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Description 

Technical  Field 

5  The  present  invention  relates  to  silicon  based  aluminium  and  titanium-containing  alloys  and  powder-based  prod- 
ucts  produced  from  such  alloy.  The  invention  further  relates  to  a  method  for  producing  silicon  based  aluminium-  and  tita- 
nium-containing  alloys  and  a  method  for  producing  shaped  articles  from  such  alloys. 

Background  Art 
10 

Silicon  has  up  till  now  been  used  as  a  raw  material  for  producing  silanes,  electronic  products  and  as  an  alloying 
element  for  steel  and  aluminium.  When  used  as  an  alloying  element  for  steel,  silicon  is  normally  added  in  the  form  of 
ferrosilicon  in  amounts  normally  below  4  %  by  weight  of  silicon.  When  used  as  an  alloying  element  for  aluminium  and 
aluminium  alloys  silicon  is  added  as  elemental  silicon.  The  content  of  silicon  in  aluminium  alloys  varies,  but  may,  for  alu- 

15  minium-silicon  alloys,  be  added  in  an  amount  of  maximum  20  %  by  weight  of  the  alloys. 
Elemental  silicon  is  very  brittle  and  lacks  ductility.  Addition  of  silicon  to  for  example  aluminium  alloys  thus  causes 

an  increased  brittleness  of  the  alloys  when  the  silicon  content  exceeds  about  20  %  by  weight.  As  far  as  the  inventors 
know,  there  does  not  exist  silicon-based  alloys  which  have  such  properties  that  the  alloy  can  be  used  for  structural  pur- 
poses. 

20  Silicon  has,  however,  a  number  of  properties  which  makes  use  of  silicon-based  alloys  very  interesting  for  structural 
applications.  Thus  silicon  has  a  low  density  of  2.3  g/cm3  and  a  high  melting  point  of  1410°C.  Silicon  based  alloys  having 
a  sufficient  ductility  and  strength  would  thus  have  a  number  of  advantages  compared  with  other  light  metals  such  as  for 
example  Al,  Ti,  Mg  and  Be.  This  relates  particularly  to  properties  like  high  stiffness  in  relation  to  weight,  low  thermal 
expansion,  high  resistance  to  corrosion,  high  resistance  against  erosion,  and  use  at  higher  temperatures  than  other 

25  light  metals. 
In  the  following  table  there  is  shown  some  properties  for  silicon  compared  to  the  same  properties  for  Mg,  Al,  Ti,  and 

stainless  18/8  steel. 

Si  Mg  Al  Ti  18/8  steel 

Density  (g/cma)  2.3  1.7  2.7  4.5  8.1 

E-module  (GPa)  113  44  71  106  200 

Stiffness/density-ratio  4.8  2.1  2.6  2.4  2.5 

Melting  point  (°C)  1410  650  660  1660  1400 

Thermal  expansion  (10"6/K)  2.5  26  23  10  18 

Thermal  conductivity  (J/smK)  84  160  190  19  14 

Heat  capacity  (J/gK)  0.71  1.03  0.90  0.53  0.48 

Disclosure  of  Invention 
45 

It  is  an  object  of  the  present  invention  to  provide  silicon-based  alloys  having  such  a  ductility  and  strength  that  the 
alloys  can  be  used  for  structural  purposes  and  where  the  alloys  still  have  the  good  properties  of  silicon. 

Thus,  according  to  a  first  aspect  the  present  invention  relates  to  a  rapidly  solidified  silicon-based  alloy,  which  alloy 
contains  2  -  40  %  by  weight  Al,  2  -  45  %  by  weight  Ti,  0  -  10  %  by  weight  of  one  or  more  of  the  elements  V,  Cr,  Mn,  Fe, 

so  Ni,  Co,  0  -  1  %  by  weight  of  one  or  more  of  the  elements  B,  Sr,  P,  the  rest,  except  for  normal  impurities,  being  silicon  in 
an  amount  of  at  least  35  %  by  weight. 

According  to  a  preferred  embodiment,  the  silicon  alloy  contains  10  -  30  %  by  weight  Al  and  3  -  15  %  by  weight  Ti. 
According  to  another  preferred  embodiment  the  silicon  alloy  contains  2  -  1  0  %  by  weight  Al  and  25  -  40  %  by  weight 

Ti. 
55  The  alloy  according  to  the  present  invention  contains  preferably  boron  in  an  amount  of  0.01  -  0,1  %  by  weight, 

and/or  phosphorous  in  an  amount  of  0.01  -  0.05  %  by  weight  and/or  strontium  in  an  amount  of  0.05  -  0.5  %  by  weight. 
The  content  of  the  elements  V,  Cr,  Mn,  Fe,  Ni  and  Co  is  preferably  between  1  and  3  %  by  weight. 

The  rapidly  solidified  alloy  has  preferably  a  primary  grain  size  of  less  than  50  micron  and  more  preferred  less  than 
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10  micron.  In  order  to  obtain  a  highest  possible  strength  and  ductility  it  is  particularly  preferred  that  the  solidified  alloy 
and  precipitated  intermetallic  phases  have  a  primary  grain  size  of  less  than  1  micron. 

According  to  a  second  aspect,  the  present  invention  relates  to  a  method  for  production  of  rapidly  solidified  silicon- 
based  alloy,  said  method  being  characterized  in  that  it  is  provided  a  molten  alloy  containing  2  -  40  %  by  weight  Al,  2  - 

5  45  %  by  weight  Ti,  0  -  1  0  %  by  weight  of  one  or  more  of  the  elements  V,  Cr,  Mn,  Fe,  Ni  and  Co,  0  -  1  %  by  weight  of  one 
or  more  of  the  elements  B,  Sr  and  P,  the  rest,  except  for  impurities,  being  silicon  in  an  amount  of  at  least  35  %  by  weight, 
which  melt  is  solidified  at  a  rate  of  at  least  1  03  °C/second. 

According  to  a  preferred  embodiment  the  melt  is  solidified  at  a  rate  of  between  104  and  106  °C/second. 
The  solidification  is  preferably  done  by  melt  spinning  or  by  gas  atomization.  It  is,  however,  within  the  scope  of  the 

10  present  invention  to  use  other  known  methods  to  achieve  a  sufficiently  high  solidification  rate. 
According  to  a  third  aspect  the  present  invention  relates  to  a  method  for  producing  consolidated  articles  from  rap- 

idly  solidified  silicon-based  alloy  wherein  rapidly  solidified  silicon-based  alloy  containing  2  -  40  %  by  weight  Al,  2  -  45  % 
by  weight  Ti,  0  -  10  %  by  weight  of  one  or  more  of  the  elements  V,  Cr,  Mn,  Fe,  Ni,  Co,  0  -  1  %  by  weight  of  one  or  more 
of  the  elements  B,  Sr  and  P,  the  rest,  except  for  impurities,  being  silicon  in  an  amount  of  at  least  35  %  by  weight,  is 

15  crushed  and  milled  to  a  particle  size  below  500  microns  and  formed  to  articles  by  means  of  powdermetallurgical  meth- 
ods,  whereafter  the  formed  articles  is  hot  consolidated. 

According  to  a  preferred  embodiment  the  rapidly  solidified  silicon-based  alloy  is  milled  to  a  particle  size  below  200 
microns  before  the  articles  are  formed. 

Forming  of  articles  and  consolidation  of  the  formed  articles  are  done  by  conventional  powdermetallurgical  meth- 
20  ods.  It  is  preferred  to  use  hot  isostatic  pressing,  but  it  is  within  the  scope  of  the  present  invention  to  use  for  example  cold 

isostatic  pressing  followed  by  sintering,  hot  single  axial  pressing,  forging,  extruding  and  injectioncasting  followed  by  sin- 
tering. 

It  has  surprisingly  been  found  that  the  consolidated  articles  made  from  the  silicon-based  alloy  according  to  the 
present  invention  have  very  high  compression  strength  and  a  sufficiently  high  ductility  in  order  that  the  products  can  be 

25  used  for  structural  purposes. 
By  rapid  solidification  of  the  silicon-based  alloy  according  to  the  present  invention  it  is  obtained  a  very  fine  grained 

material  which  has  an  exceptional  good  distribution  of  intermetallic  phases  in  the  material  and  very  small  grains.  It  is 
assumed  that  it  is  this  combination  which  give  the  material  its  high  ductility  and  high  strength.  By  hot  consolidation  of 
the  articles  according  to  the  present  invention,  it  is  important  to  use  such  a  combination  of  temperature  and  pressure 

30  that  the  finished  products  become  sufficiently  dense  and  that  grain  growth  during  the  consolidation  process  is  not  effect- 
ing  the  properties  of  the  material. 

Detailed  description  of  preferred  embodiments. 

35  EXAMPLE  1 

A  silicon  alloy  containing  25  %  by  weight  of  Al,  5  %  by  weight  of  Ti,  the  rest  except  for  normal  impurities,  being  sil- 
icon,  was  melted  in  a  vacuum  furnace  and  cast  in  the  form  of  rods.  The  rods  were  used  as  a  raw  material  for  melt  spin- 
ning.  By  the  melt  spinning  the  rods  were  melted  and  cast  to  thin  sheets  or  ribbons  with  a  solidification  rate  of  above  1  04 

40  °C/second.  The  ribbons  were  milled  in  a  closed  mill  to  a  particle  size  of  less  than  200  microns. 
The  alloy  particles  were  thereafter  filled  into  a  cylinder-shaped  mould  having  a  diameter  of  1  cm  and  a  height  of 

more  than  1  cm.  The  alloy  particles  were  thereafter  pressed  for  two  hours  using  single-axial  pressure  of  40  MPa  and  at 
a  temperature  of  700°C. 

The  produced  articles  were  thereafter  tested  by  compression.  The  ultimate  strength  was  mesured  to  878  MPa  and 
45  the  change  in  length  during  compression  was  7  %. 

The  results  show  that  the  produced  alloy  has  a  very  high  compression  strength  and  a  compression  length  compa- 
rable  to  fiber-reinforced  aluminium. 

EXAMPLE  2 
50 

Five  alloys  were  made  in  powder  form  using  the  same  procedure  as  described  in  Example  1  . 

Alloy  1  :  25  %  by  weight  Al,  5  %  by  weight  Ti,  0.01  %  Sr,  the  rest  being  silicon. 

55  Alloy  2:  15  %  by  weight  Al,  5  %  by  weight  Ti,  the  rest  being  silicon. 

Alloy  3:  35  %  by  weight  Al,  5  %  by  weight  Ti,  the  rest  being  silicon. 

3 
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Alloy  4:  25  %  by  weight  Al,  5  %  by  weight  Ti,  the  rest  being  silicon. 

Alloy  5:  5  %  by  weight  Al,  35  %  by  weight  Ti,  the  rest  being  silicon. 

5  Alloys  1  through  5  were  subjected  to  hot  pressing  and  the  fracture  strength  and  compression  length  were  meas- 
ured.  The  results  are  shown  in  Table  I. 

Table  I 

Hot  pressing  parameters  Fracture  Strength  (MPa)  Compression  Length  % 

Alloy  Temp  (°C)  Time  (min.)  Load  (kg) 
1  700  120  530  1196  7.5 

2  700  120  420  926  5.4 

3  625  120  420  723  5.4 

4  700  120  420  978  7.7 

5  1125  120  420  664  5.9 
20 

Table  2  shows  that  the  hot  pressed  products  obtained  a  very  high  strength  and  a  good  compression  length. 

Claims 
25 

1.  Rapidly  solidified  silicon-based  alloy  consisting  of  2  -  40  %  by  weight  Al,  2  -  45%  by  weight  Ti,  0  -  10  %  by  weight 
of  one  or  more  of  the  elements  V,  Cr,  Mn,  Fe,  Ni,  Co,  0  -  1  %  by  weight  of  one  or  more  of  the  elements  B,  Sr  and  P, 
the  rest,  except  for  impurities,  being  silicon  in  an  amount  of  at  least  35  %  by  weight. 

30  2.  Silicon-based  alloy  according  to  claim  1,  characterized  in  that  it  contains  10  -  30  %  by  weight  Al  and  3  -  15  %  by 
weight  Ti. 

3.  Silicon-based  alloy  according  to  claim  1  ,  characterized  in  that  it  contains  2  -  1  0  %  by  weight  Al  and  25  -  40  %  by 
weight  Ti. 

35 
4.  Silicon-based  alloy  according  to  claims  1  -  3,  characterized  in  that  it  contains  boron  in  an  amount  of  0,01  -  0,1  % 

by  weight. 

5.  Silicon-based  alloy  according  to  claims  1  -  3,  characterized  in  that  it  contains  phosphorous  in  an  amount  of  0.01  - 
40  0.05  %  by  weight. 

6.  Silicon-based  alloy  according  to  claims  1  -  3,  characterized  in  that  it  contains  strontium  in  an  amount  of  0.05  -  0.5 
%  by  weight. 

45  7.  Silicon-based  alloy  according  to  claims  1  -  6,  characterized  in  that  it  contains  at  least  one  of  the  elements  V,  Cr, 
Mn,  Fe,  Ni  and  Co  in  an  amount  of  1  -  3  %  by  weight. 

8.  Silicon-based  alloy  according  to  claims  1  -  7,  characterized  in  that  it  has  a  primary  grain  size  of  less  than  50 
micron,  preferably  less  than  10  micron. 

50 
9.  Method  for  production  of  a  rapidly  solidified  silicon-based  alloy,  characterized  in  that  it  is  provided  a  melt  contain- 

ing  2  -  40  %  by  weight  Al,  2  -  45  %  by  weight  Ti,  0  -  10  %  by  weight  of  one  or  more  of  the  elements  V,  Cr,  Mn,  Fe, 
Ni,  Co,  0  -  1  %  by  weight  of  one  or  more  of  the  elements  B,  Sr  and  P,  the  rest,  except  for  impurities  being  silicon  in 
an  amount  of  at  least  35  %  by  weight,  which  melt  is  solidified  at  a  solidification  rate  of  at  least  103  °C/second. 

55 
1  0.  Method  according  to  claim  9,  characterized  in  that  the  melt  is  solidified  at  a  solidification  rate  between  1  04  and  1  06 

°C/second. 

4 
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1  1  .  Method  for  production  of  consolidated  products  from  rapidly  solidified  silicon-based  alloys,  characterized  in  that  it 
is  provided  a  rapidly  solidified  silicon-based  alloy  containing  2  -  40  %  by  weight  Al,  2  -  45  %  by  weight  Ti,  0  -  10  % 
by  weight  of  one  or  more  of  the  elements  V,  Cr,  Mn,  Fe,  Ni,  Co,  0  -  1  %  by  weight  of  one  or  more  of  the  elements 
B,  Sr  and  P,  the  rest,  except  for  impurities  being  silicon  in  an  amount  of  at  least  35  %  by  weight,  crushing  and  milling 

5  the  rapidly  solidified  alloy  to  a  particle  size  below  500  micron,  forming  articles  of  the  milled  particles  by  powder-met- 
allurgical  methods  and  consolidating  the  formed  articles. 

12.  Method  according  to  claim  11,  characterized  in  that  the  rapidly  solidified  silicon-based  alloy  is  milled  to  a  particle 
size  below  200  microns  before  the  articles  are  formed. 

10 
Patentanspruche 

1  .  Schnellhartende  Legierung  auf  Siliciumbasis,  bestehend  aus 

15  2-40  Gew.%  Al, 
2-45  Gew.%  Ti, 
0-10  Gew.%  eines  Oder  mehrerer  der  Elemente  V,  Cr,  Mn,  Fe,  Ni,  Co, 
0-1  Gew.%  eines  Oder  mehrerer  der  Elemente  B,  Sr  und  P,  und  einem  Rest,  der  auBer  den  Verunreinigungen 
mindestens  35  Gew.%  Silicium  enthalt. 

20 
2.  Legierung  auf  Siliciumbasis  nach  Anspruch  1,  gekennzeichnet  durch  einen  Gehalt  an  10-30  Gew.%  Al  und  3-15 

Gew.%  Ti. 

3.  Legierung  auf  Siliciumbasis  nach  Anspruch  1,  gekennzeichnet  durch  einen  Gehalt  an  2-10  Gew.%  Al  und  25-40 
25  Gew.%  Ti. 

4.  Legierung  auf  Siliciumbasis  nach  Anspruch  1  ,  gekennzeichnet  durch  einen  Borgehalt  von  0,01  -0,1  Gew.%. 

5.  Legierung  auf  Siliciumbasis  nach  Anspriichen  1  bis  3,  gekennzeichnet  durch  einen  Phosphorgehalt  von  0,01-0,05 
30  Gew.%. 

6.  Legierung  auf  Siliciumbasis  nach  Anspriichen  1  bis  3,  gekennzeichnet  durch  einen  Strontiumgehalt  von  0,05-0,5 
Gew.%. 

35  7.  Legierung  auf  Siliciumbasis  nach  Anspriichen  1  bis  6,  dadurch  gekennzeichnet,  daB  sie  mindestens  eines  der  Ele- 
mente  V,  Cr,  Mn,  Fe,  Ni  und  Co  in  einer  Menge  von  1-3  Gew.%  enthalt. 

8.  Legierung  auf  Siliciumbasis  nach  Anspriichen  1  bis  7,  dadurch  gekennzeichnet,  daB  sie  eine  primare  KorngroBe 
von  weniger  als  50  urn,  vorzugsweise  von  weniger  als  10  urn  aufweist. 

40 
9.  Verfahren  zur  Herstellung  einer  schnellhartenden  Legierung  auf  Siliciumbasis,  dadurch  gekennzeichnet,  daB  eine 

Schmelze  bereitgestellt  wird,  die 

2-40  Gew.%  Al, 
45  2-45  Gew.%  Ti, 

0-10  Gew.%  eines  Oder  mehrerer  der  Elemente  V,  Cr,  Mn,  Fe,  Ni,  Co, 
0-1  Gew.%  eines  Oder  mehrerer  der  Elemente  B,  Sr  und  P,  und  einen  Rest,  der  auBer  den  Verunreinigungen 
mindestens  35  Gew.%  Silicium  enthalt,  und  mit  einer  Erstarrungsgeschwindigkeit  von  mindestens  103  °C/sec 
gehartet  wird. 

50 
1  0.  Verfahren  nach  Anspruch  9,  dadurch  gekennzeichnet,  daB  die  Schmelze  bei  einer  Erstarrungsgeschwindigkeit  zwi- 

schen  104  und  106  °C/sec  ausgehartet  wird. 

11.  Verfahren  zur  Herstellung  von  konsolidierten  Produkten  aus  schnellhartenden  Legierungen  auf  Siliciumbasis, 
55  dadurch  gekennzeichnet,  daB  eine  schnellhartende  Legierung  bereitgestellt  wird,  die 

2-40  Gew.%  Al, 
2-45  Gew.%  Ti, 

5 
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0-10  Gew.%  eines  Oder  mehrerer  der  Elemente  V,  Cr,  Mn,  Fe,  Ni,  Co, 
0-1  Gew.%  eines  Oder  mehrerer  der  Elemente  B,  Sr  und  P,  und  einen  Rest,  der  auBer  den  Verunreinigungen 
mindestens  35  Gew.%  Silicium  enthalt,  die  schnellhartende  Legierung  durch  Zerkleinern  und  Vermahlen  auf 
eine  PartikelgroBe  von  weniger  als  500nm  gebracht  wird,  die  Produkte  aus  den  vermahlenen  Partikeln  durch 

5  Pulvermetallurgische  Verfahren  ausgeformt  werden  und  die  ausgeformten  Produkte  konsolidiert  werden. 

12.  Verfahren  nach  Anspruch  11,  dadurch  gekennzeichnet,  daB  die  schnellhartende  Legierung  auf  Siliciumbasis  vor 
der  Ausformung  der  Produkte  auf  eine  PartikelgroBe  von  weniger  als  200  urn  vermahlen  wird. 

10  Revendications 

1  .  Alliage  a  base  de  silicium  solidifie  rapidement  comprenant  2-40  %  ponderaux  de  Al,  2-45  %  ponderaux  de  Ti,  0-1  0 
%  ponderaux  d'un  ou  plusieurs  des  elements  V,  Cr,  Mn,  Fe,  Ni,  Co,  0-1  %  ponderaux  d'un  ou  plusieurs  des  ele- 
ments  B,  Sr  et  P,  le  reste  sauf  pour  les  impuretes  etant  du  silicium  representant  au  moins  35  %  ponderaux. 

15 
2.  Alliage  a  base  de  silicium  selon  la  revendication  1  , 

caracterise  en  ce  qu' 
il  contient  10-30  %  ponderaux  de  Al  et  3-15  %  ponderaux  de  Ti. 

20  3.  Alliage  a  base  de  silicium  selon  la  revendication  1  , 
caracterise  en  ce  qu' 
il  contient  2-10  %  ponderaux  de  Al  et  entre  25-40  %  ponderaux  de  Ti. 

4.  Alliage  a  base  de  silicium  selon  las  revendications  1  a  3, 
25  caracterise  en  ce  qu' 

il  contient  du  bore  entre  0,1-0,1  %  ponderaux. 

5.  Alliage  a  base  de  silicium  selon  les  revendications  1  a  3, 
caracterise  en  ce  qu' 

30  il  contient  du  phosphore  entre  0,01-0,05  %  ponderaux. 

6.  Alliage  a  base  de  silicium  selon  les  revendications  1  a  3, 
caracterise  en  ce  qu' 
il  contient  du  strontium  entre  0,05-0,5  %  ponderaux. 

35 
7.  Alliage  a  base  de  silicium  selon  les  revendications  1  a  6, 

caracterise  en  ce  qu' 
il  contient  au  moins  I'un  des  elements  V  Cr,  Mn,  Fe,  Ni,  Co  selon  une  quantite  de  1-3  %  ponderaux. 

40  8.  Alliage  a  base  de  silicium  selon  les  revendications  1  a  7, 
caracterise  en  ce  que 
la  dimension  des  grains  principaux  est  inferieure  a  50  microns  et  de  preference  inferieure  a  10  microns. 

9.  Procede  de  fabrication  d'un  alliage  a  base  de  silicium  solidifie  rapidement, 
45  caracterise  en  ce  qu' 

on  realise  une  fusion  contenant  2-40  %  ponderaux  de  Al,  2-45  %  ponderaux  de  Ti,  0-1  0  %  ponderaux  d'un  ou  plu- 
sieurs  des  elements  V  Cr,  Mn,  Fe,  Ni,  Co,  0-1  %  ponderaux  d'un  ou  plusieurs  des  elements  B,  Sr,  P)  et  le  reste  a 
I'exception  des  impuretes  etant  du  silicium  representant  au  moins  35  %  ponderaux,  et  on  fait  solidif  ier  le  produit  en 
fusion  a  une  vitesse  de  solidification  d'au  moins  1  03oC/seconde. 

50 
1  0.  Procede  selon  la  revendication  9, 

caracterise  en  ce  que 
le  produit  en  fusion  est  solidifie  a  une  vitesse  de  solidification  comprise  entre  104  et  1  06oC/seconde. 

55  11.  Procede  de  fabrication  de  produits  solides  a  partir  d'alliages  a  base  de  silicium  solidifies  rapidement, 
caracterise  en  ce  qu' 
on  realise  un  alliage  a  base  de  silicium  solidifie  rapidement  contenant  entre  2-40  %  ponderaux  de  Al,  2-45  %  pon- 
deraux  de  Ti,  0-10  %  ponderaux  d'un  ou  plusieurs  des  elements  V  Cr,  Mn,  Fe,  Ni,  Co,  0-1  %  ponderaux  d'un  ou 

6 
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plusieurs  des  elements  B,  Sr  et  P,  le  reste  sauf  pour  les  impuretes  etant  du  silicium  representant  jusqu'a  au  moins 
35  %  ponderaux,  on  ecrase  et  on  broie  I'alliage  solidifie  rapidement  pour  arriver  a  une  dimension  de  particules  infe- 
rieure  a  500  microns,  on  forme  des  produits  a  partir  des  particules  broyees  selon  les  procedes  de  la  metallurgie 
des  poudres  et  on  consolide  les  articles  fabriques. 

1  2.  Procede  selon  la  revendication  1  1  , 
caracterise  en  ce  qu' 
on  broie  I'alliage  a  base  de  silicium  solidifie  rapidement  jusqu'a  une  dimension  de  particules  inferieure  a  200 
microns  avant  de  former  les  articles. 
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