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Ni-based  alloys. 

A  Ni-based  alloy  consisting  of,  by  weight  : 
(a)  Cr  5  to  41% 
(b)  A1  8  to  16% 
(c)  Fe  5  to  30%  (except 

that  when  both  Cr  is 
28  to  31%  and  A1  is 
10  to  11%,  Fe  is 
optionally  present 
in  an  amount  up  to 
30%) 

(d)  optionally,  Ti  up  to  5% 
(e)  optionally,  B  up  to  0.1% 
(f)  optionally,  at  least  one  element  selected  from  the  elements  of  Groups  2A  and  3A  of  the  Periodic 

Table,  the  lanthanoid  elements  (including  Y),  Zr,  Hf  and  Si  in  an  amount  in  the  range  0.05  to  2.5% 
(g)  remainder  Ni  and  unavoidable  impurities. 
This  Ni-based  alloy  can  have  high-temperature  strength,  good  oxidation  resistance  and  excellent 

resistance  to  sulfate  corrosion.  It  may  also  be  hardly  affected  by  the  thermal  history  and  have  excellent 
strength  stability  and  hardness  stability.  Furthermore,  the  alloy  may  have  a  relatively  low  specific  gravity 
and  be  advantageous  in  specific  strength. 
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The  present  invention  relates  to  a  Ni-based  alloy  which  can  be  superior  in  oxidation  resistance,  high- 
temperature  strength,  stability  to  thermal  history,  etc.  and  can  have  an  improved  resistance  to  sulfate  corro- 
sion. 

Research  and  development  are  being  made  actively  on  alloys  superior  in  high-temperature  strength,  ox- 
5  idation  resistance,  etc.  for  their  use  as  a  material  for  gas  turbines,  engine  parts,  heaters,  electric  furnaces, 

etc.  For  example,  a  Fe-based  alloy  typified  by  Kanthal  alloy  (Fe-  21Cr-5.5AI)  is  known  as  an  alloy  having  a 
higher  oxidation  resistance  than  stainless  steel.  Further,  a  Ni-based  super  alloy  such  as  Inconel  X-750  [Ni- 
15Cr-7Fe-0.7AI-2.5Ti-1(Nb+Ta)]  is  known  as  an  alloy  having  a  high  strength  at  high  temperatures.  Further- 
more,  a  Ni-Cr-AI  alloy  containing  not  more  than  5%  by  weight  of  Al,  typified  by  a  Haynes  214  alloy  (Ni-16Cr- 

w  4.5AI-2Fe)  is  known  as  an  alloy  having  a  high  strength  at  high  temperatures  and  an  oxidation  resistance.  Also, 
NiaAl  is  known  as  an  intermetallic  compound  having  a  high  strength  at  high  temperatures. 

Further,  in  Japanese  Patent  Application  Kokai  (Laid-Open)  No.  358037/1992  is  disclosed,  as  a  Ni-based 
heat-resistant  alloy  having  an  excellent  high-temperature  strength  and  an  excellent  corrosion  resistance,  a  Ni- 
based  heat-resistant  alloy  which  comprises  not  more  than  0.01%  (by  weight)  of  C,  not  more  than  1.0%  of  Si, 

15  not  more  than  0.2%  of  Mn,  more  than  5%  but  not  more  than  18%  of  Cr,  4.5-12%  of  Al,  at  least  one  element 
selected  from  B  (0.001-0.03%),  Zr  (0.01-0.3%),  Hf  (0.05-1.0%),  Ti  (0.05-1.0%)  and  Mg  (0.001-0.02%),  and  the 
remainder  of  Ni  or  Ni,  Fe  (not  more  than  5%)  and  unavoidable  impurities. 

Further  in  Japanese  Patent  Application  Kokai  (Laid-Open)  No.  86840/1988  is  disclosed  a  Ni-Fe-AI  alloy 
which  has  a  high  yield  strength  at  high  temperatures,  a  good  ductility,  a  good  oxidation  resistance  and  good 

20  high-temperature  processability. 
Also  in  U.S.  Patent  No.  4,359,352  is  disclosed  a  boron-containing  Ni-based  super  alloy  produced  by  rapid 

solidification. 
The  above  alloys,  however,  have  respective  problems.  That  is,  the  Fe-based  alloy  (e.g.  Kanthal  alloy)  has 

a  relatively  small  strength  and  a  relatively  small  hardness  at  high  temperatures.  The  Ni-based  super  alloy  such 
25  as  Inconel  X-750  contains  Ta,  Nb,  W,  Mo  and  Co  for  strength  improvement;  however,  these  elements  are  stra- 

tegic  elements  and  have  problems  of  high  cost  and  unstable  supply,  etc.  In  addition,  while  in  such  a  super  alloy, 
the  oxidation  resistance  is  exhibited  by  a  Cr2O3  film  formed  on  the  surface,  the  Cr2O3  film  has  a  high  vapor 
pressure  and  does  not  act  as  a  protective  film  at  temperatures  of  1,000°C  or  higher,  resulting  in  insufficient 
oxidation  resistance. 

30  The  Ni-Cr-AI  alloy  typified  by  Haynes  214  alloy,  which  is  known  as  an  alloy  having  a  high-temperature 
strength  and  an  oxidation  resistance,  contains  Al  in  an  amount  of  only  5%  by  weight  or  less  and  accordingly 
has  an  insufficient  oxidation  resistance.  Further,  the  alloy  has  a  problem  of  peeling-off  of  the  oxide  film,  and 
is  greatly  affected  by  the  thermal  history  because  of  the  too  small  particles  of  the  y'  phase  precipitated  and 
consequently  has  inferior  stabilities  in  strength  and  hardness. 

35  The  Ni-based  super  alloy,  the  Haynes  alloy,  etc.  moreover  have  a  large  specific  gravity  (8.05  g/cc)  and 
resultantly  have  a  small  specific  strength  (specific  strength  =  strength  per  unit  weight),  which  poses  a  problem 
when  they  are  used  in  the  form  of  a  rotor,  etc. 

Ni3AI  exhibits  a  high  strength  at  high  temperatures  and  has  an  excellent  oxidation  resistance.  However, 
since  the  alloy  shows  brittle  fracture,  a  special  step  such  as  quenching  or  the  like  is  required  in  order  for  the 

40  alloy  to  have  higher  reliability,  as  described  in,  for  example,  Japanese  Patent  Application  Kokai  (Laid-Open) 
No.  76639/1986. 

An  alloy  containing  a  large  amount  of  boron,  such  as  described  in  U.S.  Patent  No.  4,359,353  has  an  in- 
sufficient  oxidation  resistance. 

The  Ni-based  heat-resistant  alloy  described  in  Japanese  Patent  Application  Kokai  (Laid-Open)  No. 
45  358037/1  992  contains  Fe  in  a  small  amount  and  has  no  sufficient  resistance  to  sulfate  corrosion.  It  is  therefore 

difficult  to  use  the  alloy,  for  example,  as  a  material  for  gas  turbines,  parts  of  automobile  exhaust  systems,  etc. 
(these  turbines  and  parts  are  exposed  to  the  sulfur  contained  in  the  fuel  used). 

The  Ni-based  alloy  described  in  Japanese  Patent  Application  Kokai  (Laid-Open)  No.  86840/1  988  contains 
no  Crand  has  insufficient  resistances  to  sulfate  corrosion  and  solution  corrosion.  Thus,  the  alloy  has  the  same 

so  problem  as  the  above  Ni-based  heat-resistant  alloy. 
The  present  invention  has  been  completed  in  view  of  the  above-mentioned  problems  of  the  prior  art.  The 

object  of  the  present  invention  is  to  provide  a  Ni-based  alloy  which  has  a  high-temperature  strength,  an  oxi- 
dation  resistance,  an  improved  resistance  to  sulfate  corrosion,  a  high  specific  strength  and  excellent  stability 
to  thermal  history,  or  one  or  more  of  these  properties. 

55  in  one  aspect  the  invention  is  set  out  in  claim  1  . 
According  to  the  present  invention  there  is  provided  a  Ni-based  alloy  comprising  5-41%  by  weight  of  Cr, 

more  than  8%  by  weight  but  not  more  than  16%  by  weight  of  Al,  more  than  5%  by  weight  but  not  more  than 
30%  by  weight  of  Fe  and  the  remainder  of  Ni  and  unavoidable  impurities. 
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According  to  the  present  invention  there  is  further  provided  a  Ni-based  alloy  comprising  28-31%  by  weight 
of  Cr,  10-11%  by  weight  of  Al,  not  more  than  5%  by  weight  of  Fe  and  the  remainder  of  Ni  and  unavoidable  im- 
purities. 

According  to  the  present  invention  there  is  furthermore  provided  a  Ni-based  alloy  comprising,  in  addition 
5  to  the  components  of  the  above  alloy,  not  more  than  5%  by  weight  of  Ti,  or  not  more  than  0.1  %  by  weight  of 

B,  or  0.05-2.5%  by  weight  of  at  least  one  element  selected  from  the  group  consisting  of  the  group  2Aand  group 
3A  elements  of  periodic  table,  the  lanthanoid  elements,  Zr,  Hf  and  Si. 

Of  the  components  contained  in  the  Ni-based  alloy  of  the  present  invention,  Cr  has  an  effect  of  allowing 
the  alloy  to  have  a  large  hardness  at  room  temperature.  The  Cr  content  is  limited  to  5-41%  by  weight  in  the 

w  present  alloy  in  view  of  the  resistance  to  sulfate  corrosion.  When  the  Cr  content  is  less  than  5%  by  weight,  no 
protective  film  against  sulfate  corrosion  is  formed.  When  the  Cr  content  is  more  than  41%  by  weight,  the  Ni 
content  is  low  correspondingly,  resulting  in  low  protectability.  The  Cr  content  is  preferably  as  high  as  possible 
in  view  of  the  light  we  ightness  (small  specific  gravity)  of  the  alloy,  but  a  preferable  Cr  content  is  15-30%  by 
weight  in  view  of  the  resistance  to  sulfate  corrosion.  The  Cr  content  is  preferably  not  more  than  20%  by  weight 

15  in  view  of  the  weight  increase  by  oxidation,  and  is  preferably  not  more  than  10%  by  weight  or  not  less  than 
25%  by  weight  in  view  of  the  stability  to  thermal  history. 

Al  is  a  source  forformation  of  an  alumina-based  protective  film  and  is  an  element  effective  for  improvement 
in  oxidation  resistance.  Al  exhibits  a  striking  effect  when  the  content  is  more  than  8%  by  weight.  The  Al  content 
is  preferably  as  high  as  possible  in  view  of  the  light  we  ightness  of  the  alloy  but  is  limited  to  more  than  8%  by 

20  weight  to  16%  by  weight  in  the  present  alloy  because  an  Al  content  higher  than  16%  by  weight  gives  a  brittle 
alloy.  The  Al  content  of  the  present  alloy  is  more  preferably  10-13%  by  weight  in  view  of  the  improvement  in 
oxidation  resistance  and  the  prevention  of  brittleness. 

Fe  imparts  an  improved  resistance  to  sulfate  corrosion  at  a  content  higher  than  5%  by  weight,  and  gives 
a  more  striking  effect  at  a  content  of  8%  by  weight  or  more.  The  Fe  content  is  preferably  as  high  as  possible 

25  in  view  of  the  light  we  ightness  of  the  alloy  but  is  limited  to  more  than  5%  by  weight  to  30%  by  weight  in  the 
present  alloy  because  a  Fe  content  higher  than  30%  by  weight  gives  an  alloy  of  low  high-temperature  hardness. 
The  total  content  of  Cr  and  Fe  is  preferably  not  more  than  1  5%  by  weight  in  view  of  the  high-temperature  hard- 
ness.  The  Fe  content  is  preferably  not  higher  than  20%  by  weight  in  view  of  the  weight  increase  by  oxidation 
and  is  preferably  not  more  than  10%  by  weight  to  reduce  the  peeling-off  amount. 

30  It  was  confirmed  that  even  when  the  Fe  content  is  zero  or  as  low  as  5%  by  weight  or  less,  as  long  as  the 
Cr  content  is  28-31%  by  weight  and  the  Al  content  is  10-11%  by  weight,  the  resulting  alloy  has  a  satisfactory 
resistance  to  sulfate  corrosion  and  exhibits  good  alloy  properties,  as  compared  with  when  the  Fe  content  is  5- 
30%  by  weight.  This  is  because  the  Al  content  is  sufficient  and  the  Cr  content  is  appropriate,  whereby  a  superior 
protective  film  is  formed.  Preferably  Fe  is  at  least  1%. 

35  Ti  has  an  effect  of  imparting  improved  hardness  at  room  temperature  and  high  temperatures  to  the  present 
alloy.  Hence,  the  present  alloy  may  comprise  Ti  in  an  amount  of  not  more  than  5%  by  weight,  in  addition  to  the 
above-mentioned  components.  When  the  Ti  content  is  higher  than  5%  by  weight,  the  resulting  alloy  is  brittle. 
Further,  with  the  increase  in  Ti  content,  the  melting  point  of  the  resulting  alloy  decreases.  Preferably  Ti  is  at 
least  0.1%. 

40  The  present  alloy  may  comprise  not  more  than  0.1  %  by  weight  of  B  for  the  purpose  of  increasing  the  duc- 
tility.  With  a  B  content  of  more  than  0.1%  by  weight,  the  resulting  alloy  has  inferior  oxidation  resistance.  Pre- 
ferably  B  is  at  least  0.01%. 

Preferably,  the  Ni-based  alloy  of  the  present  invention  comprises  0.05-2.5%  by  weight  of  each  of  at  least 
one  element  selected  from  the  group  2Aand  group  3A  elements  of  periodic  table,  the  lanthanoid  elements, 

45  Zr,  Hf  and  Si.  The  total  amount  of  these  elements  is  preferably  not  more  than  5%.  More  preferably,  the  present 
alloy  comprises  said  amount  of  at  least  one  element  selected  from  the  group  consisting  of  Hf,  Y,  Zr,  Nd,  Ce, 
Ca  and  Si.  With  the  presence  of  these  elements,  the  oxide  film  of  the  alloy  has  higher  adhesivity.  The  test 
conducted  for  the  dependency  of  adhesivity  on  oxidation  temperature  indicates  that  the  alloy  of  the  present 
invention  shows  a  good  adhesivity  at  1  ,050°C.  In  order  to  secure  an  adhesivity  even  at  1  ,  1  50°C,  it  is  preferable 

50  to  add  Si  and  Hf,  Ca  and/or  Zr. 
It  is  also  preferable  to  allow  the.  Ni-based  alloy  of  the  present  invention  to  comprise  a  y'  phase  and  a  y 

phase.  The  presence  of  y'  phase  results  in  higher  high-temperature  hardness,  and  the  presence  of  y  phase 
provides  plastic  fracture. 

The  present  invention  is  hereinafter  described  in  more  detail  by  way  of  Example.  However,  the  present 
55  invention  is  in  no  way  restricted  to  the  Example. 

There  were  mixed  electrolytic  iron,  electrolytic  chromium,  aluminum,  nickel  for  casting  (these  are  essential 
raw  materials)  and,  as  necessary,  auxiliary  raw  materials  such  as  Ti,  B,  Hf  and  the  like.  The  mixture  was  sub- 
jected  to  induction  melting  in  Ar,  then  kept  at  1,150°C  for  100  hours  in  Ar,  and  cooled  slowly,  whereby  various 
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alloy  bars  having  the  compositions  shown  in  Tables  1-10  were  obtained.  Separately,  there  were  prepared,  for 
comparison  with  the  present  invention,  various  alloy  bars  or  sheets  (these  are  known  alloys)  having  the  com- 
positions  shown  in  Table  11.  From  each  alloy  bar  or  sheet  were  cut  out  test  pieces  to  conduct  various  tests. 
The  test  items  and  test  methods  employed  are  shown  below.  The  test  results  are  shown  in  Tables  1-11. 

5 
Oxidation  test 

Atest  piece  was  placed  in  an  alumina-based  crucible  with  a  lid.  The  crucible  was  kept  at  1,150°C  for  100 
hours  or  at  1  ,050°C  for  200  hours,  in  air.  Then,  the  test  piece  was  measured  for  weight  change  per  unit  area, 

w  and  the  weight  change  per  unit  area  was  taken  as  the  "weight  increase  by  oxidation"  of  the  test  piece.  When 
there  were  present  oxide  scales  (separated  from  the  test  piece  by  peeling-off)  in  the  crucible,  the  weight  of 
the  oxide  scales  separated  was  measured  to  calculate  the  amount  of  scales  separated  per  unit  area.  Then, 
the  following  formula  was  calculated  to  obtain  an  "adhesivity  (%)". 
Adhesivity  (%)  =  1  00  x  [1  -  (amount  of  oxide  film  separated,  mg/cm2)/(total  amount  of  oxide  film,  mg/cm2)] 

15  (1) 
Here,  if  "weight  increase  by  oxidation"  is  assumed  to  be  the  amount  of  oxygen  present  in  oxide  film  and 

the  oxide  film  is  assumed  to  consist  of  AI2O3  alone,  the  following  is  obtained. 

20  T o t a l   amount   of  o x i d e   f i l m  

=  ( o x y g e n   amoun t )   x  (  A l 2 0 3 / 3 x o x y g e n )  

25  =  ( w e i g h t   i n c r e a s e   by  o x i d a t i o n )   x  ( 2 6 . 9 8 x 2 + 1 6 x 3 ) /  

( 3 x 1 6 )  

=  ( w e i g h t   i n c r e a s e   by  O x i d a t i o n )   x  2 . 1 2 4 1   ( 2 )  •SO 

Hence,  from  the  formulas  (1)  and  (2),  the  following  is  obtained. 

35  A d h e s i v i t y   (%)  =  100  -  100  x  ( amoun t   of  o x i d e   f i l m  

s e p a r a t e d ,   mg/cm2  ) / [   ( w e i g h t   i n c r e a s e   b y  

40  o x i d a t i o n ,   mg/cm2)  x  2 . 1 2 4 1 ]  

=  100  -  47 .1   x  ( amount   of  o x i d e   f i l m  

s e p a r a t e d ,   mg/cm2  )/(  w e i g h t   i n c r e a s e   b y  
45 

o x i d a t i o n ,   mg/cm2) 

Test  for  evaluation  of  stability  to  thermal  history 
50 

Atest  piece  was  measured  for  Vickers  hardness  at  room  temperature.  Then,  the  test  piece  was  heated  to 
800°C  in  Arand  measured  for  Vickers  hardness  at  800°C.  The  test  piece  was  further  heated  to  1,000°C,  after 
which  the  electric  current  was  cut  off  and  the  test  piece  was  allowed  to  cool  to  room  temperature.  The  test 
piece  was  again  measured  for  Vickers  hardness  at  room  temperature.  The  difference  in  Vickers  hardness  be- 

55  tween  two  room  temperatures,  i.e.  AHV  was  calculated  to  use  it  for  evaluation  of  the  stability  to  thermal  history, 
of  the  test  piece. 
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Crystalline  phase(s) 

The  crystalline  phase(s)  of  each  test  piece  was  (were)  determined  from  both  the  X-ray  diffraction  and  the 
structure  observation. 

5 
Bulk  specific  gravity 

Was  measured  by  the  Archimedes's  method. 

w  Test  for  resistance  to  sulfate  corrosion 

An  aqueous  solution  containing  NaCI  and  Na2SO4  at  a  weight  ratio  of  5:5  was  coated  on  one  side  of  a  test 
piece  so  that  the  coated  solution  gave  a  solid  content  of  5  mg/cm2.  The  resulting  piece  was  placed  in  a  crucible 
as  in  the  oxidation  test,  and  the  crucible  was  kept  at  850°C  for  1  00  hours  in  air.  Then,  the  test  piece  was  washed 

15  with  water  and  measured  for  weight  change.  The  weight  change  was  divided  by  the  initial  area.  The  resulting 
value  was  used  for  evaluation  of  the  resistance  to  sulfate  corrosion,  of  the  test  piece.  A  smaller  value  is  better. 

Tensile  test 

20  It  is  known  that  strength  has  a  positive  correlation  to  hardness.  Therefore,  tensile  strength  was  measured 
only  for  representative  alloys.  A  test  piece  was  prepared,  by  cutting,  so  as  to  have  25  mm  (length)  x  2  mm  x  6 
mm  and  measured  for  tensile  strength  in  accordance  with  JIS  G  0567  (1978). 
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The  above  test  results  indicate  that  the  alloy  of  the  present  invention  has  good  properties,  as  explained 
in  detail  below. 

55  Firstly,  in  Tables  1-5,  there  can  be  confirmed  the  improvement  in  resistance  to  sulfate  corrosion,  imparted 
by  Fe  and  the  improvement  in  room  temperature  hardness,  imparted  by  Cr.  Alloy  Nos.  1,  7  and  13  (each  con- 
taining  no  Fe)  and  alloy  Nos.  2,  8,  14  and  25  (each  containing  not  more  than  5%  by  weight  of  Fe)  are  inferior 
in  resistance  to  sulfate  corrosion.  Alloy  Nos.  6,  12,  18,  24  and  30,  which  contain  more  than  30%  by  weight  of 
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Fe,  have  good  resistances  to  sulfate  corrosion  but  show  large  weight  increase  by  oxidation.  However,  alloy 
Nos.  19  and  20,  which  contain  no  Fe  or  only  5%  by  weight  or  less  of  Fe,  show  good  properties  because  they 
contain  28-31  %  by  weight  of  Cr  and  10-11  %  by  weight  of  Al.  Alloy  No.  31  ,  which  contains  less  than  5%  by  weight 
of  Cr,  has  an  insufficient  hardness  at  room  temperature  and  an  inferior  resistance  to  sulfate  corrosion.  Alloy 

5  Nos.  25  and  32,  which  contain  more  than  41%  by  weight  of  Cr,  have  relatively  high  hardnesses  at  room  tem- 
perature  but  inferior  resistances  to  sulfate  corrosion. 

Next,  in  Tables  6  and  7,  the  improvement  in  oxidation  resistance,  etc.,  imparted  by  Al  can  be  confirmed. 
Alloy  No.  33,  which  contains  less  than  8%  by  weight  of  Al,  shows  a  large  weight  increase  by  oxidation  and  is 
very  low  in  resistance  to  sulfate  corrosion.  Alloy  No.  42,  which  contains  more  than  16%  by  weight  of  Al,  was 

w  fragile  and  allowed  for  no  sample  preparation. 
In  Table  8,  the  improvement  in  hardness,  imparted  by  Ti  can  be  confirmed.  However,  alloy  No.  43,  which 

contained  more  than  5%  of  Ti,  allowed  for  no  sample  preparation. 
In  Table  9,  there  can  be  confirmed  the  improvement  in  adhesivity  of  oxide  film,  imparted  by  Hf,  Y,  Zr,  Nd, 

Ce  and  Ca. 
15  In  Table  10,  the  comparison  of  alloy  Nos.  57-64  with  alloy  No.  65  indicates  that  sufficient  adhesivity  is  ob- 

tained  at  1  ,050°C  even  if  none  of  Hf,  Y,  Zr,  Nd,  Ce,  Ca,  Si,  etc.  is  present.  The  comparison  of  alloy  Nos.  57-61 
with  alloy  Nos.  62-65  indicates  that  good  adhesivity  is  obtained  even  at  1,150°C  when  Si  and  Hf,  Ca  and/or 
Zr  are  added.  The  comparison  of  alloy  No.  66  with  alloy  Nos.  65,  9,  34,  37,  39  and  40  indicates  that  the  inclusion 
of  B  in  a  large  amount  gives  a  significantly  large  weight  increase  by  oxidation. 

20  Table  11  shows  the  test  results  of  various  known  alloys.  These  alloys,  when  compared  with  the  Ni-based 
alloys  of  the  present  invention,  are  generally  inferior  in  resistance  to  sulfate  corrosion  and,  except  for  M3AI, 
have  large  specific  gravities. 

In  tensile  test,  alloy  No.  7  and  M3AI  each  containing  a  y'  phase  alone  gave  elongations  of  1%  or  less  and 
showed  brittle  fracture,  while  alloy  Nos.  36  and  39  each  containing  a  y'  phase  and  a  y  phase  gave  elongations 

25  of  34%  and  18%,  respectively,  and  showed  plastic  deformation. 
As  described  above,  Ni-based  alloys  of  the  present  invention  have  high-temperature  strength,  good  oxi- 

dation  resistance  and  an  excellent  resistance  to  sulfate  corrosion.  Further,  the  alloy  may  be  hardly  affected  by 
the  thermal  history  and  be  superior  also  in  strength  and  hardness.  Furthermore,  the  alloy  can  have  a  relatively 
small  specific  gravity  and  be  advantageous  in  specific  strength. 

30 

Claims 

1.  A  Ni-based  alloy  consisting  of,  by  weight: 
35  (a)Cr  5  to  41% 

(b)AI  8  to  16% 
(c)  Fe  5  to  30%  (except  that  when  both  Cr  is  28  to  31  %  and  Al  is  1  0  to  11  %,  Fe  is  optionally  present 
in  an  amount  up  to  30%) 
(d)  optionally,  Ti  up  to  5% 

40  (e)  optionally,  B  up  to  0.1% 
(f)  optionally,  at  least  one  element  selected  from  the  elements  of  Groups  2A  and  3A  of  the  Periodic 
Table,  the  lanthanoid  elements  (including  Y),  Zr,  Hf  and  Si  in  an  amount  in  the  range  0.05  to  2.5% 
(g)  remainder  Ni  and  unavoidable  impurities. 

45  2.  A  Ni-based  alloy  according  to  claim  1  wherein  Ti,  if  present,  is  in  an  amount  of  at  least  0.1%. 

3.  A  Ni-based  alloy  according  to  claim  1  or  claim  2  when  B,  if  present,  is  in  an  amount  of  at  least  0.01%. 

4.  A  Ni-based  alloy  according  to  any  one  of  claims  1  to  3  wherein  Cr  is  28-31%  and  Al  is  10-11%  and  Fe  is 
present  in  an  amount  of  at  least  1%. 

5.  Use  of  a  Ni-based  alloy  according  to  any  one  of  claims  1  to  4  in  a  location  where  it  is  subjected  to  hot  gas 
containing  components  liable  to  cause  sulfate  corrosion. 

50 

55 
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