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Description 

This  invention  relates  to  a  highly  tough,  ERW  steel  pipe  having  a  high  sour  resistance,  and  more 
particularly  to  an  ERW  steel  pipe  (which  means  an  electric-resisance-welded  pipe  or  tube)  having  a  high 

5  cracking  resistance  even  under  the  environment  containing  wet  hydrogen  sulfide,  for  example,  in  drilling  for 
or  transportation  of  petroleum  and  natural  gas  and  also  having  a  distinguished  low  temperature  toughness. 

The  recently  produced  petroleum  and  natural  gas  very  often  contain  hydrogen  sulfide,  and  in  the 
presence  of  sea  water,  fresh  water,  etc.  at  the  same  time  orrosition  takes  place  not  only  on  the  steel  pipe 
surface  to  reduce  the  pipe  wall  thickness,  but  also  the  hydrogen  generated  on  the  steel  pipe  surface  due  to 

io  the  corrosion  may  diffuse  into  the  steel  body  to  break  the  steel  pipe.  These  have  been  problems.  The 
breakage  is  different  from  the  stress  cracking  by  sulfides  which  has  been  observed  in  the  high  tensile  steel 
since  early  times,  in  point  of  that  the  breakage  has  been  observed  to  occur  without  any  additional  stress 
from  the  outside. 

The  hydrogen  diffused  from  the  environment  accumulates  at  the  boundaries  between  the  steel  matrix 
75  and  inclusions  such  as  MnS  existing  in  the  matrix  and  extended  long  in  the  rolling  direction,  and  it  is 

gasified  in  the  steel  matrix  and  the  breakage  occurs  due  to  the  resulting  elevated  hydrogen  gas  pressure. 
Inclusions  such  as  MnS  act  as  sharp  notches,  and  these  develop  into  cracks  in  parallel  to  the  plate  surface 
as  crack  nuclei.  The  cracks  in  parallel  to  the  plate  surface  are  connected  to  one  another  in  the  plate 
thickness  direction.  This  kind  of  the  cracks  will  be  hereinafter  referred  to  as  "hydrogen  induced  cracking". 

20  Various  researches  have  been  so  far  made  on  steel  of  high  resistance  to  the  hydrogen  induced 
cracking,  and  various  kinds  of  steel  have  been  proposed,  typical  of  which  are  utilizations  of  cracking 
prevention  by  addition  of  Cu  or  Co.,  reduction  in  MnS  by  reducing  sulfer  content,  fixation  of  S  by  addition  of 
Ca  or  rare  earth  elements,  etc.,  as  disclosed,  for  example,  in  Japanese  Patent  Publication  No.  57-17065, 
Japanese  Patent  Publication  No.  57-16184,  etc.  By  virtue  of  these  techniques,  steel  capable  of  withstanding 

25  a  considerably  severe  environment  has  been  made  available  up  to  now. 
A  seam  welded  steel  pipe  is  produced  by  forming  a  steel  plate  such  as  hot  coil,  etc.  and  seam  welding 

the  shaped  steel  plate  at  the  edge  parts,  and  its  essential  difference  from  a  steel  plate  is,  needless  to  say, 
in  the  presence  of  a  welded  part  and  heat  affected  zone.  There  have  been  substantially  no  examples  of 
investigation  of  the  sour  resistance  at  the  weld  and  heat  affected  zone,  because  in  the  ordinary  process 

30  inclusions  such  as  MnS  extending  in  the  rolling  direction  exist  much  at  the  inverse  V  segregation  parts  in 
the  case  of  large  size  ingots  and  at  the  center  segragation  parts  in  the  case  of  continuously  cast  slab,  and 
hardly  exist  at  the  edge  parts  of  steel  plates,  and  thus  it  has  been  the  common  knowledge  that  the  so  called 
single  hoop  pipe  produced  by  welding  a  steel  plate  at  the  edge  parts  to  join  one  edge  part  with  another  has 
a  good  sour  resistance  at  the  weld  and  heat  affected  zone. 

35  On  the  other  hand,  in  the  case  of  the  so  called  coil-splitted  ERW  pipe  production  by  dividing  a  hot  coil 
into  at  least  two  strips  in  the  width  direction,  and  by  electric-resistance-welding  the  strips,  parts  highly 
sensitive  to  a  hydrogen  induced  cracking  such  as  inverse  V  segregation  parts  and  center  segregation  parts 
locate  at  one  side  or  both  sides  of  the  weld  and  thus  there  has  been  the  recognition  of  the  hydrogen 
induced  cracking.  However,  in  this  case,  the  same  steps  as  those  for  the  matrix  such  as  reduction  in 

40  inclusions  such  as  MnS  and  the  microsegregation  of  Mn,  P  and  the  like  have  also  been  taken  in  principle  so 
far. 

As  an  extensive  study  of  the  sour  resistance  at  the  weld  of  an  ERW  steel  pipe,  one  of  the  present 
inventors  found  and  disclosed  in  Japanese  Patent  Application  Kokai  (Laid-Open)  No.  61-124554  correspond- 
ing  to  British  Patent  Application  No.  8528491  that,  even  when  there  are  no  inclusions  such  as  Mns  extended 

45  long  in  the  rolling  direction,  hydrogen  induced  cracking  sometimes  occur  at  the  weld,  and  the  hydrogen 
induced  cracking  occurs  as  cracks  perpendicular  to  the  plate  surface  at  the  weld,  which  differs  from  the 
cracks  occuring  in  the  base  metal.  Furthermore,  one  of  the  present  inventors  found  that  the  hydrogen 
induced  cracking  occurs  even  at  the  single  hoop  pipe  of  essentially  less  microsegregation  at  the  edge  parts 
of  a  steel  plate.  These  cracks  had  never  been  disclosed  and  are  a  problem  as  important  as  or  more 

50  important  than  those  of  the  hydrogen  induced  cracking  in  parallel  to  the  plate  surface  of  the  base  material. 
Furthermore,  it  was  found  that  this  cracking  occurs  even  at  the  ERW  pipes  of  steel  for  which  the 
conventional  steel  making  process  is  applied  against  the  hydrogen  induced  cracking,  and  cannot  be 
prevented  by  the  conventional  techniques. 

The  production  areas  of  petroleum  and  natural  gas  have  been  recently  extended  over  to  extremely  cold 
55  areas  such  as  Alaska,  USSR,  and  the  Arctic  Ocean,  and  line  pipes  for  use  in  these  areas  require  a 

distinguished  low  temperature  toughness  in  the  base  material  and  also  at  the  weld.  When  the  fluid  products 
contain  hydrogen  sulfide,  it  is  needless  to  say  that  a  sour  resistance  is  required  in  addition  to  the  low 
temperature  toughness. 
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In  the  ERW  steel  pipe,  the  toughness  is  lower  at  the  welded  part  than  in  the  base  material,  and  various 
researches  have  been  so  far  made  on  the  production  of  ERW  steel  pipes  having  a  distinguished  toughness 
even  at  the  weld.  Various  methods  and  steel  pipes  have  been  thus  so  far  proposed,  typical  of  which  are 
utilizations  of  tough  materials  obtained  by  controlling  the  finishing  temperature  and  the  coiling  temperature 

5  in  the  hot  rolling  process.control  of  grain  size  by  limitation  of  the  cooling  speed  in  seam  weld  heat 
treatment,  reduction  in  N  in  solid  solution,  refining  the  grain  size  by  the  addition  of  Nb  or  V,  etc.,  as 
disclosed,  for  example,  in  Japanese  Patent  Application  Kokai  (Laid-Open)  No.  54-136512,  Japanese  Patent 
Application  Kokai  (Laid-Open)  No.  57-140823,  Japanese  Patent  Publication  No.  58-53707,  Japanese  Patent 
Publication  No.  58-53708,  etc.  ERW  steel  pipes  having  a  considerably  distinguished  toughness  have  been 

io  made  available  up  to  now  according  to  these  techniques. 
However,  these  ERW  steel  pipes  are  destined  to  use  in  the  noncorrosive  environment,  and  their  use  in 

the  so-called  sour  environment  containing  hydrogen  sulfide  or  water  has  not  been  taken  into  account. 
As  a  result  of  extensive  studies  also  on  the  toughness  of  the  welds  of  ERW  steel  pipes,  one  of  the 

present  inventors  found  that  the  toughness  of  sour-resistant  of  ERW  steel  pipes  is  considerably  deteriorated 
is  at  the  welds  than  in  the  base  material,  and  that  this  problem  could  not  be  solved  according  to  any  of  the 

foregoing  prior  art  techniques. 
As  a  result  of  further  studies  to  develop  a  steel  pipe  having  a  high  toughness  and  high  resistance  to 

quite  a  new  type  of  hydrogen  induced  cracking,  that  is,  a  cracking  perpendicular  to  the  plate  surface, 
Miyasaka  found  that  a  cause  for  the  hydrogen  induced  cracking  and  the  reduction  in  toughness  at  the  weld 

20  of  an  ERW  steel  pipe  1  schematically  shown  in  Fig.  1  is  flattened  inclusions  of  oxides  existing  at  a  weld  2 
and  welding  heat  affecled  zone  3  on  both  sides  Zi  and  Z2  thereof  within  a  distance  of  500  urn  each  from 
the  weld  2. 

Furthermore,  he  found  that,  among  these  flattened  inclusions  of  oxides,  those  inclusions  whose  shapes, 
as  viewed  in  the  cross-section  within  the  distance  of  Zi  =  Z2  =  500  urn  at  both  sides  of  the  weld  2  shown 

25  in  Fig.  1,  have  a  ratio  of  more  than  2  between  the  length  in  the  through  thickness  direction  and  the  length  in 
the  circumferential  direction  and  whose  major  axis  is  2  urn  or  longer,  act  as  nuclei  for  the  generation  of 
hydrogen  induced  cracking,  and  when  those  inclusions  whose  shapes  have  a  ratio  of  more  than  2  between 
the  length  in  the  through  thickness  direction  and  the  length  in  the  circumferential  direction  and  when  5  or 
more  inclusions  of  the  oxides  having  a  major  axis  of  2  urn  or  longer  are  included  in  the  cross-section  of  1 

30  mm2,  the  hydrogen  induced  cracks  generated  as  nuclei  are  to  join  one  another  and  develope  into 
macroscopic  cracks. 

According  to  further  studies  made  by  one  of  the  present  inventors,  it  was  found  that  these  flattened 
inclusions  of  oxides  are  complex  oxides  composed  of  Ca  and  Al  as  the  main  components,  and  that  the 
inclusions  of  oxides  existing  in  the  base  material  advance  in  a  nearly  spherical  shape  are  heated  nearly  up 

35  to  the  melting  point  of  the  steel  during  the  seam  welding,  compressed  from  both  sides  by  the  squeeze 
rolles  and  thus  deformed  into  a  flattened  form. 

On  the  basis  of  the  foregoing  findings,  one  of  the  present  inventors  proposed  a  steel  for  production  of 
ERW  steel  pipe  having  a  distinguished  sour  resistance  and  toughness  in  the  base  material  and  also  at  the 
weld  by  decreaseing  the  content  of  Al  so  far  admixed  mainly  for  the  deoxidation  purpose  to  a  minimum  and 

40  adding  Ti  or  Zr  thereto  as  a  deoxidizing  element,  as  in  Japanese  Patent  Application  Kokai  (Laid-Open)  No. 
61-124554  corresponding  to  British  Patent  Application  No.  8528491  and  Japanese  Patent  Application  Kokai 
(Laid-Open)  No.  62-170458. 

The  Japanese  Patent  Application  Kokai  (Laid-Open)  No.  61-124554  discloses  the  steel  for  production  of 
a  highly  tough,  ERW  steel  pipe  having  a  distinguished  sour  resistance  is  characterized  by  containing  0.01 

45  to  0.35%  by  weight  of  C;  0.02  to  0.5%  by  weight  of  Si;  0.1  to  1.8%  by  weight  of  Mn;  0.0005  to  0.008%  by 
weight  of  Ca;  0.006  to  0.2%  in  total  by  weight  of  at  least  one  of  Ti  and  Zr;  not  more  than  0.005%  by  weight 
of  Al;  not  more  than  0.015%  by  weight  of  P;  and  not  more  than  0.003%  by  weight  of  S;  or  further  containing 
(A)  at  least  one  of  0.2  to  0.6%  by  weight  of  Cu,  0.1  to  1.0%  by  weight  of  Ni,  and  0.2  to  3.0%  by  weight  of 
Cr,  and/or  (B)  at  least  one  of  0.10  to  1.0%  by  weight  of  Mo,  0.01  to  0.15%  by  weight  of  Nb  and  0.01  to 

50  0.15%  by  weight  of  V;  the  balance  being  Fe  and  impurities.  Thus,  the  Al  content  of  the  steel  is  not  more 
than  0.005%  by  weight. 

The  Japanese  Patent  Application  Kokai  (Laid-Open)  No.  62-170458  was  laid-open  to  the  public  on  July 
27,  1987  and  discloses  the  steel  for  production  of  a  highly  tough,  ERW  steel  pipe  having  a  distinguished 
sour  resistance  is  characterized  by  containing  0.01  to  0.35%  by  weight  of  C;  0.02  to  0.5%  by  weight  of  Si; 

55  0.1  to  1.8%  by  weight  of  Mn;  more  than  0.005%  to  0.05%  by  weight  of  Al;  0.0005  to  0.008%  by  weight  of 
Ca;  0.01  to  0.2%  in  total  by  weight  of  at  least  one  of  Ti  and  Zr;  not  more  than  0.015%  by  weight  of  P;  and 
not  more  than  0.003%  by  weight  of  S;  Ti/AI,  Zr/AI  or  (Ti  +  Zr)/AI  being  2  or  more  by  weight;  or  further 
containing  (A)  at  least  one  of  0.2  to  0.6%  by  weight  of  Cu,  0.1  to  1.0%  by  weight  of  Ni,  and  0.2  to  3.0%  by 
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weight  of  Cr,  and/or  (B)  at  least  one  of  0.10  to  1.0%  by  weight  of  Mo,  0.01  to  0.15%  by  weight  of  Nb  and 
0.01  to  0.15%  by  weight  of  V;  the  balance  being  Fe  and  impurities.  And  particularly  the  steel  has  Ti/AI,  Zr/AI 
or  (Ti  +  Zr)/AI  of  2  or  more  by  weight  when  the  Al  content  is  high  e.g.  in  a  range  of  more  than  0.005%  to 
0.05%  by  weight,  and  it  contains  Ti  and  Zr  as  main  deoxidizing  elements  in  place  of  Al  to  prevent  formation 

5  of  inclusions  susceptible  to  deformation  during  the  seam  welding. 
The  desired  sour  resistance  and  toughness  of  steel  are  to  be  obtained  in  the  Japanese  Patent 

Application  Kokai  (Laid-Open)  No.  62-170458  when  the  content  of  Ti  or  Zr  to  be  added  thereto  as  the 
deoxidizing  element  and  the  content  of  Al  contained  in  the  steel  are  in  such  a  relationship  that  Ti/AI,  Zr/AI  or 
(Ti  +  Zr)/AI  is  2  or  more  by  weight  under  the  limitation  that  the  content  of  Al  is  more  than  0.005%  by 

io  weight.  As  a  result  of  further  extensive  studies,  the  present  inventors  have  found  that,  when  Ti,  Zr  or  Ti  + 
Zr  are  added  thereto  while  satisfying  the  foregoing  relationship  in  the  case  that  the  content  of  Al  is  in  a 
range  of  more  than  0.005%  to  0.05%  by  weight,  a  large  amount  of  carbides  or  nitrides  of  Ti  or  Zr  is  formed 
in  the  steel  during  the  casting  and  rolling,  resulting  in  considerable  deterioration  of  the  toughness  in  the 
base  material.  Furthermore,  the  present  inventors  have  found  that,  when  the  steel  contains  more  than 

is  0.005%  by  weight  of  Al,  appropriately  adding  at  least  0.001%  by  weight  of  Zr  thereto  as  the  deoxidizing 
element  is  satisfactory  and  steel  for  production  of  ERW  steel  pipe  giving  distinguished  sour  resistance  and 
toughness  can  be  produced  by  controlling  an  appropriate  component  system  of  oxides  as  well  as  the  steel. 

There  have  been  substantially  no  examples  of  using  Zr  as  the  main  deoxidizing  agent.  Japanese  Patent 
Application  Kokai  (Laid-Open)  No.  59-53656  discloses  steel  containing  not  more  than  0.10%  by  weight  of  Zr 

20  as  steel  for  high  strength  line  pipes  having  a  distinguished  resistance  to  cracking  induced  by  hydrogen, 
where  Zr  is  used  to  increase  the  strength  and  the  deoxidation  to  control  the  oxygen  content  of  the  steel  is 
carried  out  solely  by  Al.  Thus,  no  limitation  is  made  at  all  to  the  composition  of  the  inclusions  at  the  welding 
heat  affected  zone,  and  consequently  a  large  amount  of  inclusions  having  a  high  AI2O3  content  is  formed  at 
the  heat  affected  zone  and  thus  the  cracking  perpendicular  to  the  plate  surface  induced  by  hydrogen  cannot 

25  be  prevented.  A  process  for  producing  a  highly  tough  hot  coil  of  extremely  low  carbon  content  having  a 
distinguished  resistance  to  cracking  induced  by  hydrogen  and  containing  0.01  to  0.1%  by  weight  of  Zr  is 
proposed  in  Japanese  Patent  application  Kokai  (Laid-open)  No.  58-1015,  where  Zr  is  added  thereto  to  react 
with  S  in  the  steel,  thereby  controlling  the  form  of  sulfides,  and  the  element  is  Al  that  conducts  the 
deoxidation  also  in  this  case.  Thus,  the  inclusions  at  the  welding  heat  affected  zone  contain  a  large  amount 

30  of  AI2O3  and  it  is  quite  impossible  to  prevent  cracking  perpendicular  to  the  plate  surface  induced  by 
hydrogen. 

The  present  invention  has  been  established  to  overcome  the  foregoing  disadvantages  so  far  encoun- 
tered,  that  is,  reduction  in  the  toughness  at  the  weld,  and  hydrogen  induced  cracking  perpendicular  to  the 
plate  surface  at  the  weld.caused  by  flattened  inclusions  of  oxides  existing  at  the  welding  heat  affected  zone, 

35  and  an  object  of  the  present  invention  is  to  control  the  composition  of  oxides  in  the  steel  by  adding  Zr 
thereto  as  a  deoxidizing  element  and  to  provide  steel  for  production  of  ERW  steel  pipe  having  distinguished 
sour  resistance  and  toughness. 

The  present  inventors  have  found  that,  even  if  AI2O3  is  inevitably  contained  in  inclusions  as  a  result  of 
entraining  of  AI2O3  from  slag,  reduction  of  AI2O3  in  the  refractories,  or  mechanical  attrition  of  refractories  in 

40  the  case  that  no  Al  is  added  to  the  steel  for  the  deoxidation  purpose,  and  even  if  the  content  of  Al  in  the 
steel  exceeds  0.005%  by  weight  as  a  result  of  its  equilibrium  reaction,  or  even  if  Al  is  intentionally  added 
thereto  to  supplement  the  deoxidation  by  Zr  and  the  content  of  Al  in  the  steel  exceeds  0.005%  by  weight, 
steel  for  production  of  ERW  steel  pipe  having  a  much  distinguished  low  temperature  toughness  at  the  weld 
and  a  much  distinguished  toughness  in  the  base  material  can  be  produced,  so  long  as  a  ratio  of  the  content 

45  of  Zr  to  be  added  to  that  of  Al  in  the  steel  is  less  than  2  by  weight,  the  content  of  Zr  is  0.001  %  by  weight  or 
more,  and  the  content  of  AI2O3  in  the  inclusions  at  the  welding  heat  affected  zone  is  not  more  than  50%  by 
weight. 

The  present  invention  is  based  on  the  foregoing  findings  and  provides  a  highly  tough,  ERW  steel  pipe 
having  a  distinguished  sour  resistance  and  being  characterized  as  defined  in  the  claims. 

50  The  present  invention  will  be  described  in  detail  below  in  conjunction  with  the  drawings  in  which: 
Fig.  1  is  a  schematic  view  showing  a  weld  of  an  ERW  steel  pipe  and  a  region  in  which  inclusions  of 
oxides  formed  in  a  flattened  form  exist  at  both  sides  of  the  weld. 
Fig.2  is  a  view  showing  an  outline  of  sampling  a  test  piece. 
Fig.  3  is  a  view  showing  directions  of  ultransonic  inspection. 

55  Fig.  4  is  a  diagram  showing  a  relationship  between  the  Zr  content  in  steel  and  the  area  ratio  of  hydrogen 
induced  cracking  perpendicular  to  the  plate  surface. 
Fig.  5  is  a  diagram  showing  a  relationship  between  the  Al  content  in  steel  and  the  area  ratio  of  hydrogen 
induced  cracking  perpendicular  to  the  plate  surface. 
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Fig.  6  is  a  diagram  showing  a  relationship  between  a  ratio  of  Zr/AI  and  the  fracture  transition  temperature 
of  base  material. 
Fig.  7  is  a  diagram  showing  a  relationship  between  the  Zr  content  in  steel  and  a  difference  in  fracture 
transition  temperature  AvTrs. 

5  Reasons  for  limiting  the  ranges  of  the  respective  components,  as  given  above,  in  the  present  invention 
will  be  explained  at  first. 

C  is  a  basic  element  for  obtaining  the  strength  of  steel  most  stably,  and  it  is  necessary  to  contain  at 
least  0.01%  by  weight  of  C  for  assuring  the  strength,  but  above  0.35%  by  weight  the  toughness  of  steel  is 
adversely  influenced.  Thus,  0.01  to  0.35%  by  weight  of  C  has  been  selected. 

io  Si  is  an  element  for  increasing  the  strength,  and  at  least  0.02%  by  weight  of  Si  should  be  contained, 
but  the  upper  limit  must  be  0.5%  by  weight  for  assuring  the  toughness. 

Mn  is  a  necessary  element  for  the  strength,  and  at  least  0.1%  by  weight  of  Mn  must  be  contained,  but 
the  upper  limit  content  must  be  1  .8%  by  weight  for  assuring  the  weldability  and  the  toughness. 

Furthermore,  Ca  is  a  very  effective  element  for  improving  the  sour  resistance  of  base  material  owing  to 
is  its  fixation  of  S  in  steel  as  CaS  and  the  resulting  prevention  of  MnS  formation,  and  at  least  0.0005%  by 

weight  of  Ca  must  be  contained  to  assure  the  sour  resistance  of  the  base  material,  but  above  0.008%  by 
weight  thereof  large  inclusions  composed  of  CaS-CaO  as  main  components  will  be  formed.  Thus,  the  upper 
limit  content  must  be  0.008%  by  weight. 

Zr  is  an  important  element  for  use  in  deoxidation  as  a  substitute  for  Al,  and  below  0.001%  by  weight  the 
20  deoxidation  ability  will  be  lost  when  the  Al  content  exceeds  0.005%  by  weight,  whereas  above  0.015%  by 

weight  the  toughness  of  steel  will  be  lowered.  Thus,  the  content  of  Zr  must  be  0.001  to  0.015%  by  weight. 
When  a  ratio  of  Zr/AI  is  less  than  2  by  weight,  the  matrix  can  have  a  good  toughness,  and  the  foregoing 
effect  can  be  also  obtained.  Thus  the  Zr  content  must  be  selected  in  view  of  the  above  defined  range  of 
ratio  to  the  Al  content  in  the  steel. 

25  As  a  result  of  detailed  investigation  of  steel  pipe  cross-sections,  hydrogen  induced  cracking,  and  the 
fractography  of  impact  test  specimens,  the  present  inventors  have  found  that  in  the  case  of  deoxidation  by 
Zr  the  complex  oxides  composed  of  Ca  and  Zr  as  main  components  are  very  hardly  deformed  during  the 
welding.  This  finding  is  also  a  reason  for  adding  Zr  to  the  steel  in  the  present  invention. 

The  smaller  the  Al  content,  the  better,  because  Al  can  be  combined  with  Ca  and  O  to  form  inclusions 
30  readily  susceptible  to  deformation,  but  when  Al  is  inevitable  introduced  from  the  refractories,  slag,  etc. 

during  the  casting  and  refining  of  steel  or  when  Al  is  added  to  supplement  incomplete  deoxidation,  its 
content  often  exceeds  0.005%  by  weight.  When  the  Al  content  exceeds  0.005%  by  weight  as  above,  a  ratio 
of  Zr/AI  must  be  made  less  than  2  by  weight  by  adjusting  the  contents  of  the  individual  components  so  as 
not  to  deteriorate  the  toughness  of  the  matrix.  Formation  of  inclusions  readily  susceptible  to  deformation 

35  during  the  welding  can  be  completely  suppressed  thereby,  and  steel  for  production  of  ERW  steel  pipe 
having  a  good  toughness  in  the  base  material  can  be  obtained.  When  the  Al  content  exceeds  0.05%  by 
weight,  large  inclusions  composed  mainly  of  AI2O3  are  readily  formed,  and  the  AI2O3  content  in  the 
inclusions  exceeds  50%  by  weight,  lowering  the  toughness  in  the  base  material  and  precipitate  oxides 
including  AI2O3  on  the  continuous  casting  immersion  nozzle,  etc.,  resulting  in  a  high  possibility  of  clogging 

40  nozzle.  Thus,  the  upper  limit  must  be  0.05%  by  weight. 
P  is  an  element  capable  of  readily  propagating  the  hydrogen  induced  cracking  in  the  matrix,  and  the  P 

content  must  be  not  more  than  0.015%  by  weight. 
S  combines  with  Mn  to  form  MnS  causing  the  hydrogen  induced  cracking  in  the  base  material,  and  thus 

the  S  content  must  be  suppressed  to  not  more  than  0.003%  by  weight  for  assuring  the  sour  resistance  in 
45  the  base  material. 

The  reason  for  limiting  a  ratio  of  Zr/AI  to  less  than  2  by  weight  is  based  on  the  following  test. 
Basic  components  of  the  steel  used  in  the  following  test  are  0.03  to  0.11%  by  weight  of  C;  0.06  to 

0.35%  by  weight  of  Si;  0.61  to  1.62%  by  weight  of  Mn;  0.005  to  0.010%  by  weight  of  P;  0.0002  to  0.0027% 
by  weight  of  S;  and  0.0009  to  0.0042%  by  weight  of  Ca,  and  the  steel  was  tested  on  the  influences  of  Zr 

50  and  Al  upon  the  sour  resistance  and  the  toughness.  Thue  steel  was  melted  in  an  ordinary  smelting  process 
and  hot  rolled  into  a  steel  sheet,  11  mm  in  thickness,  and  the  steel  sheet  was  subjected  to  welding 
according  to  the  ordinary  process  to  make  an  ERW  steel  pipe.  Seam  normalization  was  applied  to  the  weld 
at  a  peak  temperature  of  950  0  to  1  ,020  0  C. 

As  outlined  in  Fig.  2,  a  test  piece  5  (thickness  t2  =  9  mm,  width  W  =  20  mm  and  length  1=1   00  mm) 
55  including  the  weld  of  the  steel  pipe  (wall  thickness  ti  =  1  1  mm)  was  machined  from  the  ERW  steel  pipe, 

and  evaluated  the  sour  resistance.  The  arrow  4  in  Fig.  2  shows  a  welding  direction.  Another  test  piece  of 
the  same  dimensions,  shape,  and  sampling  direction  was  machined  from  the  base  material  itself  and 
evaluated  the  sour  resistance. 
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The  evaluation  test  of  the  sour  resistance  was  carried  out  by  immersing  the  test  piece  into  an  aqueous 
5%  NaCI  solution  saturated  with  H2S  and  admixed  with  0.5%  CH3COOH  at  the  temperature  of  25  °C  and 
pH  2.8-3.8  for  96  hours  and  determining  the  formation  of  cracks.  As  outlined  in  Fig.  3  the  cracking  was 
identified  by  subjecting  the  test  piece  containing  the  weld  to  ultrasonic  inspection  with  respect  to  two  cross- 

5  sections  of  the  test  piece  5  and  then  to  microscopic  inspection  of  the  cross-sections. 
In  Fig.  3,  the  arrow  P  shows  the  ultrasonic  inspecting  direction  destined  for  the  cracking  in  parallel  to 

the  plate  surface  and  the  arrow  R  shows  the  ultrasonic  inspecting  direction  destined  for  the  cracking 
perpendicular  to  the  plate  surface.  The  sample  taken  from  the  base  material  itself  was  subjected  to 
ultrasonic  inspection  only  of  the  arrow  P  in  Fig.  3. 

10  On  the  other  hand,  the  toughness  was  evaluated  by  sampling  a  test  piece  according  to  JIS  No.  4  from 
ERW  steel  pipe  in  the  transverse  direction,  providing  a  notch  at  the  base  material  or  the  weld,  and 
measuring  the  toughness  in  base  material  and  a  difference  AvTrs  in  the  fracture  appearance  transition 
temperature  between  the  base  material  and  the  weld  (  =  vTrs  of  the  base  material  -  vTrs  of  the  weld). 

Fig.  4  is  a  diagram  showing  a  relationship  between  the  Zr  content  and  the  area  ratio  of  hydrogen 
15  induced  cracking  perpendicular  to  the  plate  surface.  It  can  be  seen  therefrom  that,  with  increasing  Zr 

content,  the  area  ratio  of  hydrogen  induced  cracking  perpendicular  to  the  plate  surface  is  considerably 
reduced  and  it  can  be  substantially  zero  above  0.001  %  by  weight  of  Zr. 

Fig.  5  is  a  diagram  showing  a  relationship  between  the  Al  content  in  steel  and  the  area  ratio  of 
hydrogen  induced  cracking  perpendicular  to  the  plate  surface.  As  is  obvious  from  Fig.  5,  the  area  ratio  of 

20  hydrogen  induced  cracking  perpendicular  to  the  plate  surface  is  zero  even  in  a  ratio  of  Zr/AI  <  2, 
irrespectively  of  the  Al  content  in  steel,  so  long  as  Zr  k  0.001%  by  weight,  and  a  good  sour  resistance  can 
be  stably  obtained.  The  area  ratio  of  hydrogen  induced  cracking  in  parallel  to  the  plate  surface  is  not  more 
than  5%  at  the  weld  and  also  in  the  base  material. 

Fig.  6  shows  a  diagram  showing  a  relationship  between  the  ratio  of  Zr/AI  and  the  fracture  appearance 
25  transition  temperature  of  base  material.  As  is  obvious  from  Fig.  6,  the  value  of  vTrs  is  increased  with 

increasing  ratio  of  Zr/AI,  deteriorating  the  toughness,  and  when  the  ratio  of  Zr/AI  is  less  than  2  by  weight, 
the  value  of  vTrs  is  suddenly  lowered,  and  steel  having  a  good  toughness  in  the  base  material  can  be 
obtained. 

Fig.  7  is  a  diagram  showing  a  relationship  between  the  Zr  content  and  the  difference  AvTrs  in  fracture 
30  apperance  transition  temperature.  As  is  obvious  from  Fig.  7,  AvTrs  is  substantially  zero  above  0.001%  by 

weight  of  Zr,  but  is  considerably  reduced  below  0.001  %  by  weight  of  Zr.  This  means  that  vTrs  at  the  weld 
is  considerably  increased,  as  compared  with  vTrs  in  the  base  material  when  Zr  <  0.001%  by  weight.  That 
is,  a  high  toughness  can  be  obtained  stably,  irrespectively  of  the  Al  content,  so  long  as  the  steel  contains 
not  less  than  0.001  %  by  weight  of  Zr. 

35  Combined  characteristics,  that  is,  a  distinguished  sour  resistance  in  the  base  material  and  at  the  weld 
and  a  high  toughness,  can  be  satisfied  by  controlling  the  Zr  content  so  that  a  ratio  of  Zr/AI  may  be  less  than 
2  by  weight  and  making  the  Zr  content  al  least  0.001  %  by  weight,  as  described  above. 

The  foregoing  relates  to  the  basic  components  of  the  present  invention,  and  in  the  present  invention 
(A)  at  least  one  of  Cu,  Ni  and  Cr  and/or  (B)  at  least  one  of  Mo,  V,  Ti  and  Nb  can  be  contained,  depending 

40  upon  the  individual  uses. 
Cu,  Ni  and  Cr  are  each  effective  for  increasing  the  corrosion  resistance  of  the  base  material  and 

reducing  the  amount  of  hydrogen  to  be  diffused  into  the  steel. 
Less  than  0.20%  by  weight  of  Cu  is  not  effective,  whereas  more  than  0.60%  by  weight  of  Cu  has  an 

adverse  effect  on  the  hot  workability.  Thus,  the  Cu  content  must  be  in  a  range  of  0.20  to  0.60%  by  weight. 
45  Less  than  0.1%  by  weight  of  Ni  is  not  effective,  wereas  more  than  1.0%  by  weight  of  Ni  has  a  fear  of 

including  a  stress  cracking  due  to  the  sulfide.  The  Ni  content  must  be  in  a  range  of  0.1  to  1.0%  by  weight. 
Ni  can  be  added  to  steel  in  the  foregoing  range  together  with  Cu  to  prevent  hot  brittleness  due  to  Cu. 

Less  than  0.2%  by  weight  of  Cr  is  not  effective,  whereas  more  than  3.0%  by  weight  of  Cr  lowers  the 
toughness  of  steel.  Thus,  the  Cr  content  must  be  in  a  range  of  0.2  to  3.0%  by  weight.  Cr  can  be  also  used 

50  as  an  element  capable  of  increasing  the  strength  and  toughness  by  its  addition  to  steel  having  a  Mn  content 
of  less  than  0.6%  by  weight  to  prevent  the  formation  of  MnS.  Cr  can  be  added  to  any  other  steel  to 
increase  the  strength  and  toughness. 

Mo,  V,  Ti  and  Nb  are  all  elements  capable  of  increasing  the  strength  of  steel,  and  equivalent  effects  on 
increase  in  the  strength  can  be  obtained  by  adding  0.10%  by  weight  or  more  of  Mo,  0.005%  by  weight  or 

55  more  of  Ti,  or  0.01%  by  weight  or  more  of  Nb  or  V,  whereas  more  than  1.0%  by  weight  of  Mo,  more  than 
0.1%  by  weight  of  Ti,  or  more  than  0.15%  by  weight  of  Nb  or  V  has  a  fear  of  lowering  the  toughness.  Thus, 
the  Mo  content  must  be  in  a  range  of  0.10  to  1.0%  by  weight,  the  Ti  content  in  a  range  of  0.005  to  0.1%  by 
weight,  a  ratio  of  (Ti  +  Zr)/AI  less  than  2  by  weight  and  the  Nb  or  V  content  in  a  range  of  0.01  to  0.15%  by 

6 



EP  0  270  952  B1 

weight. 
The  foregoing  alloy  components  may  be  added  alone  or  together. 
Inclusions  in  steel  resulting  from  deoxidation  by  Zr  and  addition  of  Ca  include  Zr02  as  a  deoxidation 

product,  CaO  or  CaS  produced  by  addition  of  Ca,  complex  oxides  composed  mainly  of  AI2O3,  etc.  and 
5  sulfides  resulting  from  contamination  from  the  refractories  or  from  auxiliary  deoxidation.  Among  these 

inclusions,  the  inclusion  component  that  inhibits  the  effect  of  the  present  invention  is  AI2O3  that  can  form  a 
compound  of  low  melting  point,  and  the  reduction  of  the  AI2O3  compound  is  the  greatest  feature  of  the 
present  invention.  As  a  result  of  detailed  studies,  the  present  inventors  have  found  that,  when  the  AI2O3 
content  in  the  inclusions  at  the  heat  affected  zone  exceeds  50%  by  weight,  most  of  inclusion  components 

10  are  converted  to  complex  oxides  which  are  composed  mainly  of  Ca  and  Al,  have  low  melting  points  and  are 
very  readily  deformed  into  flattened  forms.  This  is  the  reason  for  limiting  the  AI2O3  content  in  the  inclusions 
at  the  heat  affected  zone  to  not  more  than  50%  by  weight.  Thus,  the  lower  the  AI2O3  content,  the  better. 

In  the  present  steel,  more  than  0.010%  by  weight  of  N  as  an  impurity  has  a  welding  problem  and  is  not 
preferable,  and  not  more  than  0.010%  by  weight  of  N  has  no  considerable  influence  upon  the  quality  of 

15  steel,  but  the  lower  the  N  content,  the  better,  when  the  influence  upon  the  strain  aging,  toughness  at  the 
welded  peripheral  part,  etc.  are  taken  into  account.  On  the  other  hand,  the  O  content  is  not  more  than 
0.010%  by  weight  so  that  most  of  Ca  may  be  effectively  utilized  for  fixing  S  without  conversion  to  oxides, 
and  the  lower  the  O  content,  the  better. 

In  the  present  invention,  Ca  is  added  to  steel  for  fixing  S,  and  at  least  one  of  other  elements  effective 
20  for  fixing  S  than  Ca,  for  example,  rare  earth  metals  (REM)  including  Y,  alkali  and  alkaline  earth  metals  such 

as  Mg,  Ba,  etc.  can  be  used  alone  or  together  with  Ca. 
Steel  for  production  of  ERW  steel  pipe  according  to  the  present  invention  can  be  produced  only  by  hot 

rolling  or  by  hot  rolling  including  a  successive  controlled  cooling  step  or  further  steps  including  normaliza- 
tion,  tempering  or  hardening-tempering,  or  the  like  of  the  rolled  steel,  as  applied  to  the  ordinary  steel 

25  material.  Furthermore,  a  part  or  a  whole  of  an  of  ERW  steel  pipe  can  be  subjected  to  a  step  of 
normalization,  tempering  or  hardening-tempering  or  a  processing-heat  treatment  such  as  hot  drawing,  etc. 
after  pipe  formation. 

Application  of  any  or  a  plurality  of  the  steps  can  be  selected  in  view  of  the  required  characteristics  such 
as  strength,  toughness,  etc. 

30  The  present  invention  is  characterized  by  controlling  the  inclusions  at  the  heat  affected  zone  to  a  low 
AI2O3  content,  which  can  be  attained  only  by  carrying  out  the  deoxidation  by  Zr  before  the  addition  of  Ca. 
Because  when  the  deoxidation  by  Zr  is  carried  out  after  the  addition  of  Ca,  a  large  number  of  the  inclusions, 
which  have  low  melting  points  and  that  include  Ca  and  Al  as  main  components,  are  formed  at  the  heat 
affected  zone,  so  that  the  AI2O3  content  in  the  inclusions  at  the  zone  exceeds  50%  by  weight. 

35  One  object  of  using  Zr  in  the  deoxidation  in  the  present  invention  is  to  lower  the  oxygen  content  in  the 
molten  steel  and  allow  the  added  Ca  to  effectively  fix  S,  and  thus  for  the  achievement  of  this  object,  the 
deoxidation  by  Zr  must  be  also  carried  out  before  the  addition  of  Ca.  It  is  preferable  to  lower  the  oxygen 
content  in  the  molten  steel  by  vacuum  treatment  such  a  RH  treatment,  etc.  after  the  addition  of  Zr.  The 
oxygen  content  must  be  not  more  than  0.01  %  by  weight,  and  the  lower  the  oxygen  content,  the  better. 

40  The  effect  of  the  present  invention  will  be  described  in  detail  below,  referring  to  Example. 

Example 

Steels  having  compositions  shown  in  Table  1  were  produced  in  the  ordinary  smelting  process  and  hot 
45  rolled  to  steel  plates,  12.7  mm  in  thickness.  The  steel  plates  were  made  into  ERW  steel  pipes,  406  mm  in 

outer  diameter,  according  to  the  ordinary  process,  and  evaluated  the  sour  resistance  in  the  same  manner  as 
described  before.  The  results  are  shown  also  in  Table  1  . 

As  is  obvious  from  Table  1,  no  hydrogen  induced  cracking  occurred  at  the  weld  and  in  the  base 
material  in  the  present  steel  pipes,  and  the  decrease  in  the  toughness  at  the  weld  was  very  low.whereas  in 

50  the  reference  steel  pipes  hydrogen  induced  cracking  perpendicular  to  the  plate  surface  occurred  at  the  weld 
and  vTrs  was  considerably  increased  at  the  weld,  as  compared  with  that  in  the  base  material,  or  vTrs  was 
increased  in  the  base  material,  and  the  toughness  was  considerably  lowered  in  the  base  material  or  at  the 
weld.  Reference  steel  pipes  No.  33  and  34  are  examples  of  ERW  steel  pipes  which  were  prepared  from 
steels  carried  out  the  deoxidation  by  Zr  after  the  addition  of  Ca,  and  satisfied  the  requirements  of  the 

55  present  invention  for  the  chemical  composition  but  whose  AI2O3  contents  in  the  inclusions  at  the  welding 
heat-influenced  parts  exceeded  50%  by  weight,  resulting  in  formation  of  the  inclusions  in  a  flattened  form 
and  deterioration  of  the  low  temperature  toughness. 
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Table   1 

:hemica l   c o m p o n e n t s  

\   wt% 

Item  \   C  Si  Mn  Cr  Ni  Mo  V  T i  

No.  \  

1  0 .023  0.104  1 . 0 1  
2  0 .105  0.176  1.15  -  -  -  -  

(1)  3  0 .156  0 .221  1.24  -  -  
4  0 .155  0.200  1 . 4 4  
5  0 .075  0.149  1.09  -  -  -  
6  0 .139  0.206  1 .21  -  -  -  -  
7  0 .140  0.207  1 .21  -  0 . 4 2  
8  0 .131  0.199  1.20  0 . 2 5  

&  (2)  9  0 .072  0.146  1.09  -  0 . 2 6  
"2  10  0 .149  0.215  1.23  0.24  -  -  - . . .   -  

11  0 .040  0.117  1.04  0.29  0.25  -  
a  12  0 .037  0.115  1.03  0.27  0.19  -  -  -  
?>  13  0 .029  0.108  1 .01  -  -  0.25  -  0 . 0 1 2  
w  14  0 .105  0 .175  1.15  -  -  -  -  0 . 0 0 9  
^  15  0 .055  0.131  1.06  -  0 . 0 1 6 _  
g  16  0 .073  0.148  1.10  -  -  -  0 .139  0 . 0 0 7  
w  (3)  17  0 .055  0.131  1.06  -  -  -  0.055  0 . 0 2 2  
2  18  0 .089  0.162  1 .12  -  -  0.31  -  0 . 0 1 9  
*  19  0 .037  0.115  1.03  -  -  0.23  0 . 0 4 6  

20  0 .091  0.164  1.13  -  -  -  0 .053  0 . 0 1 2  
21  0 .079  0.152  1.10  -  -  0.29  0 . 0 4 8  
22  0 .087  0.160  1.12  -  -  0.26  -  0 . 0 1 5  
23  0 .047  0.124  1.05  -  0.31  -  -  0 . 0 1 7  

(4)  24  0 .084  0.157  1 .11  1 .24  -  0.17  0.056  0 . 0 1 1  
25  0 .021  0.101  1.00  0.30  0.22  0 . 9 8  

"  26  0 .159  0.224  1.25  2.33  -  0.24  0 .048  0 . 0 2 9  
27  0 .078  0.152  1.10  -  -  -  -  

n,  <u  28  0 .041   0.119  1.04  -  -  -  0 . 0 1 6  
u.5  29  0 .155  0.220  1.24  -  -  -  0 .057  0 . 0 6 0  
S  a  30  0 .157  0.222  1 .81  0 .22  -  
ft  ^  31  0 .051  0.247  1.18  2.21  -  0 . 1 8  
■2-8  32  0:048  0.197  1.41  -  -  -  0 .046  0 . 0 8 6  
g  +{  33  0 .052  0.255  1.30  -  0 . 0 1 2  

34  0.067  0.184  1.18  -  -  -  -  

I  to  oe  c o n t m u e c u  

o 
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r a b l e   1  ( c o n t i n u e d )  

Chemical   c o m p o n e n t s  

\   wt% 

Item  \   Nb  Cu  P  S  Ca  Al  Zr  

No.  \  

1  0 .003  0 .0003   0 .0011  0 .006  0 . 0 0 7  
2  -  -  0 .006  0 .0006   0 .0030  0 .016  0 . 0 0 6  

(1)  3  -  -  0 .008  0 .0005   0 .0041   0 .022  0 . 0 0 2  
4  0 .008  0 .0005   0 .0042   0 .023  0 . 0 0 7  
5  -  -  0 .005  0 .0008   0 .0038  0 .020  0 . 0 1 4  
6  -  0.33  0 .008  0 .0008  0 .0026  0 .013  0 . 0 1 2  
7  -  -  0 .008  0 .0007   0 .0038  0 .021  0 . 0 1 3  
8  -  -  0 .007  0 .0008   0 .0036  0 .019  0 . 0 0 7  

a  (2)  9  -  0.40  0 .008  0 .0005   0 .0040  0 .022  0 . 0 1 3  
7!.  10  -  0.44  0 .005  0 .0003   0 .0022  0 .013  0 . 0 0 5  

11  -  -  0 .003  0 .0003   0 .0015  0 .008  0 . 0 0 3  
a)  12  0.37  0 .003  0 .0003   0 .0014  0 .008  0 . 0 1 5  
2  13  0 .003  0 .0006   0 .0012   0 .017  0 . 0 0 2  
u  14  0 .144  -  0 .006  0 .0004   0 .0029  0.016  0 . 0 1 0  
-u  15  0 .049  -  0 .004  0  .0005  0 .0018  0  .030  0 . 0 0 8  
%  16  0 .005  0 .0004   0 .0022  0 .012  0 . 0 0 7  
«  (3)  17  -  -  0 .004  0 .0004   0 .0014  0.018  0 . 0 1 0  
u  18  0 .037  -  0 .005  0 .0005   0 .0026  0 .024  0 . 0 0 9  
01  19  0 .005  0 .0004   0 .0014  0.008  0 . 0 1 0  

20  0 .027  -  0 .003  0 .0008   0 .0027  0 .023  0 . 0 1 5  
21  0 .033  -  0 .009  0 .0008  0 .0024  0 .014  0 . 0 0 4  
22  -  0.34  0.008  0 .0011   0 .0026  0.014  0 . 0 0 7  
23  0 .040  -  0 .010  0 .0008   0 .0016  0.019  0 . 0 1 1  

(4)  24  0 .041   0.43  0 .011  0 .0010   0 .0024  0 .014  0 . 0 0 7  
25  -  -  0 .009  0 .0009   0 .0010  0.006  0 . 0 0 6  
26  0 .029  -  0 .007  0 .0004   0 .0042  0 .022  0 . 0 0 5  
27  -  -  0 .005  0 .0011   0 .0024  0 . 0 1 3  

a)  a>  28  0 .006  0 .0009   0 .0015  0 . 0 0 8  
e  .3  29  0 .040  0.23  0 .004  0 .0015   0 .0041  0 . 0 2 2  
«  Q  30  -  -  0 .003  0 .0007   0 .0042  0 .023  0 . 0 7 6  
<u  >h  31  0 .041   -  0 .004  0 .0011   0 .0018  0 . 0 2 4  
«  a>  32  0 .037  -  0 .009  0 .0046   0 .0021   0 . 0 1 1  
K  t!  33  -  -  0 .007  0 .0009   0 .0033  0 .013  0 . 0 0 7  

34  0 .036  -  0 .006  0 .0011   0 .0042  0 .014  0 . 0 0 6  

(to  be  c o n t i n u e d )  
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rable  1  ( c o n t i n u e d )  

^   ,  ,  ~  Weld  Base  Chemical   A1203  con-  Area  r a t i o   Area  r a t i o   m a t e r i a l  
components   ^   Qf  hydrogen   of  hydEogen  Area  r a t i o  

•k  i nduced   i nduced   of  h y d r o g e n  
\   wt%  hea t   a f -   c r a c k i n g   c r a c k i n g   in  i n d u c e d  

\   f  ec t ed   p e r p e n -   p a r a l l e l   to  c r a c k i n g   i n  
Item  \  d i c u l a r   to  the  p l a t e   p a r a l l e l   t o  

\   zone  the  p i a t e   s u r f a c e   the  p l a t e  No'  \   (%)  s u r f a c e   (%)  (%)  s u r f a c e   (%) 
1  27.1  0  0  0 
2  5.2  0  0  0 

(1)  3  16.3  0  0  0 
4  17.1  0  0  0 
5  15.2  0  0  0 
6  19.9  0  0  0 
7  8.9  0  0  0 
8  2.6  0  0  0 

8.  (2)  9  0.3  0  0  0 
"2  10  22.5  0  0  0 

11  21.1  0  0  0 
u  12  44.5  0  0  0 
J"  13  31.  0  0  0  0 
w  14  8.1  0  0  0 
v  15  8.8  0  0  0 
c  16  7.9  0  0  0 
to  (3)  17  16.6  0  0  0 
2  18  31.4  0  0  0 
*  19  21.9  0  0  0 

20  19.8  0  0  0 
21  15.5  0  0  0 
22  10.0  0  0  0 
23  9.7  0  0  0 

(4)  24  0.8  0  0  0 
25  1.7  0  0  0 
26  32.4  0  0  0 
27  61.3  18  2  3 

o>  28  54.4  16  3  6 
o  .3  29  72.9  10  1  9 
§  a  30  23.5  14  0  4 
ft  31  56.6  11  0  2 
•2  Si  32  85.1  3  7  42 
2  *>  33  61.7  17  0  1 

34  75.6  22  0  0 

(to  be  c o n t i n u e d )  

10 



EP  0  270  952  B1 

r a b l e   1  ( c o n t i n u e d )  

C h e m i c a l   v T r s  
c o m p o n e n t s   ^ 

r  i n  
\  wt%  .  „  Zr  Ti  +  Z r  
\   AvTrs  base   ^   A1 

I tem  \   
^oCj  m a t e r i a l  

M  
\   ( ° c )  

No.  \  

1 + 3   -  72  1 . 1 6 7  
2  -  1  -  60  0 . 3 7 5  

(1)  3  -  2  -  81  0 . 0 9 1  
4  -  1  -  79  0 . 3 0 4  
5  -  3  -  62  0 . 7 0 0  
6  -  1  -  64  0 . 9 2 3  
7  0  -  70  0 . 6 1 9  
8 - 1   -  66  0 . 3 6 8  

a  (2)  9  0  -  67  0 . 5 9 1  
'3.  10  0  -  88  0 . 3 8 5  

1 1 - 4   -  62  0 . 3 7 5  
<u  12  -  1  -  67  1 . 8 7 5  
2  1 3 - 1   -  69  -  0 . 8 2 4  
w  1 4 + 1   -  63  -  1 . 1 8 8  
4J  15  +  1  -  56  -  0  . 8 0 0  
S  1 6 - 1   -  64  -  1 . 1 6 7  
»  (3)  17  0  -  84  -  1 . 7 7 8  
u  18  0  -  70  -  1 . 1 6 7  
*  1 9 - 2   -  80  1 . 2 5 0  

20  0  -  71  -  1 . 1 7 4  
21  + 2   -  95  0 . 2 8 6  
22  + 2   -101  -  1 . 5 7 1  
2 3 - 3   -  65  -  1 . 4 7 4  

(4)  24  -  1  -  60  -  1 . 2 8 6  
25  0  -  65  1 . 0 0 0  
26  0  -  85  -  1 . 5 4 5  
27  -  42  -  60  -  0 . 0 0 0  

m  «  28  -  51  -  10  -  2 . 0 0 0  
u  .Q  29  -  38  +  20  -  2 . 7 2 7  
§  a  30  -  66  +  18  3 . 3 0 4  
SJ-h  31  -  59  -  70  -  0 . 0 0 0  
«m  o  32  -  13  +  23  -  7 . 8 1 8  
«  £  33  -  32  -  67  -  1 . 4 6 2  

34  -  41  -  71  0 . 4 2 9  

*  AvTrs  =  vTrs  in  base   m a t e r i a l   -  vTrs  at  w e l d  

As  is  evident  from  the  foregoing  Example,  the  present  invention  can  provide  a  highly  tough,  ERW  steel 
pipe  having  a  distinguished  low  temperature  toughness,  being  free  from  any  hydrogen  induced  cracking 
even  under  a  severe  environment  of  a  low  pH,  and  thus  can  greatly  contribute  to  the  development  of  the 
industry. 
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Claims 

1.  A  highly  tough,  electric-resistance-welded  (ERW)  steel  pipe  having  a  distinguished  sour  resistance, 
characterized  by 

5  being  prepared  from  steel  for  production  of  ERW  steel  pipe  consisting  of  0.01  to  0.35%  by  weight 
of  C;  0.02  to  0.5%  by  weight  of  Si;  0.1  to  1.8%  by  weight  of  Mn;  more  than  0.005  to  0.05%  by  weight 
of  Al;  0.0005  to  0.008%  by  weight  of  Ca;  0.001  to  0.015%  by  weight  of  Zr;  not  more  than  0.015%  by 
weight  of  P;  not  more  than  0.003%  by  weight  of  S;  the  ratio  of  Zr/AI  being  less  than  2  by  weight;  Cr,  Ni 
and/or  Cu  as  optional  components  in  amounts  of  0.2  to  0.6%  by  weight  of  Cu,  0.1  to  1.0%  by  weight  of 

io  Ni  and  0.2  to  3.0%  by  weight  of  Cr,;  and  the  balance  being  Fe  and  impurities  as  a  steel  material;  and 
having  a  welded  part  in  which  the  content  of  AI2O3  contained  in  inclusions  at  the  welding  heat 

affected  zone  is  not  more  than  50%  by  weight. 

2.  A  highly  tough,  ERW  steel  pipe  according  to  claim  1,  characterized  in  that  the  steel  contains  at  least 
15  one  of  0.2  to  3.0%  by  weight  of  Cr,  0.1  to  1  .0%  by  weight  of  Ni  and  0.2  to  0.6%  by  weight  of  Cu. 

3.  A  highly  tough,  electric-resistance-welded  (ERW)  steel  pipe  having  a  distinguished  sour  resistance, 
characterized  by 

being  prepared  from  steel  for  production  of  ERW  steel  pipe  consisting  of  0.01  to  0.35%  by  weight 
20  of  C;  0.02  to  0.5%  by  weight  of  Si;  0.1  to  1.8%  by  weight  of  Mn;  at  least  one  of  0.10  to  1.0%  by  weight 

of  Mo,  0.01  to  0.15%  by  weight  of  V,  0.005  to  0.10%  by  weight  of  Ti  and  0.01  to  0.15%  by  weight  of 
Nb;  more  than  0.005  to  0.05%  by  weight  of  Al;  0.0005  to  0.008%  by  weight  of  Ca;  0.001  to  0.015%  by 
weight  of  Zr;  not  more  than  0.015%  by  weight  of  P;  not  more  than  0.003%  by  weight  of  S;  a  ratio  of  (Ti 
+  Zr)/AI  being  less  than  2  by  weight;  Cr,  Ni,  and/or  Cu  as  optional  components  in  amounts  of  0.2  to 

25  0.6%  by  weight  of  Cu,  0.1  to  1.0%  by  weight  of  Ni  and  0.2  to  3.0%  by  weight  of  Cr,;  and  the  balance 
being  Fe  and  impurities  as  a  steel  material;  and 

having  a  welded  part  in  which  the  content  of  AI2O3  in  inclusions  at  welding  heat  affected  zone  is 
not  more  than  50%  by  weight. 

30  4.  A  highly  tough,  ERW  steel  pipe  according  to  claim  3,  characterized  in  that  the  steel  contains  at  least 
one  of  0.2  to  3.0%  by  weight  of  Cr,  0.1  to  1.0%  by  weight  of  Ni  and  0.2  to  0.6%  by  weight  of  Cu. 

Revendications 

35  1.  Tube  en  acier  a  haute  tenacite,  soude  par  resistance  electrique  et  presentant  une  resistance  elevee  aux 
acides,  tube  caracterise  en  ce  qu'il  est  prepare  a  partir  d'un  acier  de  fabrication  de  tube  en  acier  soude 
par  resistance  electrique  comprenant  de  0,01  a  0,35%  en  poids  de  C  ;  de  0,02  a  0,5%  en  poids  de  Si  ; 
de  0,1  a  1,8%  en  poids  de  Mn;  plus  de  0,005  a  0,05%  en  poids  de  Al  ;  de  0,0005  a  0,008%  en  poids 
de  Ca  ;  de  0,001  a  0,015%  en  poids  de  Zr  ;  pas  plus  de  0,015%  en  poids  de  P  ;  pas  plus  de  0,003% 

40  en  poids  de  S  ;  le  rapport  Zr/AI  etant  inferieur  a  2  en  poids;  Cr,  Ni  et/ou  Cu  etant  des  elements 
facultatifs  en  proportions  de  0,2  a  0,6%  en  poids  de  Cu,  0,1  a  1,0%  en  poids  de  Ni  et  0,2  a  3,0%  en 
poids  de  Cr;  et  le  complement  a  100%  etant  constitue  par  des  impuretes  de  Fe  d'un  materiau  d'acier; 

et  en  ce  que  le  tube  comporte  une  partie  soudee  dans  laquelle  la  teneur  en  AI2O3  des  inclusions  a 
I'endroit  de  la  zone  de  soudure  affectee  par  la  chaleur,  ne  depasse  pas  50%  en  poids. 

45 
2.  Tube  en  acier  a  haute  tenacite,  soude  par  resistance  electrique,  selon  la  revendication  1,  caracterise  en 

ce  que  I'acier  contient  au  moins  I'un  des  elements  comprenant  de  0,2  a  3,0%  en  poids  de  Cr,  de  0,1  a 
1,0%  en  poids  de  Ni  et  de  0,2  a  0,6%  en  poids  de  Cu. 

50  3.  Tube  en  acier  a  haute  tenacite,  soude  par  resistance  electrique  et  presentant  une  resistance  elevee  aux 
acides,  tube  caracterise  en  ce  qu'il  est  prepare  a  partir  d'un  acier  de  fabrication  de  tube  en  acier  soude 
par  resistance  electrique  comprenant  de  0,01  a  0,35%  en  poids  de  C  ;  de  0,02  a  0,5%  en  poids  de  Si  ; 
de  0,1  a  1,8%  en  poids  de  Mn  ;  au  moins  I'un  des  elements  comprenant  de  0,10  a  1,0%  en  poids  de 
Mo,  de  0,01  a  0,15%  en  poids  de  V,  de  0,005  a  0,10%  en  poids  de  Ti  et  de  0,01  a  0,15%  en  poids  de 

55  Nb;  plus  de  0,005  a  0,05%  en  poids  de  Al;  de  0,0005  a  0,008%  en  poids  de  Ca;  de  0,001  a  0,015%  en 
poids  de  Zr;  pas  plus  de  0,015%  en  poids  de  P;  pas  plus  de  0,003%  en  poids  de  S;  un  rapport  (Ti  + 
Zr)/AI  inferieur  a  2  en  poids;  Cr,  Ni  et/ou  Cu  constituant  des  elements  facultatifs  en  proportions  de  0,2  a 
0,6%  en  poids  de  Cu,  de  0,1  a  1,0%  en  poids  de  Ni  et  de  0,2  a  3,0%  en  poids  de  Cr;  et  le 
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complement  a  100%  etant  constitue  par  des  impuretes  de  Fe  d'un  materiau  d'acier; 
et  en  ce  que  le  tube  comporte  une  partie  soudee  dans  laquelle  la  teneur  en  AI2O3  des  inclusions  a 

I'endroit  de  la  zone  de  soudure  affectee  par  la  chaleur,  ne  depasse  pas  50%  en  poids. 

5  4.  Tube  en  acier  a  haute  tenacite,  soude  par  resistance  electrique,  selon  la  revendication  3,  caracterise  en 
ce  que  I'acier  contient  au  moins  I'un  des  elements  comprenant  de  0,2  a  3,0%  en  poids  de  Cr,  de  0,1  a 
1,0%  en  poids  de  Ni  et  de  0,2  a  0,6%  en  poids  de  Cu. 

Patentanspruche 
10 

1.  Hochfeste,  elektrowiderstandsgeschwei/Ste  (ewg)  Stahlrohre  mit  guter  Bestandigkeit  gegen  Saure, 
dadurch  gekennzeichnet, 
da/S  bei  der  Herstellung  der  ewg-Stahlrohre  ein  Stahl  mit  folgenden  Bestandteilen  eingesetzt  wird:  0,01 
bis  0,35  Gew.-%  C,  0,02  bis  0,5  Gew.-%  Si,  0,1  bis  1,8  Gew.-%  Mn,  uber  0,005  bis  0,05  Gew.-%  Al, 

15  0,0005  bis  0,008  Gew.-%  Ca,  0,001  bis  0,015  Gew.-%  Zr,  hochstens  0,015  Gew.-%  P,  hochstens  0,003 
Gew.-%  S,  wobei  das  Gewichtsverhaltnis  von  Zr/AI  weniger  als  2  betragt,  Cr,  Ni  und/oder  Cu  als 
optionale  Komponenten  mit  Anteilen  von  0,2  bis  0,6  Gew.-%  Cu,  0,1  bis  1,0  Gew.-%  Ni  und  0,2  bis  3,0 
Gew.-%  Cr,  und  dem  Rest  Fe  und  Verunreinigungen,  und 
mit  einem  geschwei/Sten  Teil,  in  dem  der  Gehalt  an  AI2O3  in  Einschlussen  in  der  durch  die  Schwei/S- 

20  warme  beeinflu/Sten  Zone  hochstens  50  Gew.-%  betragt. 

2.  Hochfeste  ewg-Stahlrohre  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/S  der  Stahl  mindestens  0,2 
bis  3,0  Gew.-%  Cr,  0,1  bis  1,0  Gew.-%  Ni  und/oder  0,2  bis  0,6  Gew.-%  Cu  enthalt. 

25  3.  Hochfeste,  elektrowiderstandsgeschwei/Ste  (ewg)  Stahlrohre  mit  guter  Bestandigkeit  gegen  Saure, 
dadurch  gekennzeichnet, 
da/S  bei  der  Herstellung  der  ewg-Stahlrohre  ein  Stahl  mit  den  folgenden  Bestandteilen  eingesetzt  wird: 
0,01  bis  0,35  Gew.-%  C,  0,02  bis  0,5  Gew.-%  Si,  0,1  bis  1,8  Gew.-%  Mn,  mindestens  ein  Bestandteil 
aus  der  Gruppe  von  0,10  bis  1,0  Gew.-%  Mo,  0,01  bis  0,15  Gew.-%  V,  0,005  bis  0,10  Gew.-%  Ti  und 

30  0,01  bis  0,15  Gew.-%  Nb,  uber  0,005  bis  0,05  Gew.-%  Al,  0,0005  bis  0,008  Gew.-%  Ca,  0,001  bis 
0,015  Gew.-%  Zr,  hochstens  0,015  Gew.-%  P,  hochstens  0,003  Gew.-%  S,  wobei  das  Gewichtsverhalt- 
nis  (Ti  +  Zr)/AI  weniger  als  2  betragt,  Cr,  Ni  und/oder  Cu  als  optionale  Komponenten  in  Anteilen  von 
0,2  bis  0,6  Gew.-%  Cu,  0,1  bis  1,0  Gew.-%  Ni  und  0,2  bis  3,0  Gew.-%  Cr,  und  dem  Rest  Fe  und 
Verunreinigungen,  und 

35  mit  einem  geschwei/Sten  Teil,  in  dem  der  Gehalt  an  AI2O3  in  Einschlussen  in  der  durch  die  Schwei/S- 
warme  beeinflu/Sten  Zone  hochstens  50  Gew.-%  betragt. 

4.  Hochfeste  ewg-Stahlrohre  nach  Anspruch  3,  dadurch  gekennzeichnet,  da/S  der  Stahl  0,2  bis  3,0 
Gew.-%  Cr,  0,1  bis  1,0  Gew.-%  Ni  und/oder  0,2  bis  0,6  Gew.-%  Cu  enthalt. 

40 

45 

50 

55 
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Fig .   1 
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Fig .   2 
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