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Description 

The  present  invention  relates  to  a  method  for  the  production  of  articles,  from  curable  compositions  gen- 
erally  comprising  binders  and  fillers.  Typical  examples  are  ceramic  articles,  and  particularly  but  not  exclusively 

5  ceramic  moulds  and  preformed  cores  for  use  in  casting.  The  method  involves  the  connection  of  two  portions 
to  provide  a  desired  shape. 

Ceramic  and  similar  articles  are  conventionally  produced  from  a  deformable  dough  that  is  shaped  by  a 
machine  process  such  as  injection  moulding,  transfer  moulding,  pressing  or  extrusion.  The  dough  is  generally 
composed  of  a  filler,  generally  composed  of  ceramic  or  other  refractory  powder  and  a  liquid  binder,  usually 

10  with  various  additives  to  assist  in  the  manufacturing  process.  Other  fillers  include  metal  powders  and  silicon 
powder  (which  may  subsequently  form  silicon  nitride). 

The  liquid  binder  must  be  hardenable  to  give  a  shaped  piece.  Desirably  this  can  be  handled,  e.g.  for  sub- 
sequent  firing.  The  liquid  binder  may  be  thermoplastic  (e.g.  based  on  a  wax  or  a  synthetic  thermoplastic  ma- 
terial)  orthermoset  (e.g.  epoxy,  polyester  and  silicone  resins).  We  generally  prefer  thermoset  resins,  though 

15  the  invention  is  applicable  to  both  types.  For  producing  quite  complex  shapes  we  generally  use  injection  mould- 
ing  with  a  thermoset  binder.  Since  the  basic  ceramic  powder  is  usually  silica  in  the  manufacture  of  preformed 
ceramic  cores,  we  prefer  to  use  a  silicone  resin.  On  firing,  the  residual  silica  from  the  resin  aids  bonding  of 
the  silica  filler  such  that  a  relatively  strong  self-supporting  ceramic  is  produced  throughout  the  debonding  and 
firing  process. 

20  However  if  a  ceramic  is  required  that  will  contain  no  silica  then  an  alternative  resin  binder  is  used  that  will 
be  completely  removed  at  the  firing  stage. 

In  this  case  afterthe  binder  has  been  removed  but  before  a  sufficiently  high  temperature  has  been  reached 
to  sinter  the  ceramic,  the  piece  is  relatively  weak  and  would  require  support.  It  is  therefore  again  preferable 
to  incorporate  some  compound  that  will  form  a  suitable  bonding  agent  at  an  early  stage  in  the  firing  process 

25  and  be  retained  in  the  final  ceramic  to  achieve  a  self-supporting  piece  throughout  the  firing  cycle. 
With  thermoplastic  binders,  in  the  early  stages  of  the  firing  cycle  they  will  usually  resoften,  so  support  to 

the  moulded  piece  is  essential  to  prevent  sagging  or  distortion. 
With  thermoset  binders,  hardening  is  achieved  after  forming  by  a  chemical  process  which  is  usually  ac- 

celerated  to  a  convenient  rate  by  heat,  usually  a  polymerisation  or  cure  reaction. 
30  It  should  be  noted,  however,  that  if  a  thermoset  binder  is  solid  at  room  temperature,  hardening  can  be  ach- 

ieved  either  by  polymerisation  as  described  or  like  a  thermoplastic,  by  allowing  the  moulding  to  cool  below 
the  solidification/congealing  point  of  the  binder. 

In  other  words,  mouldings  can  be  produced  with  suitable  thermoset  based  materials  that  are  "cured"  or 
"uncured"  with  the  only  difference  in  the  method  of  manufacture  being  the  temperature  cycle  used.  It  is  also 

35  possible  to  convert  an  "uncured"  moulding  to  a  "cured"  moulding  by  suitable  heat  treatment  to  allow  the  poly- 
merisation  of  the  binder  to  proceed. 

In  a  simple  two  piece  injection  moulding  die,  the  complexity  of  moulded  shape  is  limited.  Since  the  die 
has  to  be  opened  without  damaging  the  moulding,  noundercutfeatures  are  possible.  There  is  a  limit  to  undercut 
features  that  can  be  produced  even  with  multipart  tooling.  One  method  of  increasing  complexity  is  by  using 

40  inserts  within  the  die  that  can  be  subsequently  removed  by  dissolving,  burning  or  vapourising  the  insert  out 
of  the  moulding.  But  one-piece  moulding  still  has  limitations,  so  it  is  known  to  produce  more  complex  articles 
by  bonding  simpler  shapes  together  with  glue  or  cement.  For  example.  US-A-4,767,479  discloses  a  method 
of  connecting  two  green  cores  containing  a  thermoplastic  binder  by  applying  ceramic  particles  to  the  mating 
surfaces,  softening  the  binder  (e.g.  by  apply  a  solvent)  so  that  it  flows  into  the  particles,  and  then  allowing  it 

45  to  harden. 
However,  there  are  disadvantages  to  any  form  of  cement  such  as:  the  inherent  fired  bond  weakness  of 

suitable  cements;  the  difficulty  of  maintaining  location  accuracy  of  the  cemented  parts;  and,  in  some  shapes, 
the  physical  difficulties  in  wiping  or  removing  excessive  adhesive  from  joints  to  maintain  accuracy  of  form. 

Broadly,  the  invention  provides  a  method  of  producing  an  article  from  two  components  formed  from  curable 
so  composition(s)  which  are  bonded  together  without  the  use  of  glue  or  cement  or  ceramic  particles.  We  have 

found  that  if  two  mouldings,  at  least  one  of  which  is  not  fully  cured,  are  in  contact  for  a  sufficient  time  at  a  suitable 
temperature,  direct  surface  to  surface  bonding  occurs.  Furthermore,  such  bonded  pieces,  remain  bonded 
when  fully  processed  to  the  fired  or  ceramic  state. 

The  method  according  to  the  invention  preferably  comprises:  providing  at  least  two  components  for  forming 
55  respective  portions  of  the  articles,  each  component  having  been  formed  from  a  curable  composition,  at  least 

one  of  the  components  not  being  fully  cured;  bringing  mating  surfaces  of  the  components  together  in  direct 
contact;  and  applying  heat  and/or  pressure  to  effect  bonding;  and  heating  the  bonded  components  to  produce 
a  fired  article. 

2 
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Generally,  each  component  will  have  been  produced  from  a  dough  comprising  ceramic  particles  and  a  bind- 
er,  the  dough  having  been  formed  (e.g.  by  injection  moulding).  Preferably  at  least  one  component  contains  an 
uncured  thermoset  binder  that  is  solid  at  the  temperature  at  which  the  components  are  brought  together.  The 

5  other  component  may  be  in  the  same  state  or  it  may  have  been  fully  cured.  The  components  may  be  bonded 
and  then  fired  at  a  conventional  temperature,  e.g.  at  1  1  00  -  1200°C.  We  have  found  that  the  best  bond  strengths 
are  achievable  if  the  whole  firing  cycle  is  carried  out  in  a  single  operation.  It  is  however,  possible  to  carry  it 
out  in  two  stages,  the  article  cooling  somewhat  after  an  initial  heating  stage  in  which  binder  residues  are  re- 
moved,  and  then  being  heated  to  the  firing  temperature. 

10  It  can  be  advantageous  for  one  component  to  be  fully  cured,  since  it  can  support  the  uncured  component 
during  firing,  which  may  be  necessary  if  the  uncured  thermoset  binder  remelts  before  polymerisation  occurs. 
The  remelting  of  the  binder  can  actually  be  advantageous,  as  it  allows  the  component  to  relax  onto  the  other 
component,  giving  very  good  surface  contact.  Of  course,  with  thermoplastic  binders,  softening  will  generally 
occur  during  firing.  If  an  uncured  component  has  overhang,  support  can  be  provided  by  spacers  etc.  which 

15  will  subsequently  be  burnt  out  or  volatilised  away  in  the  firing  cycle,  or  by  ceramic  pieces  that  can  be  removed 
after  firing.  Spacers  can  also  be  used  to  ensure  precise  dimensional  control  in  the  fired  assembly. 

It  is  also  possible,  with  suitable  binders,  to  effect  curing  at  below  the  softening  temperature,  e.g.  by  holding 
the  temperature  in  a  suitable  range  for  a  suitable  time,  or  otherwise  initiating  polymerisation.  This  can  be  used 
when  none  of  the  components  is  fully  cured.  Generally,  the  thermoset  binders  can  be  cured  below  200°C,  so 

20  that  support  chaplets  can  be  used  to  control  dimensions.  They  may  be  made  of  any  low  ash  material  that  will 
burn  off  in  the  subsequent  process,  or  of  water  soluble  material. 

The  portions  can  differ  in  origin  (e.g.  an  injection  moulding  can  be  bonded  to  a  transfer  moulding)  and/or 
in  composition,  though  excessive  mismatch  of  thermal  expansion  properties  etc  must  be  avoided. 

We  have  also  found  that  wetting  the  surfaces  of  mating  surfaces  with  a  solvent  of  high  boiling  point,  such 
25  as  diethylene  glycol,  considerably  enhances  the  ceramic  bonding  strength  after  firing.  By  suitable  process  ar- 

rangements,  bond  strengths  equal  to  the  bulk  strength  can  be  achieved.  By  using  assemblies  of  cured,  part- 
cured  or  uncured  mouldings  in  the  manner  indicated,  composite  ceramics  can  also  be  produced.  One  material 
can  be  "sandwiched"  between  parts  to  be  bonded. 

Some  embodiments  of  the  invention  will  now  be  described  by  way  of  example  with  reference  to  the  ac- 
30  companying  drawings  in  which: 

Fig.  1  is  a  section  through  a  saggar  assembly  in  which  an  article  is  being  fired; 
Fig.  2  is  a  perspective  view  of  components  used  in  a  method  embodying  the  invention;  and 
Fig.  3  is  a  perspective  view  of  the  product. 

35  Composition  Example  1 

A  mouldable  dough  was  produced  from  the  following: 
Dow  Corning  Silicone  Resin  No:  62230  (6kg) 
Fused  silica  flour  (-200  mesh  B.S.S.)  e.g.  NALFLOC  P1W  grade  (20kg) 

40  Stearic  acid  or  aluminium  stearate  (300g) 
Aluminium  acetate  (150g) 

(The  silicone  resin  is  based  on  a  phenylmethylsilane.  It  melts  at  about  60-65°  and  contains  about  60%  of 
silica  within  its  structure.) 

The  silica  flour  was  put  into  a  Z-  or  sigma-blade  mixer  or  a  two-roll  mill  and  heated  to  85°.  The  resin  was 
45  added,  melted,  and  was  mixed  in  to  form  a  hot  dough  to  which  the  other  components  were  added  and  mixed 

in.  The  dough  was  removed  from  the  mixer,  allowed  to  cool  and  solidify,  and  crushed  and  formed  into  pellets. 
The  pellets  resoften  if  heated  above  65°,  and  cure  in  2-3  minutes  at  150°.  A  moulding  thus  produced  can 

be  fired  to  form  a  silica  ceramic  component,  without  undergoing  further  softening.  It  retains  considerable 
strength  throughout  the  firing  cycle.  Even  at  400-500°  in  the  cycle  the  residual  silica  from  the  silicone  resin 

so  which  has  decomposed  bonds  the  piece.  It  is  usual  to  fire  the  core  to  a  maximum  temperature  of  around  1100- 
1200°C  to  develop  some  sintering  of  the  silica  core. 

Bonding  Example  1 

55  Using  the  composition  from  composition  example  1  ,  a  first  rectangular  bar  (100x40x1  2mm)  was  moulded 
and  cured  using  a  die  temperature  of  150°,  and  removed  from  the  die.  A  second  like  bar  was  moulded,  but  the 
die  was  held  at  35°  to  give  an  "uncured"  bar. 

The  uncured  bar  was  placed  on  a  flat  refactory  plate  in  a  core  firing  oven.  The  cured  bar  was  set  on  edge 
on  the  uncured  bar,  thus  forming  an  inverted-T  section. 

3 
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The  oven  was  switched  on  and  the  following  firing  cycle  carried  out. 
20°C  -  200°C  in  71/2  hours 
200°C  -  350°C  in  71/2  hours 

5  350°C  -  450°C  in  14  hours 
450°C  -  1100°C  in  71/2  hours 
Hold  at  1100°Cfor4  hours 
Cool  naturally  to  20°C. 

The  resulting  fire  ceramic  test  pieces  were  bonded  together. 
10 

Bonding  Example  2 

Two  mouldings  were  produced  generally  as  in  the  first  example,  but  with  the  forms  shown  in  Fig  1.  Thus 
the  uncured  bar  10  was  a  simple  plate  while  the  cured  bar  12  had  protruding  pips  14.  The  bars  10,  12  were 

15  placed  together  in  a  two-part  refractory  support  or  "setter"  16,  with  the  cured  bar  12  on  top  and  its  pips  14 
penetrating  into  the  uncured  bar  10  to  an  extent  determined  by  carbon  spacers  20,  urged  by  the  weight  of  the 
upper  part  of  the  saggar.  After,  firing,  the  two  bars  were  found  to  be  bonded  together. 

Bonding  Example  3 
20 

Two  moudings  were  produced  generally  as  in  the  first  example,  but  with  the  forms  shown  in  Fig.  2.  Thus 
the  two  mouldings  22,24  are  similar  half-aerofoil  sections  each  having  a  planar  mating  face  26  with  longitudinal 
channels  28.  These  channels  receive  rods  30  of  recrystallised  alumina.  The  upper  moulding  22  is  uncured  and 
the  lower  one  24  is  cured.  They  were  asembled  about  the  rods  30  in  a  saggar,  and  fired  to  produce  a  composite 

25  stiffener  32  as  shown  in  Fig.  3.  There  is  no  bonding  between  the  mouldings  22,  24  and  the  rods,  which  can 
thus  slide  to  allow  for  differential  thermal  expansion  (alumina  having  a  higher  coefficient  of  expansion  than 
silica). 

Bonding  Example  4 
30 

Using  a  combination  of  "cured"  and  "uncured"  test  pieces  as  described  in  bonding  Example  1  ,  an  assembly 
was  built  up  by  laying  one  upon  another. 

The  assembly  was  heated  to85°Cand  held  for  24  hours.  On  cooling  it  was  found  that  all  pieces  were  bond- 
ed  and  "cured". 

35  This  assembly  was  fired  as  in  Example  1  and  found  to  be  a  bonded  ceramic  assembly. 

Bonding  Example  5 

A  cured  test  piece  as  described  in  example  1  was  broken  approximately  in  half.  One  piece  was  dropped 
40  back  into  the  hot  die  After  a  second  injection  cycle  the  piece  was  removed. 

Subsequent  firing  produced  a  ceramic  bar  with  no  visible  evidence  of  the  bonded  joint.  A  number  of  such 
composite  bars  and  ordinary  cured  bars  were  tested  to  destruction  using  three  point  loading  modules  or  rupture 
determination.  No  difference  was  found  between  the  composite  and  ordinary  bars. 

45  Composition  Example  2 

This  is  a  formulation  of  low  ceramic  strength,  suitable  for  avoiding  excessive  stresses  on  a  solidifying  cast- 
ing,  such  as  can  occur  with  cores  of  high  strength.  The  composition  was  produced  by  blending  the  following 
components,  generally  as  in  Composition  Example  1: 

50 

55 
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W a c k e r s   S i l i c o n e   I n t e r m e d i a t e   SY430  3 k  

5  "BECKOPOX"  Epoxy  R e s i n   E . P . 3 0 1   ( H o e c h s t )   3 k  

N a l f l o c   P . l   W  S i l i c a   Powde r   ( - 2 0 0   mesh  B . S . S . )   20K 

A l u m i n i u m   S t e a r a t e   1 5 0 g  
10 

C a r n a u b a   Wax  3 0 0 g  

Bonding  Example  6 
15 

The  composition  from  composition  example  2  was  used  to  produce  an  uncured  bar  as  in  Bonding  Example 
1.  This  was  sandwiched  between  two  cured  bars  produced  according  to  Bonding  Example  1. 

After  the  following  firing  cycle  the  weak  pieces  were  bonded  to  the  stronger  outer  bars. 
20°C-250°C  in  10  hours 

20  250°C  -  300°C  in  20  hours 
300°C  -  350°C  in  25  hours 
350°C  -  500°C  in  20  hours 
500°C-  1100°C  in  15  hours 
Hold  for  four  hours  and  cool. 

25  This  demonstrates  a  technique  which  is  particularly  useful  forforming  cores  with  very  thick  aerofoil  shapes 
which  need  to  be  weak  and  crush  at  the  casting  solidification  stage,  but  have  thin  delicate  trailing  edge  features 
which  need  to  be  strong  to  avoid  breakage  with  handling. 

30  Claims 

1.  A  method  of  producing  a  ceramic  article  (32)  comprising  providing  at  least  two  components  (22,24)  for 
forming  respective  portions  of  the  article  (32)  and  bringing  mating  surfaces  (26)  of  the  components  (22,24) 
together  in  direct  contact,  characterised  in  that  the  method  further  comprises  forming  each  component 

35  (22,24)  from  a  curable  composition,  at  least  one  of  the  components  (22,24)  not  being  fully  cured,  curing 
the  at  least  one  component  (22,24)  while  the  surfaces  (26)  are  in  contact  so  as  to  effect  bonding  between 
the  components,  and  heating  the  bonded  components  (22,24)  to  produce  the  fired  article  (32). 

2.  A  method  as  claimed  in  claim  1  characterised  in  providing  a  fully  cured  component  (22,24),  bring  the  fully 
40  cured  component  into  contact  with  said  non-fully  cured  component  (22,24)  and  bonding  said  components 

together. 

3.  A  method  as  claimed  in  claim  1  or  2  characterised  in  curing  said  at  least  one  non-fully  cured  component 
(22,24)  by  the  application  of  heat. 

45 4.  A  method  as  claimed  in  claim  1  or  2  characterised  in  curing  said  at  least  one  non-fully  cured  component 
(22,24)  by  the  application  of  pressure. 

5.  A  method  as  claimed  in  claim  3  characterised  in  that  the  at  least  one  non-fully  cured  component  (22,24) 
contains  non-fully  cured  thermoset  binder. 

50 
6.  A  method  as  claimed  in  claim  5  characterised  in  that  said  at  least  one  non-fully  cured  component  (22,24) 

contains  thermoset  binder  which  has  been  partially  cured  such  that  the  component  has  handling  strength 
but  still  undergoes  bonding  to  another  component  due  at  least  in  part  to  said  partially  cured  binder. 

55  7.  A  method  as  claimed  in  any  preceding  claim  characterised  in  that  the  components  (22,24)  which  have 
been  brought  together  are  heated  and  at  least  one  undergoes  softening  and  rehardening,  support  (28) 
being  provided  to  restrain  deformation  in  the  softened  state. 

8.  A  method  as  claimed  in  claim  5  characterised  in  that  the  components  (22,24)  which  have  been  brought 

50 
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into  contact  are  held  at  a  temperature  below  the  softening  temperature  of  any  component  (22,24)  until  all 
are  cured. 

5  9.  A  method  as  claimed  in  claim  5  characterised  in  wetting  one  or  more  of  the  mating  surfaces  (26)  with  a 
high-boiling  point  solvent  for  the  binder  before  the  mating  surfaces  (26)  are  brought  into  contact. 

10.  A  method  as  claimed  in  any  preceding  claim  characterised  in  that  at  least  one  component  (22,24)  com- 
prises  silica  powder  and  a  thermoset  binder  comprising  a  silicone  resin. 

10 

Patentanspruche 

1  .  Verfahren  zum  Herstellen  eines  keramischen  Bauteils  (32),  wobei  mindestens  zwei  Komponenten  (22,  24) 
zur  Bildung  entsprechender  Bereiche  des  Bauteils  (32)  bereitgestellt  und  einander  angepalite  Flachen 
(26)  der  Komponenten  (22,  24)  in  direkten  Kontakt  miteinander  gebracht  werden,  dadurch  gekennzeich- 
net,  dali  das  Verfahren  aulierdem  das  Bilden  jeder  Komponente  (22,  24)  aus  einer  aushartbaren  Zusam- 
mensetzung  umfalit,  wobei  mindestens  eine  der  Komponenten  (22,  24)  nichtvollstandig  ausgehartetwird, 
sondern  diese  mindestens  eine  Komponente  (22,  24)  ausgehartetwird,  wahrend  die  Flachen  (26)  mitein- 
ander  in  Kontakt  sind,  urn  eine  Bindung  zwischen  den  Komponenten  zu  bewirken,  und  die  miteinander 
verbundenen  Komponenten  (22,  24)  zur  Herstellung  des  gebrannten  Bauteils  (32)  erhitzt  werden. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dali  eine  vollstandig  ausgehartete  Komponente 
(22,  24)  bereitgestellt  und  diese  in  Kontakt  mit  der  nicht  vollstandig  ausgeharteten  Komponente  (22,  24) 
gebracht  wird  und  die  beiden  Komponenten  aneinander  gebunden  werden. 

3.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  dali  die  mindestens  eine  nicht  vollstandig 
ausgehartete  Komponente  (22,  24)  durch  Warmeanwendung  ausgehartetwird. 

4.  Verfahren  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  dali  die  mindestens  eine  nicht  vollstandig 
ausgehartete  Komponente  (22,  24)  durch  Druckanwendung  ausgehartet  wird. 

5.  Verfahren  nach  Anspruch  3,  dadurch  gekennzeichnet,  dali  die  mindestens  eine  nicht  vollstandig  ausge- 
hartete  Komponente  (22,  24)  einen  nichtvollstandig  ausgeharteten,  durch  Warme  abbindenden  Binder 
enthalt. 

6.  Verfahren  nach  Anspruch  5,  dadurch  gekennzeichnet,  dali  die  mindestens  eine  nicht  vollstandig  ausge- 
hartete  Komponente  (22,  24)  einen  warmeabbindenden  Binder  enthalt,  derteilweise  ausgehartet  worden 
ist,  so  dali  die  Komponente  zwar  Handhabungsfestigkeit  hat,  aber  noch  mindestens  aufgrund  des  nur  teil- 
weise  abgebundenen  Binders  eine  Bindung  an  die  andere  Komponente  erfahrt. 

7.  Verfahren  nach  einem  dervorhergehenden  Anspruche,  dadurch  gekennzeichnet,  dali  die  miteinander  zu- 
sammengebrachten  Komponenten  (22,  24)  erhitzt  werden  und  mindestens  eine  einer  Erweichung  und 
Wiederverfestigung  unterliegt,  wobei  eine  Abstutzung  (28)  vorgesehen  wird,  urn  eine  Verformung  im  er- 
weichten  Zustand  zu  verhindern. 

8.  Verfahren  nach  Anspruch  5,  dadurch  gekennzeichnet,  dali  die  miteinander  in  Kontakt  gebrachten  Kom- 
ponenten  (22,  24)  auf  einer  Temperaturunterhalb  der  Erweichungstemperaturaller  Komponenten  (22,  24) 
gehalten  werden,  bis  alle  ausgehartet  sind. 

9.  Verfahren  nach  Anspruch  5,  dadurch  gekennzeichnet,  dali  eine  oder  mehrere  der  einander  angepaliten 
Flachen  (26)  miteinem  hochsiedenden  Losungsmittel  furden  Binder  angenalit  werden,  bevordie  einander 
angepaliten  Flachen  (26)  in  Kontakt  miteinander  gebracht  werden. 

10.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  dadurch  gekennzeichnet,  dali  mindestens  eine 
Komponente  (22,  24)  Silikapulver  und  einen  warmeabbindenden,  ein  Silikonharz  enthaltenden  Binder 
enthalt. 
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Revendications 

1.  Pro-cede  de  production  d'un  article  en  ceramique  (32)  comprenant  I'agencement  d'au  moins  deux  compo- 
sants  (22,  24)  pour  former  des  parties  respectives  de  Particle  (32)  et  amener  des  surfaces  d'assemblage 
(26)  des  composants  (22,  24)  en  contact  direct  entre  elles,  caracterise  en  ce  que  le  precede  comprend, 
en  outre,  la  formation  de  chaque  composant  (22,  24)  a  partir  d'une  composition  trempable,  au  moins  I'un 
des  composants  (22,  24)  n'etant  pas  completement  trempe,  le  trempage  d'au  moins  un  composant  (22, 
24)  pendarlt  que  les  surfaces  (26)  sont  en  contact,  de  maniere  a  effectuer  une  liaison  entre  les  compo- 
sants  et  le  chauffage  des  composants  (22,  24)  lies  pour  produire  I'article  cuit  (32). 

2.  Precede  de  production  selon  la  revendication  1,  caracterise  par  la  production  d'un  composant  (22,  24) 
completement  trempe,  I'amenee  du  composant  completement  trempe  au  contact  dudit  composant  (22,  24) 
pas  completement  trempe  et  la  liaison  des  composants  entre  eux. 

3.  Precede  selon  la  revendication  1  ou  2,  caracterise  par  le  trempage  dudit  au  moins  un  composant  (22,  24) 
pas  completement  trempe  par  I'application  de  chaleur. 

4.  Precede  selon  la  revendication  1  ou  2,  caracterise  par  le  trempage  dudit  au  moins  un  composant  (22,  24) 
pas  completement  trempe  par  I'application  d'une  pression. 

5.  Precede  selon  la  revendication  3,  caracterise  en  ce  que  I'au  moins  un  composant  (22,  24)  pas  complete- 
ment  trempe  contient  un  agent  liant  thermodurcissable  pas  completement  trempe. 

6.  Precede  selon  la  revendication  5,  caracterise  en  ce  que  ledit  au  moins  un  composant  (22,  24)  pas  comple- 
tement  trempe  contient  un  agent  liant  thermodurcissable  qui  a  ete  partiellement  trempe,  de  maniere  que 
le  composant  presents  une  resistance  a  la  manipulation,  mais  qu'il  soit  encore  soumis  a  une  liaison  a  un 
autre  composant,  en  raison,  au  moins  en  partie,  dudit  liant  partiellement  trempe. 

7.  Precede  selon  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  les  composants 
(22,  24)  qui  ont  ete  amenes  I'un  vers  I'autre  sont  chauffes  et  au  moins  I'un  d'entre  eux  subit  un  ramollis- 
sement  et  redurcissement,  un  support  (28)  etant  prevu  pour  limiter  la  deformation  dans  I'etat  ramolli. 

8.  Precede  selon  la  revendication  5,  caracterise  en  ce  que  les  composants  (22,  24)  qui  ont  ete  amenes  en 
contact  entre  eux  sont  maintenus  a  une  temperature  inferieure  a  la  temperature  de  ramollissement  de  tout 
composant  (22,  24),  jusqu'a  ce  qu'ils  soient  tous  trempes. 

9.  Precede  selon  la  revendication  5,  caracterise  par  le  mouillage  d'une  ou  plusieurs  des  surfaces  d'adapta- 
tion  (26)  avec  un  solvant  a  point  d'ebullition  eleve  pour  le  liant,  avant  que  les  surfaces  d'assemblage  (26) 
ne  soient  amenees  en  contact  entre  elles. 

10.  Precede  selon  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  qu'au  moins  un 
composant  (22,  24)  comprend  de  la  poudre  de  silice  et  un  liant  thermodurcissable  comprenant  une  resine 
silicone. 
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