  Mo  and  0.0003  to 
0.01  wt.%  B,  at  least  one  element  selected  from  the  group  consisting  of  0.005  to  1  wt.%  Nb  and  0.01  to  1 
wt.%  V  and  the  balance  being  Fe  and  inevitable  impurities,  said  steel  including  at  least  200  of  precipitates 
of  1.0  urn  or  more  in  average  particle  size  per  1  mm2  and  said  precipitates  containing  Ti. 

45  The  above  objects  and  other  objects  and  advantages  of  the  present  invention  will  become  apparent 
from  the  following  detailed  description,  taken  in  conjunction  with  the  appended  drawings.  Figure  1  is  a 
graphical  representation  showing  the  relationship  between  the  added  amount  of  titanium  and  the  number  of 
precipitate  of  the  present  invention; 

Figure  2  is  a  graphical  representation  showing  the  relationship  between  the  number  of  coarse 
50  precipitates  of  1  .0  to  50  urn  in  average  particle  size  per  1  mm2  and  the  abrasion  resistance  of  the  present 

invention;  and 
Figure  3  is  a  graphical  representation  showing  in  detail  the  range  of  2000  of  coarse  precipitates  or  less 

per  1  mm2  in  Figure  2. 
The  most  significant  feature  of  the  present  invention  is  to  increase  the  abrasion  resistance  of  steel  by 

55  adding  a  great  amount  of  titanium  to  steel  and  effectively  utilizing  hard  coarse  precipitates  containing 
titanium.  Accordingly,  it  is  unnecessary  in  the  present  invention  to  enhance  hardness  of  abrasion-resistant 
steel  by  only  transforming  the  structure  of  steel  to  a  martensite,  which  is  the  conventional  way  of  enhancing 
the  abrasion  resistance  of  steel. 
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The  conventional  abrasion-resistant  steel  obtained  by  adding  titanium  to  the  steel  is  known.  In  the 
conventional  way,  the  purpose  of  addition  of  titanium  to  steel  is  mainly  to  fix  nitrogen  as  TiN  liable  to 
combine  with  B  in  order  to  secure  solution  boron  effective  for  quenching  hardenability,  and  the  added 
amount  of  Ti  is  about  0.02  wt.%  or  less.  The  addition  of  a  large  quantiy  of  titanium  to  steel  has  been 

5  generally  limited  due  to  the  oxidation  of  titanium  in  the  steel  making  stage,  clogging  of  nozzles  and  reaction 
of  titanium  with  an  oxidation  preventing  powder  in  the  casting  stage.  Therefore,  the  effect  of  the  addition  of 
a  large  quantity  of  titanium  to  steel  has  been  not  yet  known. 

When  attempts  are  made  to  produce  the  effect  (  precipitation  hardening  )  of  an  increase  of  the  strength 
of  steel  by  using  TiC,  about  0.05  wt.%  Ti  is  often  added  to  steel.  For  the  precipitation  hardening,  the 

io  particle  size  of  a  precipitate  has  been  required  to  limit  to  0.1  urn  or  less. 
The  inventors  found  after  having  conducted  their  detailed  examination  that  the  abrasion  resistance  of 

steel  could  be  greatly  increased  by  adding  a  great  amount  of  titanium  to  steel  and  causing  coarse 
precipitates  of  1.0  urn  or  more  in  average  particle  size  consisting  mainly  of  TiC  or  TiN  as  precipitates, 
which  do  not  contirbute  to  the  precipitation  hardening,  to  precipitate  and  disperse  in  large  quantities.  The 

is  feature  of  the  present  invention  is  not  only  to  simply  add  a  large  quantity  of  titanium  to  steel,  but  also  to 
utilize  the  coarse  precipitates  of  1  .0  urn  or  more  in  average  particle  size,  which  have  not  been  considered 
completely  in  a  traditional  common  sense  and  moreover  have  been  regarded  as  rather  harmful.  Since  those 
coarse  precipitates  do  not  contribute  to  the  precipitation,  hardening,  the  strength  and  hardness  of  steel  are 
not  increased.  Accordingly,  only  the  abrasion-resistance  of  steel  of  the  present  invention,  which  has  a 

20  hardness  equal  to  that  of  the  prior  art  steel  or  smaller  than  that  of  the  prior  art  steel,  can  be  greatly 
increased. 

The  precipitates  in  steel  of  the  present  invention  are  composed  of  TiC,  TiN  and  TiS.  Precipitates  of 
NbC  and  NbN  are  present  in  steel,  to  which  Nb  is  added.  Precipitates  of  VC  and  VN  are  present  in  steel,  to 
which  V  is  added.  Precipitates  of  Nb  C,  NbN,  VC  and  VN  are  simultaneously  present  in  steel,  to  which  Nb 

25  and  V  are  added.  Precipitates  containing  Ti,  Nb  and  V  simultaneously  are  also  present  in  the  steel.  As 
described  above,  in  increasing  the  abrasion  resistance  of  steel,  the  precipitates  containing  Ti  are  most 
effective.  The  precipitates  containing  Nb  and  V  are  also  effective  in  an  increase  of  the  abrasion  resistance 
of  steel. 

The  reason  why  the  contents  of  elements  of  the  invented  steel  are  specified  will  now  be  descirbed  as 
30  follows: 

C  is  an  indispensable  element  in  formation  of  the  precipitates  containing  Ti  and  has  an  effect  of 
increase  of  the  hardness  of  steel.  When  a  great  amount  of  C  is  added  to  steel,  the  weldability  and 
workability  of  steel  are  deteriorated.  Therefore,  the  upper  limit  of  addition  of  C  is  determined  at  0.45  wt.%. 
The  lower  limit  of  addition  of  C  is  determined  at  0.05  wt.%  which  is  an  amount  necessary  for  realizing  the 

35  effect  of  TiC  as  one  of  the  precipitates  containing  Ti. 
Si  is  an  element  effective  in  deoxidation  process  of  steel  making  and  a  minimum  addition  of  0.1  wt.%  Si 

is  required  for  this  purpose.  Si  is  also  an  effective  element  for  solution  hardening.  However,  an  addition  of 
Si  to  steel  over  1  wt.%  lowers  the  toughness  of  steel  and  increases  inclusions  in  steel. 

In  consequence,  the  content  of  Si  in  steel  is  limited  to  a  range  of  from  0.1  to  1  wt.%. 
40  Mn  is  an  element  effective  in  quenching  hardenability  of  steel.  From  this  point  of  view,  at  least  0.1  wt.% 

Mn  is  required  for  this  purpose.  However,  when  the  Mn  content  exceeds  2  wt.%,  the  weldability  of  steel  is 
deteriorated.  Therefore,  the  Mn  content  is  determined  at  0.1  to  2  wt.%. 

Ti  is  one  of  the  most  important  elements  as  is  C.  The  addition  of  at  least  0.05  wt.%  Ti  is  required  to 
stably  form  a  great  amount  of  coarse  precipitates  containing  Ti.  The  addition  of  0.2  wt.  %  Ti  or  more  is 

45  preferable  to  stably  generate  a  greater  amount  of  precipitates  containing  Ti  and  to  secure  a  better  abrasion 
resistance  of  steel.  Figure  1  is  a  graphical  representation  showing  the  relationship  between  the  added 
amount  of  Ti  and  the  number  of  the  precipitates  containing  Ti.  When  more  than  1.5  wt.%  Ti  is  added  to 
steel,  the  steel  possesses  good  abrasion  resistance.  However,  a  high  cost  is  required  for  the  production. 
The  weldability  and  workability  of  steel  lowered.  The  quenching  hardenability  of  steel  is  also  lowered. 

50  Therefore,  the  Ti  content  is  required  to  be  0.05  to  1.5  wt.%  and  preferably  0.2  to  1.5  wt.%. 
In  addition  to  the  above  basic  elements,  if  necessary,  at  least  one  element  selected  from  the  group 

consisting  of  Cu,  Ni,  Cr,  Mo  and  B  can  be  added  to  steel  within  the  following  range  to  enhance  the 
quenching  hardenability. 

Cu  is  an  element  for  enhancing  the  quenching  hardenability  of  steel.  However,  when  the  Cu  content  is 
55  below  0.1  wt.%,  the  effect  is  not  sufficient.  When  the  Cu  content  exceeds  2  wt.%,  the  hot  workability  of 

steel  is  lowered  and  the  production  cost  is  increased.  Therefore,  the  Cu  content  is  determined  at  0.1  to  2 
wt.%.  Moreover,  to  prevent  the  production  cost  from  increasing  and  to  secure  the  effect  of  addition  of  Cu  to 
steel,  the  Cu  content  is  desired  to  be  in  the  range  of  0.2  to  1.0  wt.%. 
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Ni  is  an  element  which  enhances  the  quenching  hardenability  of  steel.  When  the  Ni  content  is  below  0.1 
wt.%,  the  effect  is  not  sufficient.  When  the  Ni  content  exceeds  10  wt.%,  the  production  cost  is  greatly 
increased.  Therefore,  the  Ni  content  is  determined  at  0.1  to  10  wt.%.  Ni  also  is  effective  in  increase  of  the 
low-temperature  toughness.  To  prevent  the  production  cost  from  increasing  and  to  secure  the  effect  of 

5  addition  of  Ni  to  steel,  the  Ni  content  is  desired  to  be  from  0.2  to  1.5  wt.%. 
Cr  is  an  element  which  enhances  the  quenching  hardenabiltiy  of  steel.  When  the  Cr  content  is  below 

0.1  wt.%,  the  effect  is  not  sufficient.  When  the  Cr  content  exceeds  3  wt.%,  the  weldability  of  steel  is 
deteriorated  and  the  production  cost  is  increased.  Therefore,  the  Cr  content  is  determined  at  0.1  to  3  wt.%. 
To  prevent  the  production  cost  from  increasing  and  to  secure  the  effect  of  addition  of  Cr  to  steel,  the  Cr 

io  content  is  desired  to  be  from  0.2  to  1  .5  wt.%. 
Mo  is  an  element  which  enhances  the  quenching  hardenabiltiy  of  steel.  When  the  Mo  content  is  below 

0.1  wt.%,  the  effect  is  not  sufficient.  When  the  Mo  content  exceeds  3.0  wt.%,  the  weldability  of  steel  is 
deteriorated  and  the  production  cost  is  increased.  Therefore,  the  Mo  content  is  determined  at  0.1  to  3  wt.%. 
The  Mo  content  is  desired  to  be  from  0.1  to  1  wt.%  in  terms  of  the  production  cost. 

is  B  is  an  element  whose  quenching  hardenability  is  enchanced  by  adding  a  very  small  amount  of  B  to 
steel.  When  the  B  content  is  below  0.0003  wt.%,  ,the  effect  is  not  sufficient.  When  the  B  content  exceeds 
0.01  wt.%,  the  weldability  of  steel  is  deteriorated  and  simultaneously  the  quenching  hardenability  of  steel  is 
lowered.  Therefore,  the  B  content  is  determined  at  0.0003  to  0.01  wt.%.  To  prevent  the  production  cost 
from  increasing  and  to  secure  the  effect  of  addition  of  B  to  steel,  the  B  content  is  desired  to  be  from  0.0005 

20  to  0.005  wt.%. 
To  increase  the  precipitation  hardening  in  steel  in  the  present  invention,  at  least  one  element  selected 

from  the  group  consisting  of  Nb  and  V  can  be  added  to  steel  within  the  following  range: 
Nb  is  an  element  effective  in  the  precipitation  hardening  of  steel  and  can  control  the  hardness  of  steel 

according  to  the  use  of  steel.  When  the  Nb  content  is  below  0.005  wt.%,  the  effect  is  not  sufficient.  Nb  is 
25  also  effective  in  forming  coarse  precipitates  as  is  Ti.  When  the  Nb  content  is  over  1  wt.%,  the  weldability  of 

steel  is  deteriorated.  Therefore,  the  Nb  content  is  required  to  be  from  0.005  to  1  wt.%.  To  prevent  the 
production  cost  from  increasing  and  to  secure  the  effect  of  addition  of  Nb  to  steel,  the  Nb  content  is  desired 
to  be  from  0.01  to  0.5  wt.%. 

V  is  an  element  effective  in  the  precipitation  hardening  and  can  control  the  hardness  of  steel  according 
30  to  the  use  of  steel.  When  the  V  content  is  below  0.01  wt.%,  the  effect  is  not  sufficient.  V  is  also  effective  in 

formation  of  coarse  precipitates  as  is  Ti.  However,  when  the  V  content  exceeds  1  wt.%,  the  weldability  of 
steel  is  deteriorated.  Therefore,  the  V  content  is  required  to  be  from  0.01  to  1  wt.%.  To  prevent  the 
production  cost  from  increasing  and  to  secure  the  effect  of  addition  of  V  to  steel,  the  V  content  is  desired  to 
be  from  0.03  to  0.5  wt.%. 

35  The  steel  of  the  present  invention  is  manufactured  on  condition  that  200  or  more  of  coarse  precipitates 
of  1  .0  urn  in  average  particle  size  containing  titanium  are  present  per  1  mm2. 

The  abrasion  resistance  of  steel  as  the  most  important  feature  of  steel  of  the  present  invention  can  be 
obtained  by  causing  the  coarse  precipitates  containing  Ti  to  be  present  in  large  quantities  in  the  steel. 
When  the  precipitates  have  a  small  average  particle  size  of  less  than  1  urn,  the  effect  of  increasse  of  the 

40  abrasion  resistancce  is  small.  Moreover,  since  the  precipitates  having  such  a  small  particle  size  is 
accompanied  by  the  increase  of  the  hardness  and  strength  of  steel  due  to  the  precipitation  hardening,  the 
object  of  the  present  invention  cannot  be  attained.  Accordingly,  the  object  of  the  composition  of  the  present 
invention  is  the  coarse  precipitates  of  1  urn  or  more  in  average  particle  size. 

However,  even  in  the  case  where  the  precipitates  of  1  urn  or  more  in  average  particle  size  are  present 
45  in  steel,  when  the  number  of  precipitates  per  1  mm2  is  less  than  200,  there  is  little  effect  of  increase  of  the 

abrasion  resistance  of  steel.  It  is  understood  that  a  great  amount  of  precipitates  numbering  200  /mm2  or 
more  are  required  to  obtain  the  effect  of  increase  of  a  good  abrasion  resistance  of  steel.  Accordingly,  the 
steel  of  the  present  invention  can  be  manufactured  on  condition  that  200  or  more  of  coarse  precipitates  of 
1.0  urn  in  average  particle  size  containing  titanium  are  present  per  1  mm2.  500  or  more  of  coarse 

50  precipitates  containing  Ti  per  1  mm2  are  desired  to  obtain  a  better  abrasion  resistance  of  steel. 
Figures  2  and  3  are  graphical  representation  showing  the  relationship  between  the  amount  (  the  number 

of  the  precipitates  per  1  mm2  )  of  the  coarse  precipitates  containing  Ti  and  the  abrasion  resistance  of  steel  ( 
the  abrasion  resistance  ratio  =  the  magnification  of  the  abrasion  resistance  of  the  objective  steel  when  the 
abrasion  resistance  of  a  soft  steel  is  determined  at  1  ).  According  to  this  graphical  representation,  it  is 

55  clearly  seen  that  when  the  number  of  the  precipitates  is  200  /mm2  or  more,  a  good  abrasion  resistance  of 
steel  can  be  obtained  and  that  when  the  number  of  the  precipitates  is  500  /mm2  or  more,  a  better  abrasion 
resistance  of  steel  can  be  obtained. 

4 
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However,  since  the  coarse  precipitates  containing  Ti  of  more  than  50  urn  in  average  particle  size  are 
liable  to  drop  out,  the  effect  of  increase  of  the  abrasion  resistance  cannot  be  expected.  Besides  this,  since 
the  toughness  of  steel  is  greatly  decreased  when  such  extremely  coarse  precipitates  are  present  in  steels 
in  large  quantities,  it  is  better  that  the  coarse  precipitates  containing  Ti  of  more  than  50  urn  in  average 

5  particle  size  are  not  present  in  steel.  Accordingly,  it  is  desirable  that  200  or  more  of  precipitates  of  50  urn 
or  less  in  average  particle  size  are  present  per  1  mm2. 

In  the  present  invention,  if  200  or  more  of  precipitates  of  1  urn  in  average  particle  size  per  1  mm2, 
preferably  500  or  more  of  precipitates,  are  present,  the  predetermined  abrasion  resistance  can  be  obtained. 
So  long  as  the  condition  as  mentioned  above  is  satisfied,  it  is  no  trouble  that  precipitates  other  than 

io  precipitates  including  titanium  are  present  or  precipitates  of  less  than  1  urn  containing  Ti  are  present. 
Since  a  desired  abrasion  resistance  of  steel  of  the  present  invention  can  be  obtained  by  only  specifying 

the  composition  of  the  steel  and  the  precipitation  containing  Ti,  it  is  not  necessary  to  specify  the  working 
condition  and  heat  treatment  condition.  Accordingly,  the  heat  treatments  such  as  quenching,  annealing, 
aging  and  stress  relief  annealing  can  be  executed  optionally  and  even  when  those  heat  treatments  of  the 

is  steel  are  carried  out,  the  feature  of  the  steel  of  the  present  invention  cannot  be  impaired. 
To  generate  the  aforementioned  coarse  precipitations  of  1  .0  urn  or  more  in  particle  size,  it  is  necessary 

to  control  a  solidification  rate  of  steel  during  casting  of  the  steel.  The  solidification  rate  is  required  to  be  102 
[°C/min  ]  or  less.  When  the  solidification  rate  exceeds  102  [°C  /min  ],  the  solidification  rate  is  extremely 
great.  Even  if  an  amount  of  Ti  satisfying  the  conditions  of  the  present  invention  is  added  to  steel,  the 

20  precipites  become  fine  as  a  whole  and  it  becomes  difficult  to  generate  200/mm2  of  precipitates  of  1  urn  or 
more  in  average  particle  size,  which  should  be  the  condition  of  the  present  invention.  However,  since  the 
solidification  rate  of  less  than  1/102  [  °C/min]  is  too  slow,  the  aforementioned  extremely  coarse  precipitates 
of  more  than  50  urn  are  liable  to  be  generated.  Accordingly,  the  solidification  rate  is  desired  to  be  1/102  [ 
°  C/min  ]  or  more. 

25  Steel  of  the  present  invention  is  desired  to  have  hardness  of  550  or  less  as  a  hardness  level  of  steel  for 
practical  use. 

Example 

30  The  chemical  compositions  of  samples  are  shown  in  Tables  1  to  3.  Samples  of  from  A  to  Z  and  from 
"a"  to  "c"  are  made  of  steel  of  the  present  invention.  Samples  of  from  ©  to  @  are  made  of  the  steel  for 
comparison.  The  comparison  steels  ©  and  (2)  are  steels  whose  Ti  content  is  beyond  the  range  of  the 
present  invention.  The  steels  ©  and  @  for  comparison  are  steels  whose  C  content  is  beyond  the  range  of 
the  present  invention  (  the  Ti  content  is  within  the  range  of  the  present  invention  ). 

35  The  process  of  making  steels  (  15  mm  in  thickness  )  manufactured  by  using  each  of  the  samples,  the 
abrasion  resistance  ratio,  the  hardness  HB  (  the  Brinell  Hardness  on  the  surface  of  the  samples  )  and  the 
amount  of  precipitates  (  the  number  of  precipitates  of  from  1  .0  to  50  urn  in  average  particle  size  per  1  mm2) 
are  shown  in  Tables  4  to  6. 

The  abrasion  resistance  ratio  is  a  ratio  estimated  by  a  change  of  weight  of  steel  in  an  abrasion 
40  resistance  test.  In  this  test,  when  the  abrasion  resistance  of  soft  steel  is  determined  at  1  .0,  the  magnification 

of  the  abrasion  resistance  of  a  sample  is  represented  as  an  abrasion  resistance  of  the  sample.  The  abrasion 
resistance  of  the  sample  is  represented  with  the  foumula:  [  abraded  weight  of  the  soft  steel/  abraded  weight 
of  the  sample  ].  Accordingly,  the  greater  the  abrasion  resistance  ratio  of  steel,  the  better  the  abrasion 
resistance  of  steel.  Silica  sand  containing  100%  Si02  was  used  as  abrasives. 

45  The  processes  in  the  Tables  are  classified  as  follows: 
AR:  as  rolled; 
RQ:  as  quenched  after  heated  to  900  °C  following  the  rolling  and  air-cooling; 
RQT:  as  tempered  at  the  temperature  shown  in  the  parenthesis  after  RQ  treatment; 
DQ:  as  directly  quenched  after  finish  rolled  at  880  °C  following  the  heating  of  the  slab  at  1150°C  ; 

50  DQT:  as  tempered  at  the  temperature  shown  in  the  parenthesis  following  DQ;  and 
QT:  as  tempered  at  the  temperature  shown  in  the  parenthesis  following  Q. 
The  steel  for  comparison  ©  corresponds  to  the  steel  A,  B-1  and  D  of  the  present  invention  and  the  Ti 

content  is  below  the  lower  limit  specified  by  the  present  invention.  The  number  of  precipitates  of  1.0  urn  or 
more  in  particle  size  also  is  below  the  lower  limit  specified  by  the  present  invention.  The  abrasion 

55  resistance  ratio  of  the  steel  for  comparison  ©  is  4.9.  On  the  other  hand,  the  abrasion  resistance  ratio  of 
steel  A  of  the  present  invention  is  6.5.  The  abrasion  resistance  ratio  of  steel  B-1  is  8.3.  The  abrasion 
resistance  ratio  of  steel  D  is  9.3.  Although  the  abrasion  resistances  of  the  steels  of  the  present  invention  are 
various  depending  on  the  Ti  contents  and  the  number  of  the  coarse  precipitates,  the  abrasion  resistance  of 

5 
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the  steel  D  of  the  present  invention  is  increased  about  twice  as  many  as  that  of  the  steel  for  comparison  © .  
The  hardness  of  the  steel  of  the  present  invention  is  rather  lower  than  that  of  the  steel  for  comparison  © .  
Therefore,  it  is  clearly  seen  that  the  object  of  the  present  invention,  which  is  to  increase  only  the  abrasion 
resistance  of  steel  without  enhancing  the  hardness  of  the  steel,  is  attained. 

5  Similarly,  the  steel  for  comparison  (2)  corresponds  to  the  steel  L  and  N  of  the  present  invention.  It  is 
clearly  seen  that  the  abrasion  resistance  superior  to  that  of  the  steel  for  comparison  can  be  obtained  in  any 
of  the  steel  of  the  present  invention.  The  steel  for  comparison  ©  corresponds  to  the  steel  B-1.  Although  the 
Ti  content  satisfies  the  conditions  of  the  present  invention,  the  mumber  of  the  coarse  precipitates  of  1.0  urn 
or  more  in  particle  size  is  below  the  lower  limit  specified  by  the  present  invention  since  the  C  content  is 

io  below  the  lower  limit  specified  by  the  present  invention.  Therefore,  it  is  clearly  seen  that  the  abrasion 
resistance  of  the  steel  for  comparison  is  greatly  inferior  to  that  of  the  steel  of  the  present  invention.  In  the 
steel  for  comparison  @  ,  the  contents  of  alloying  elements  other  than  C  and  the  number  of  the  coarse 
precipitates  are  beyond  the  range  of  the  present  invention  and  only  the  C  content  is  higher  than  the  upper 
limit  specified  by  the  present  invention.  Although  the  abrasion  resistance  of  the  steel  for  comparison  @  is 

is  good,  the  steel  has  a  very  high  hardness  of  616.  In  consequence,  the  workability  and  weldability  of  the  steel 
is  greatly  inferior  to  those  of  the  steel  of  the  present  invention.  The  steel  for  comparison  cannot  be  put  to 
parctical  use. 

As  described  above,  steel  of  the  present  invention  has  a  good  abrasion  resistance,  having  the  hardness 
equal  to  or  below  that  of  the  conventional  steel.  The  steel  of  the  present  invention  is  a  good  abrasion- 

20  resistant  steel  having  a  good  abrasion  resistance,  workability  and  weldability,  which  has  been  ever  seen. 
Therefore,  it  becomes  possible  to  greatly  increase  the  service  lives  of  spare  parts  of  machines  which  have 
been  greatly  abraded  and  have  had  a  short  service  lives,  and  the  spare  parts  which  requre  complicated 
working  and  an  abrasion  resistance  can  be  easily  manufactured. 
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Z Z O O Q - D L   3  3  

An  abrasion-resistant  steel  characterized  in  that  it  comprises  0.05  to  0.45  wt.  %  C,  0.1  to  1  wt.  %  Si, 
0.1  to  2  wt.  %  Mn,  0.05  to  1.5  wt.  %  Ti  and  the  balance  being  Fe  and  inevitable  impurities  and  in  that 
said  steel  includes  at  least  200  of  precipitates  of  1  urn  or  more  in  average  particle  size  per  1  mm2  and 
in  that  said  precipitates  contain  Ti. 

An  abrasion-resistant  steel  as  claimed  in  claim  1  ,  characterized  in  that  Ti  content  is  from  0.2  to  1  .5  wt. 
%. 

An  abrasion-resistant  steel  as  claimed  in  claim  1  or  claim  2,  characterized  in  that  said  steel  includes  at 
least  500  of  precipitates  of  1  urn  or  more  in  average  particle  size  per  1  mm2. 
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An  abrasion-resistant  steel  as  claimed  in  any  one  of  the  preceding  claims  characterized  in  that  said 
precipitates  have  an  average  particle  size  of  from  1  to  50  urn. 

An  abrasion-resistant  steel  as  claimed  in  any  one  of  the  preceding  claims,  characterized  in  that  it 
further  comprises  at  least  one  element  selected  from  the  group  consisting  of  0.1  to  2  wt.  %  Cu,  0.1  to 
10  wt.  %  Ni,  0.1  to  3  wt.  %  Cr,  0.1  to  3  wt.  %  Mo  and  0.0003  to  0.01  wt.  %  B. 

An  abrasion-resistant  steel  as  claimed  in  claim  5,  characterized  in  that  Cu  content  is  from  0.2  to  1  wt. 
%,  Ni  content  is  from  0.2  to  1.5  wt.  %,  Cr  content  is  from  0.2  to  1.5  wt.  %.,  Mo  content  is  from  0.1  to  1 
wt.  %  and  B  content  is  from  0.0005  to  0.005  wt.  %. 

An  abrasion-resistant  steel  as  claimed  in  any  one  of  the  preceding  claims,  characterized  in  that  it 
further  comprises  at  least  one  element  selected  from  the  group  consisting  of  0.005  to  1  wt.  %  Nb  and 
0.01  to  1  wt.  %  V. 

An  abrasion-resistant  steel  as  claimed  in  claim  7,  characterized  in  that  Nb  content  is  from  0.01  to  0.5 
wt.  %  and  V. 
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