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(54;  calcium  treated  boron  alloyed  steel  with  improved  machinability. 
@  The  invention  concerns  a  calcium-treated  steel  alloy, 
wherein  the  hardenabiiity  effect  of  boron  is  combined  with  an 
improved  machinability.  The  chemical  composition  of  the  steel 
in  percentages  by  weight  is  0.01  -  0.5%  carbon,  0.01  -  2.0°/o 
silicon,  0.4-1.60/0  manganese,  0.01-0.3%  sulphur,  0-2.0% 
chromium,  0-0.8%  molybdenum,  0.002-0.02%  boron, 
0  -  0.0150/0  titanium,  0.005  -  0.0140/o  aluminium,  0.0015  -  0.01o/o 
calcium  and  in  addition  B  =  (0.5-2)  x  (N  -  Ti/3.4),  wherein  B  is 
the  boron  content,  N  the  nitrogen  content  and  Ti  the  titanium 
content  in  percentages  by  weight. 
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Description 

Calcium  treated  boron  alloyed  steel  with  improved  machinability 

The  object  of  the  present  invention  is  improved  machinable  calcium  treated  boron  alloyed  steel,  wherein  a 
free  boron  content  sufficient  for  hardenability  is  obtained  without  Ti  and/or  AI  contents  disadvantageous  to 

5  machinability.  With  this  invention  the  weaknesses  of  the  known  techniques  are  avoided. 
In  the  known  heat  treated  boron  alloyed  steels  the  free  boron  content  sufficient  for  hardenability  is  obtained 

by  binding  the  dissolved  nitrogen  aluminium  and/or  titanium.  The  machinability  of  the  known  steels  is  poor  for 
the  following  reasons: 
-  As  a  result  of  titanium  alloying  (about  0.02-0.05  wt-%)  required  to  protect  boron,  the  steel  contains  extremely 

10  hard  large  TiN  particles  which  have  a  disadvantageous  effect  on  machinability. 
-  The  high  AI  content  (0.05-0.1  wt-%)  required  to  protect  the  boron  impairs  machinability. 
-  The  machinability  of  boron  steels  of  these  known  types  cannot  be  essentially  improved  by  calcium  treatment. 

A  summary  of  the  invention  is  presented  in  the  following. 
In  the  steel  of  the  present  invention  amounts  of  AI  and  Ti  added  are  so  low  that  they  do  not  bind  all  the 

15  dissolved  nitrogen.  The  excessive  part  of  nitrogen,  which  remains  after  the  binding  by  titanium  and  aluminium, 
is  bound  to  boron  to  give  boron  nitrides.  A  sufficient  amount  of  boron  is  alloyed  so  that  in  addition  to  the  boron 
in  nitrides,  the  steel  contains  about  10-30  weight-ppm  chemically  free  boron. 

Titanium  alloying  is  restricted  to  prevent  the  precipitation  of  large  so-called  primary  titanium  nitrides  in  the 
molten  state.  The  maximum  amount  of  titanium  added  depends  on  the  nitrogen  content  of  the  steel.  If  desired, 

20  the  titanium  may  be  left  out  altogether.  At  least  0.005  wt-%  of  aluminium  is  alloyed  in  order  to  kill  the  steel,  to 
reduce  the  grain  size  and  to  obtain  the  correct  type  of  non  metallic  inclusions.  Aluminium  contents  of  over 
0.014  wt-%  are  not  alloyed  due  to  the  deterioration  of  machinability. 

It  is  also  characteristic  for  the  steel  of  the  present  invention  that  it  has  been  calcium  treated  in  ladle.  The 
calcium  treatment  improves  the  machinability  of  the  steel.  Full  advantage  is  gained  from  the  calcium  treatment 

25  because  high  Ti  or  AI  contents  are  not  used. 
It  is  furthermore  characteristic  for  the  steel  of  the  present  invention  that  it  contains  the  following  alloying 

elements  shown  below  in  percentages  by  weight: 
carbon  0.01  -  0.50% 
silicon  0.01  -  2.00% 

30  manganese  0.40  -  1  .60% 
sulphur  0.01  -  0.30% 
chromium  0  -2.00% 
molybdenum  0  -0.80% 
The  use  of  the  steel  determines  the  alloying  element  combination  selected.  « 

35  In  the  following  the  technological  background  of  the  invention  and  the  test  results  obtained  with  the  steels 
relating  to  the  invention  will  be  described. 

Boron  is  an  element  which  intensifies  the  hardenability  of  steel  considerably  with  very  low  contents  of 
chemically  free  boron. 

It  is  characteristic  for  the  hardenability  intensifyig  effect  of  boron  that  maximum  effect  is  obtained  with  a 
40  certain  free  boron  content  (0.001-0.004  wt-%)  and  that  the  obtained  increase  in  hardenability  diminishes  as 

the  carbon  and  alloying  element  contents  increase. 
Since  boron  has  a  hardenability  intensifying  effect  only  when  it  is  dissolved  in  steel  in  chemically  free  form,  it 

should  be  ensured  that  boron  is  not  bound  in  compounds  -  mainly  BN  or  B2O3  -  or  that  the  free  boron  content 
is  the  said  0.001-0.004  wt-%  also  after  a  part  of  the  boron  is  bound  in  the  above-mentioned  compounds. 

45  In  the  established  steel  making  technique,  the  obtaining  of  a  stable  hardenability  effect  of  boron  is  ensured 
by  adding  nitrogen  binding  elements  such  as  Ti  and/or  AI  (also  Zr,  V,  Nb)  and  a  standard  amount  of  boron  after 
a  thorough  deoxidation. 

It  is  also  possible  to  alloy  so  much  boron  that  although  a  part  of  it  is  bound  in  BN,  enough  boron  still  remains 
to  guarantee  the  hardenability  effect.  This  requires,  however,  advanced  steel  making  technique  because 

50  insufficiently  low  boron  alloying  results  in  the  loss  of  hardenability  and  excessively  high  alloying  in  a  decrease 
in  hardenability  and  furthermore  makes  the  steel  brittle. 

The  increase  in  hardenability  achieved  by  boron  alloying,  that  is,  the  boron  hardenability  effect  (Bf)  is  usually 
defined  as  the  ratio  of  the  ideal  critical  diameter  (Dl)  measured  by  the  Jominy-test  (SFS-standard  2375)  to  the 
ideal  critical  diameter  (Dlchem)  calculated  on  the  basis  of  the  chemical  analysis  (excluding  boron): 

55  Bf  =  Dl/Dlchem 
The  chemical  analyses  of  the  test  steels  are  given  in  Table  1  and  the  results  of  their  hardenability  tests  are 

shown  in  Table  2.  The  test  results  clearly  show  that  the  boron  hardenability  effect  is  achieved  on  exceeding  a 
certain  value  of  the  ratio  B/(N  -Ti/3.4),  wherein  B  is  the  boron  content,  N  the  nitrogen  content  and  Ti  the 
titanium  content  in  percentages  by  weight.  The  intensity  of  the  effect  increases  rapidly  at  first  as  the  free  boron 

60  content  increases,  but  reaches  then  its  maximum  value  which  is  dependent  on  the  carbon  and  alloying 
element  contents.  The  boron  hardenability  effect  is  thus  achieved  without  AI  and/or  Ti  alloying  with  a 
sufficiently  high  boron  content. 
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T a b l e   2  The  h a r d e n a b i l i t y   e f f e c t   and  B/(N  -  T i / 3 . 4 )   r a t i o   v a l u -  

es  on  t e s t   s t e e l s  

S t e e l   Bf  B/(N  -  T i / 3 . 4 )  

1  •  1 . 74   1 . 1 4  

2  1 .13   0 . 7 2  

3  1 .61   0 . 8 9  

4  1 .67   0 . 9 9  

5  1 .80   1 . 5 0  

6  1 .89   1 . 1 8  

The  conventional  boron-protecting  methods,  titanium  and/or  aluminium  alloying,  impair  machinability.  20 
Titanium  forms  extremely  hard  cubic  TiN  particles  which  wear  machining  tools  abrasively.  This  is  shown  by  the 
shorter  tool  life  when  machining  titanium  alloyed  steels.  Fig.  1. 

By  means  of  calcium  treatment  the  machinability  of  steel  is  improved  by  modifying  non  metallic  inclusions. 
Oxides  in  untreated  steels  (aluminium  oxides,  silicates)  are  extremely  hard  and  thus  wear  the  machining  tool 
abrasively.  In  calcium  treated  steels  oxides  are  softer  and  in  addition  enveloped  by  a  soft  sulphide  case.  These  25 
modified  non  metallic  inclusions  cause  less  abrasive  wear  of  machining  tools.  At  high  machining  speeds  the 
inclusions  of  calcium  treated  steel  also  form  a  protecting  film  on  the  surfaces  of  machining  tools.  Thus,  the  tool 
lives  are  substantially  longer  when  machining  calcium  treated  steels.  Fig.  2. 

The  calcium  treatment  does  not,  however,  affect  the  titanium  nitride  particles.  Therefore,  the  machinability  of 
titanium  protected  boron  steel  cannot  be  improved  by  calcium  treatment.  Fig.  3.  30 

When  aluminium  is  used  to  protect  boron,  the  aluminium  contents  required  are  high  which  is  known  to 
impair  the  machinability  of  steel. 

When  the  protection  of  boron  is  carried  out  according  to  the  present  application  by  means  of  excess  boron 
alloying  fixed  to  the  nitrogen  content  of  the  steel,  high  titanium  and/or  aluminium  contents  are  not  required. 
The  impairment  of  machinability  caused  by  the  above-mentioned  alloying  elements  can  thus  be  avoided.and  an  35 
overall  improvement  of  machinability  is  achieved  by  calcium  treatment.  Fig.  4. 

Into  the  steel  of  the  present  invention  it  is  also  alloyed  at  least  0.01%  sulphur  because  it  is  well  known  that 
sulphur  addition  improves  machinability. 
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Claims 

1.  Calcium  treated  hardenable  boron  alloyed  steel,  characterized  in  that  the  steel  combines  both  an 
improved  machinability  and  a  hardenability  intensifying  effect  of  boron  and  the  chemical  composition  of 
the  steel  in  percentages  by  weight  is: 
carbon  0.01  -  0.5% 
silicon  0.01  -  2.0%  10 
manganese  0.4  -  1  .6% 
sulphur  0.01  -  0.3% 
chromium  0  -  2.0% 
molybdenum  0  -  0.8% 
boron  0.002-  0.02%  15 
titanium  0-  0.01  50/0 
aluminium  0.005-  0.014% 
calcium  0.0015-0.01% 
and  in  addition 

B  =  (0.5  -  2)  x  (N  -  Ti/3.4)  20 
wherein  B  is  the  boron  content,  N  the  nitrogen  content  and  Ti  the  titanium  content  in  percentages  by 
weight. 

2.  Steel  as  claimed  in  claim  1  ,  characterized  in  that  the  contents  of  boron  and  titanium  in  percentages 
by  weight  are: 

boron  0.004  -  0.02%  25 
titanium  0  -  0.005%. 

3.  Steel  as  claimed  in  claim  1  ,  characterized  in  that  the  contents  of  boron  and  titanium  in  percentages 
by  weight  are: 

boron  0.007  -  0.02% 
titanium  0  -0.005%.  30 

4.  Steel  as  claimed  in  claim  1  ,  characterized  in  that  the  content  of  titanium  in  percentage  by  weight  is 
0.005-0.0150/0. 

5.  Steel  as  claimed  in  any  one  of  the  claims  1  -  4,  characterized  in  that  the  content  of  sulphur  in 
percentage  by  weight  is  0.01  -  0.015%. 

6.  Steel  as  claimed  in  any  one  of  the  claims  1  -  4,  characterized  in  that  the  content  of  sulphur  in  35 
percentage  by  weight  is  0.01  -  0.05%. 

7.  Steel  as  claimed  in  any  one  of  the  claims  1  -  6,  characterized  in  that  0.1  -  1.5  kg  of  calcium  is  added 
per  ton  of  molten  steel  with  a  lance. 

8.  Steel  as  claimed  in  claim  7,  characterized  in  that  the  calcium  is  added  as  cored  wire. 
9.  Steel  as  claimed  in  claim  7,  characterized  in  that  the  calcium  is  added  as  capsules  or  briquettes.  40 
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