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^   ©  Method  of  producing  a  ceramic  shape  and  that  ceramic  shape. 

©  A  method  of  producing  an  electrocast  brick  or 
other  ceramic  shape,  and  the  ceramic  shape  pro- 
duced  thereby,  wherein  the  electrocast  brick  or  other 
ceramic  shape  is  cast  in  a  mold  which  is  formed, 
with  a  predetermined  cavity  shape  and  size,  of 
quartz  glass  particles;  the  ceramic  material  of  the 
ceramic  shape  may  be  AbCvZrCk-SiCte  ceramic, 
AbCvSiCk  ceramic  or  other  meltable  ceramic  ma- 
terials. 
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Field  of  the  Invention 

The  present  invention  relates  generally  to  the 
production  of  bricks  and  other  shapes  of  ceramic 
material  and  more  specifically  to  a  method  of  pro- 
ducing  electrocast  bricks  (as  well  as  other  shapes). 

Background  of  the  Invention 

An  electrocast  shape,  e.g.,  a  brick  is  produced 
by  application  of  the  following  basic  steps: 

a)  melting  a  raw  material  such  as  AI2O3  -  Zr02  - 
Si02  ceramic  or  AI2O3  -  Si02  ceramic  by  an 
electric  furnace  or  other  means  of  melting  the 
raw  material; 
b)  introducing  (pouring)  the  molten  ceramic  ma- 
terial  into  a  mold;  and 
c)  cooling  the  molten  ceramic  material  into  a 
solid  shape. 

Conventionally,  silica  sand  is  used  as  a  mold 
material,  preferably  silica  sand  of  a  relatively  high 
purity  mixed  with  an  organic  binder,  e.g.,  a  phenol 
or  furan  resin.  Useful  natural  silica  sands  are  Viet- 
namese  Cam  Lanh  silica  sand  and  Australian 
Fremantle  silica  sand,  both  of  which  are  readily 
available  at  reasonable  cost.  Silica  sands  having 
grain  sizes  of  45  mesh  (Tyler  Mesh  Screen  Size) 
or  greater  in  size  are  normally  used.  The  mold 
material  (the  mixture  of  silica  sand  and  organic 
binder)  is  formed  into  a  predetermined  shape  so  as 
to  make  a  mold.  A  box  shaped  mold  is,  for  exam- 
ple,  may  be  made  by  first  forming  plates  of  the 
mold  material,  curing  the  binder  and  then  assem- 
bling  the  plates  into  a  box  with  the  interior  of  the 
box  forming  the  mold  cavity.  The  brick  shape  is 
then  formed  from  this  cavity.  Alternatively,  for  ex- 
ample,  the  mold  may  be  formed  as  a  single  piece 
with  an  integral  hollow  cavity  from  which  the  brick 
shape  is  formed.  Both  of  these  methods  are  well 
known  to  those  skilled  in  the  art. 

After  the  mold  is  fabricated  and,  preferably,  the 
binder  has  cured  (so  as  to  maintain  the  structural 
integrity  of  the  mold),  molten  ceramic  material  is 
poured  into  the  mold,  followed  by  the  gradual  cool- 
ing  of  that  molten  ceramic  material  to  solidification. 
Solidification  progresses  from  the  outside  exterior 
surfaces  to  the  inside  or  center  of  the  brick  (or 
other  shape)  until  all  of  the  molten  material  is 
solidified,  a  phenomenon  also  well  known  to  those 
skilled  in  the  art. 

To  ensure  slow  cooling,  a  thermal  insulation 
layer  is  arranged  outside  the  mold  to  cover  the 
mold  and  the  solidifying  shape  within.  The  material 
used  for  the  thermal  insulation  layer  may  be  silica 
sand,  the  same  material  used  to  form  the  mold,  or 
granular  alumina  particle  material  (bauxite)  or  dia- 
tomaceous  earth  may  be  used.  The  mold  itself  also 
acts  as  an  insulator  to  enhance  slow  cooling  due  to 

the  proximity  of  the  mold  cavity  surfaces  to  the 
solidifying  ceramic  material  within. 

As  the  molten  ceramic  material  is  poured  into 
the  mold,  the  mold  absorbs  heat  from  that  molten 

5  material,  firstly  from  the  molten  material  proximate 
to  the  mold  surfaces.  Thus,  the  surfaces  of  the 
casting  are  cooled  first  and  solidification  pro- 
gresses  from  the  outside  to  the  inside  of  the  cast- 
ing.  Just  after  pouring,  the  surface  temperature  of 

10  the  molten  material  starts  to  decrease,  while  the 
temperature,  of  the  molten  material  relatively  re- 
mote  from  the  mold  surfaces,  is  still  greater.  This 
causes  the  surface  of  the  casting  to  tend  to  solidify 
and  shrink  first,  before  the  center  portions  of  the 

15  casting  which  are  relatively  remote  from  the  mold 
cavity  surfaces.  On  the  other  hand  the  mold  is 
concurrently  heated  by  the  hot  casting,  and  it  ex- 
pands.  Thus,  the  casting  tends  to  shrink  as  the 
mold  tends  to  expand.  The  surfaces  of  the  mold 

20  cavity,  which  are  dimensionally  greater  than  other 
cavity  surfaces,  correspondingly  expand  to  a  great- 
er  degree,  thus  the  mold  and  its  cavity  tend  to 
deform  by  elongation.  This  tends  to  cause  the 
corresponding  surfaces  of  the  solidifying  casting  to, 

25  likewise,  elongate.  This  phenomenon  is  also  well 
known  to  those  skilled  in  the  art.  Those  discrete 
sections  of  the  casting  which  have  semi-solidified 
and/or  solidified,  as  the  mold  and  its  cavity  sur- 
faces  are  elongating,  tend  to  be  pulled  apart.  The 

30  result  is  that  edge  cracks  and/or  corner  cracks  are 
occasionally  formed  on  the  surfaces  of  such  cast- 
ings. 

Where  the  casting  and  corresponding  mold  are 
of  relatively  large  scale,  the  casting  corners  or 

35  shape  transition  areas  tend  to  cool  first,  even  be- 
fore  the  other  surfaces  of  the  casting.  Thus,  those 
casting  corners  or  shape  transition  areas  tend  to 
solidify  first.  In  such  a  situation,  as  the  mold  tends 
to  elongate,  it  is  somewhat  inhibited  by  the  solidify- 

40  ing  casting  corners  and  shape  transition  areas. 
Also,  the  larger  the  mold,  the  less  uniform  is  tem- 
perature,  thus  the  less  uniform  is  the  elongation. 
The  result  of  these  two  factors  is  that  the  more 
expansive  surfaces  of  the  mold  cavity  tend  to  de- 

45  form  by  warpage,  usually  producing  a  convex  sur- 
face  which,  in  turn,  produces  a  concave  surface  in 
the  corresponding  adjacent  surfaces  of  the  casting. 
Therefore,  where  larger  scale  castings  are  to  be 
made,  the  inside  surfaces  of  the  mold  cavities  are 

50  curved  or  concaved  to  compensate  so  that  they  will 
tend  to  flatten  during  deformation  by  elongation. 

Silica  sand  has  a  relatively  great  rate  of  ther- 
mal  conductivity,  i.e.,  silica  sand  is  a  relatively 
good  conductor  of  heat.  It  follows  that  conventional 

55  molds  formed  from  silica  sand  have  relatively  good 
capacity  for  cooling  castings.  In  addition  endother- 
mic  reactions  associated  with  the  crystalline  trans- 
formation  of  the  silica  (quartz)  from  a-phase  to  0- 
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phase  to  amorphous  (glass)  phase,  as  described 
hereinafter,  increase  the  cooling  capacity.  On  the 
other  hand  silica  sand  particles,  themselves,  ex- 
pand  during  such  crystalline  transformations.  This 
also  tends  to  produce  edge  cracks  and  concave 
surfaces  in  the  castings.  Concave  surfaces  can 
sometimes  be  repaired  by  expensive  diamond 
grinding.  Edge  cracks  cannot  be  repaired,  and 
sometimes  cause  the  castings  to  fracture.  It  goes 
without  saying  that  neither  concave  surfaces  nor 
edge  cracks  are  desirable. 

Then  crystalline  phase  transformation  of  quartz 
in  silica  sand  is  a  curious  phenomenon.  Natural 
silica  sand  is  composed  of  a-phase  quartz  or  Si02. 
When  heated  up  to  573  °  C,  a-phase  quartz  trans- 
forms  into  /3-phase  quartz  (also  known  as 
cristabolite)  with  a  transformation  volume  expansion 
of  about  1.35%.  At  1250  °C,  /3-phase  quartz  trans- 
forms  into  quartz  glass  (also  known  as  quartzite), 
the  amorphous,  non-crystalline,  vitreous,  fused 
form  of  quartz,  with  a  transformation  volume  expan- 
sion  of  as  much  as  20%. 

As  mentioned  before  the  silica  sand  mold  is 
rapidly  (almost  instantaneously  in  respect  to  the 
mold  cavity  surfaces)  heated  by  the  introduction  of 
hot,  molten  ceramic  material  being  poured  into  the 
mold.  The  silica  sand  transforms  and  expands  ac- 
cording  to  the  degree  to  which  each  discrete  par- 
ticle  is  heated  by  the  introduction  of  the  molten 
ceramic  material.  Some  particles  may  develop  sur- 
face  cracks  while  others  may  develop  internal, 
grain  boundary  or  intra-granular  cracks.  These  par- 
ticle  may  break  apart  or  shatter.  During  heating, 
stresses  are  developed  within  the  particle  and  the 
quartzite  particles  and  fusions  are  quite  friable  as  a 
result  of  the  phase  transformation  and  volume 
changes. 

A  mold  needs  permeability,  i.e.,  the  ability  to 
transmit  gases  therethrough.  Fine  powder  or  dust 
diminishes  the  permeability  of  a  mold,  as  the  fine 
powders  and/or  dust  tend  to  reduce  the  volume  of 
space  between  the  particles  of  silica  sand  used  to 
form  the  mold.  Therefore,  when  a  mold  material  is 
to  be  reused,  the  fine  powder  and  dust  must  be 
substantially  eliminated.  This  fine  powder  and  dust, 
created  by  the  breaking  up  and  shattering  of  the 
quartz  particles  during  heat-induced  phase  trans- 
formation,  are  disposed  of  as  industrial  waste.  It  is 
desirable  for  consideration  of  economics  and  cost 
reduction  that  mold  material  should  be  reused  as 
much  as  possible.  But  each  time  the  mold  material 
is  reused,  there  is  less  available,  as  some  is  re- 
duced  to  fine  powder  and  dust.  Indeed,  in  the  case 
of  production  of  electrocast,  the  natural  silica  sand 
mold  material  can  only  be  used  about  twice,  on 
average,  before  it  is  reduced  in  size  to  such  a 
degree  that  the  cost  of  separating  the  fines  and 
dust  from  the  remaining  particle  exceeds  the  cost 

of  using  virgin  material.  Further,  the  generation  and 
processing  of  the  fine  powder  and  dust,  including 
its  separation  from  the  reusable  particles,  creates  a 
substantially  more  adverse  work  environment  and, 

5  thus,  diminished  efficiency. 
It  has  been  discovered  that  when  molten  ce- 

ramic  material  is  introduced  by  pouring  into  con- 
ventional  silica  sand  molds,  some  of  the  silica  sand 
particles  are  instantly  broken  and  shattered  due  to 

io  thermal  shock,  even  before  any  crystalline  phase 
transformation  commences.  The  thermal  shock  is  a 
result  of  radiation  heating  of  the  mold  cavity  sur- 
face  sand  particles  produced  by  the  adjacent  prox- 
imity  of  the  extremely  high  temperature  molten 

is  ceramic  material  These  fragments  separate  from 
the  surface  of  the  mold  cavity  and  are  entrained  in 
the  molten  ceramic  material,  flowing  with  that  mol- 
ten  material  as  it  migrates  throughout  the  mold 
cavity.  The  crystalline  structure  of  the  quartz  of 

20  these  fragmented  particles  of  silica  sand,  as  ex- 
plained  above,  phase  transform  to  cause  expansion 
within  the  solidifying  casting,  resulting  in  internal 
stress  build-up  and  cracking.  Some  of  these  frac- 
tured  silica  sand  particles  gasify  to  create  blow 

25  holes  in  the  casting  as  it  solidifies.  Both  types  of 
defects  essentially  render  the  castings  useless, 
thus  producing  scrap. 

Attempts  have  been  made  to  use  alumina  ma- 
terials  for  the  mold  materials.  Particles  of  tabular 

30  alumina  and  fused  alumina,  both  of  which  are  sub- 
stantially  the  stable  a-phase  of  alumina  have  been 
tried.  Also,  attempts  have  been  made  to  use  alu- 
mina  mixed  with  entrapped  air  to  produce  such 
molds,  a  technique  normally  used  to  produce  light- 

35  weight,  alumina  bubble  refractories  for  insulation 
purposes.  But  castings  produced  using  alumina 
mold  material  become  fused  to  the  mold  materials, 
and  seized  within  the  mold,  as  the  molten  ceramic 
material  tends  to  weld  itself  to  the  cavity  surfaces 

40  of  alumina  molds.  These  seized  mold  materials  can 
only  be  removed  with  the  expenditure  of  great 
labor,  at  a  prohibitive  cost. 

An  object  of  the  present  invention  is  to  provide 
a  method  for  producing  quality  electrocast  bricks 

45  and  other  shapes  free  from  both  cracks  and  blow 
holes.  A  further  object  of  the  present  invention  is  to 
reduce  mold  cost  by  use  of  a  reusable  mold  ma- 
terial.  These  and  other  objects  of  the  present  in- 
vention  will  become  apparent  from  a  reading  of  the 

50  following  Summary  of  the  Invention,  Detailed  De- 
scription  and  Claims. 

Summary  of  the  Invention 

55  According  to  the  present  invention,  an  elec- 
trocast  brick  or  other  shape  is  produced  by  in- 
troducing  molten  ceramic  material  into  a  mold 
formed  from  particles  of  quartz  glass  with  a  pre- 
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determined  cavity  shape  and  size,  and  cooling  the 
molten  ceramic  material  to  a  solid  to  form  a  cast- 
ing.  The  present  invention  includes  both  the  meth- 
od  of  production  and  the  electrocast  brie  or  other 
shape  produce  by  the  method.  The  electrocast 
brick  or  other  shape  may  be  made  of  AbCvZrCk- 
Si02  ceramic.  The  Al203-Zr02-Si02  ceramic  may 
contain  about  25  to  40  %  by  weight  of  Zr02, 
preferably  about  33  %.  Alternatively,  the  elec- 
trocast  brick  or  other  shape  may  be  made  of  A 
bCvSiCk  ceramic.  The  electrocast  brick  may  be 
substantially  a  rectangular  parallelpiped.  The  sizes 
of  quartz  glass  particles  used  to  produce  the  mold 
may  be  between  48  mesh  and  8  mesh.  The  mold 
may  also  comprise  organic  binder  by  an  amount  of 
about  0.5  to  5  wt.%.  The  organic  binder  may  be  a 
fran  resin  or  a  phenol  resin.  In  producing  the  cast- 
ing,  a  slow  cooling  layer  may  be  placed  around  the 
mold,  and  the  slow  cooling  layer  may  be  formed  of 
quartz  glass  particles.  Both  the  quartz  glass  par- 
ticles  of  the  mold  and  of  the  slow  cooling  layer 
may  be  substantially  the  same  size  range.  About 
95  %  or  more  of  the  used  quartz  glass  particles 
may  be  reused  to  form  new  molds. 

Detailed  Description 

Quartz  glass  will  not  transform  and  has  hardly 
any  thermal  expansion  as  it  is  the  final  phase 
transformation  product  of  SiC>2.  When  quartz  glass 
particles  are  heated  by  molten  ceramic  material, 
only  a  relatively  very  small  number  of  them  are 
broken  or  cracked  to  float  into  the  melt.  Therefore 
high  quality  electrocast  bricks  and  other  shapes 
can  be  produced  using  quartz  glass  molds. 

The  coefficient  of  thermal  expansion  of  quartz 
glass  is  5.5  -  5.8  X  10_7deg_1.  The  coefficient  is 
so  small  that  its  thermal  expansion  can  be  substan- 
tially  neglected.  Therefore  castings  with  high  di- 
mensional  accuracy  and  reproducibility,  and  free 
from  both  concave  surfaces  and  cracks,  and  free 
from  blow  holes,  can  be  produced  by  using  quartz 
glass  molds.  Further,  the  quartz  glass  mold  ma- 
terial  can  be  reused  many  times,  thus  reducing 
mold  costs. 

The  quartz  glass  particles  used  as  mold  ma- 
terial  is  preferably  within  a  particle  size  range  of 
about  48  mesh  to  8  mesh  (Tyler)  for  moderate 
permeability  and  strength  of  the  mold.  Organic 
binders  such  as  fran  resin,  phenol  resin  are  prefer- 
ably  added  to  the  quartz  glass  particles  for  pur- 
poses  of  holding  the  particles  together  as  a  mold, 
i.e.,  for  structural  integrity.  The  amount  of  organic 
binder  used  is  preferably  0.5  -  5  %  by  weight  of 
the  organic  binder  and  quartz  glass  particle  mix- 
ture. 

Additional  quartz  glass  particles  are  preferably 
arranged  outside  the  mold,  to  cover  both  the  mold 

and  the  solidifying  casting,  as  annealing  or  slow 
cooling  layer.  The  finer  the  quartz  glass  particles 
are,  for  the  annealing  or  cooling  layer,  the  better 
annealing  effect  that  can  be  obtained,  i.e.,  the  finer 

5  the  particles,  the  slower  the  cooling.  But  the  same 
quartz  glass  particles  as  used  for  the  mold  are 
normally  to  be  used,  simply  for  the  sake  of  conve- 
nience  from  the  point  of  cost  and  economy  in  the 
manufacturing  process. 

io  Molds  using  quartz  glass  particles  can  also  be 
formed  by  the  well  known  vacuum  suction  method, 
but  without  the  addition  of  an  organic.  Thus  the  use 
of  an  organic  binder  in  some  method  of  forming 
molds  is  either  not  required  or  is  optional. 

is  Quartz  glass  particles  are  manufactured  in  var- 
ious  size  ranges  for  use  as  filler  material  for  the 
packaging  of  semiconductors.  Therefore  quartz 
glass  particles  are  easily  available  but  are  some- 
what  more  expensive  than  silica  sand. 

20 
Example  of  the  Present  Invention 

Quartz  glass  particles  of  +40  mesh  -10  mesh 
were  formed  into  a  cubic  mold  having  a  cavity  of 

25  250  X  400  X  1500  mm,  a  fran  resin  being  added  as 
binder  in  an  amount  of  1.3  wt.%  of  the  overall 
mixture.  The  mold  was  buried  within  a  heat  insulat- 
ing  (annealing)  layer  which  was  formed  by  quartz 
glass  particles  having  similar  size  to  those  used  for 

30  the  mold.  Only  a  feeding  head  (gate)  was  exposed 
above  the  mound  of  the  quartz  glass  heat  insulat- 
ing  layer.  Then,  molten  Al203-Zr02-Si02  elec- 
trocast  brick  material  including  Zr02  by  33  wt.% 
was  poured  into  the  mold.  After  cooling,  the  casting 

35  was  removed  from  the  mold. 

Comparative  Example 

A  mold  and  heat  insulating  layer  were  formed 
40  in  a  similar  way  to  the  Example  of  the  Present 

Invention  except  that  Fremantle  silica  sand  of  +  40 
mesh  -10  mesh  (Tyler)  was  used. 

The  electrocast  brick  of  the  Comparative  Ex- 
ample  had  a  concave  gate  surface  by  of  about  7 

45  mm  in  depth  and  several  edge  cracks  at  a  corner 
between  the  bottom  face  (opposite  the  gate  sur- 
face)  and  one  side  face.  When  the  casting  product 
of  the  Comparative  Example  was  removed  from  the 
silica  sand  mold  and  heat  insulating  layer,  a  great 

50  amount  of  dust  was  generated.  Thereafter  silica 
sand  used  for  the  mold  was  gathered,  washed  with 
water  and  dried.  The  reusable  particles  equal  to  or 
larger  than  40  mesh  were  separated  and  weighed 
by  passing  them  through  a  40  mesh  (Tyler)  screen. 

55  The  reusable  particles  were  only  48.5  %  by  weight, 
with  the  balance  falling  through  the  screen. 

On  the  other  hand,  with  the  Example  of  the 
Present  Invention,  a  good  quality,  uniform  casting 
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was  produced  with  neither  concave  surfaces  nor 
edge  cracks.  To  test  the  flatness  of  the  casting 
surfaces,  a  standard  diamond  grinding  apparatus 
was  set  to  remove  a  maximum  of  1  mm.  of  ma- 
terial.  All  points  on  the  surfaces  showed  evidence 
of  grinding,  thus  indicating  that  no  part  of  the 
surfaces  was  concave  by  1  mm  or  more.  The 
quartz  glass  particles  of  the  mold  were  gathered, 
washed  with  water  and  dried.  The  reusable  par- 
ticles  equal  or  larger  than  40  mesh  were  separated 
and  weighed.  The  reusable  particles  were  98  %  by 
weight. 

According  to  the  method  of  the  present  inven- 
tion,  a  mold  is  formed  of  quartz  glass  particles.  The 
quantity  of  quartz  glass  particles  fractured  or 
cracked  when  exposed  to  molten  ceramic  material 
and  suddenly  heated,  is  so  small  as  to  not  be 
detectable  by  observation,  thus  relatively  few  par- 
ticles  come  from  the  mold  to  be  entrained  into  the 
molten  ceramic  material  flow.  The  molten  material 
level  rises  calmly  in  the  mold,  showing  no  evidence 
of  turbulence  and/or  gas  bubbles  as  found  when 
silica  sand  is  used  as  a  mold  material.  Thus  a  good 
quality  casting  with  smooth,  flat  faces  and  free 
from  cracks  and  blow  holes  can  be  produced. 

The  quartz  glass  particles  can  be  used  many 
times  as  mold  material.  In  the  Example  of  the 
Present  Invention,  the  recovery  percentage  was,  for 
example,  98  wt.%.  If  it  has  been  determined  that 
95  wt.  %  of  the  initial,  virgin  quartz  glass  particles 
can  be  used  20  times  on  average,  while  conven- 
tional  silica  sand  particles  can  be  used  only  twice 
on  average.  Because  the  quartz  glass  particles  can 
be  used  so  many  times  as  a  mold  material,  the 
cost  of  the  molds  is  greatly  reduce  in  comparison 
to  the  use  of  conventional  silica  sand,  even  though 
quartz  glass  particles  cost  about  8  times  as  much 
as  silica  sand.  Further,  the  yield  rate  is  substan- 
tially  greater,  with  much  less  percentage  of  scrap 
from  the  castings.  In  addition  there  is  less  amount 
of  fine  powder  and  dust  generated  according  to  the 
present  invention.  Therefore  the  installation  and 
operating  costs  of  dust  collectors  can  be  essen- 
tially  eliminated,  and  the  disposal  cost  of  waste 
sand  fine  powder  and  dust  can  also  be  substan- 
tially  reduced.  Thus  the  overall  cost  can  be  further 
reduced. 

The  thermal  conductivity  rate  of  quartz  glass  is 
slower  than  that  of  silica  sand.  It  is,  for  example,  65 
%  of  the  thermal  conductivity  rate  of  natural  silica 
sand.  This  is  partially  explained  by  the  fact  that 
quartz  glass  has  a  density  of  2.21  g/cm3,  which  is 
less  than  the  2.65  g/cm3  density  of  silica  sand. 
Consequently,  the  quartz  glass  particle  mold  ab- 
sorbs  less  quantity  of  heat  (in  calories)  per  unit  of 
time  than  does  an  equivalent  conventional  silica 
sand  mold.  Thus,  the  quartz  glass  particle  mold 
does  not  suddenly  absorb  heat  from  the  casting 

product.  In  addition  coefficient  of  thermal  expan- 
sion  of  quartz  glass  is  5.5  -  5.8  X  10-7,  being  so 
small  that  thermal  expansion  of  the  mold  can  sub- 
stantially  be  ignored.  Thus,  castings  free  from  inter- 

5  nal  stresses,  concave  and  cracks  can  be  produced 
according  to  the  present  invention. 

Because  the  thermal  conductivity  rate  of  quartz 
glass  is  less  than  that  of  conventional  silica  sand, 
quartz  glass  particles  used  as  a  protective  slow 

io  cooling  layer  will  tend  to  permit  cool  down  of  the 
casting  and  mold  at  a  slower  rate.  Thus,  quartz 
glass  particles  are  a  better  material  for  use  as  a 
slow  cooling  (annealing)  layer  in  comparison  to 
conventional  silica  sand. 

is  As  mentioned  before,  according  to  the  present 
invention,  high  quality  electrocast  bricks  and  other 
shapes,  having  smooth,  flat  surfaces  without  cracks 
or  blow  holes,  can  be  consistently  cast.  In  addition 
the  production  costs  can  be  reduced  because 

20  quartz  glass  can  be  used  many  times  and  does  not 
generate  much  in  terms  of  waste  fine  powder  and 
dust. 

Although  the  foregoing  describes  the  current 
preferred  embodiment  and  best  presently  know 

25  mode  of  the  present  invention,  there  are  many 
variations  and  alternatives  for  application  of  the 
present  invention  and  its  products.  Thus  it  is  to  be 
understood  that  the  scope  of  the  present  invention 
is  restricted,  constrained  and  limited  only  by  the 

30  scope  of  the  following  claims. 

Claims 

1.  A  method  of  producing  a  ceramic  shape  com- 
35  prising  introducing  molten  ceramic  material 

into  a  mold  formed  from  particles  of  quartz 
glass,  said  mold  having  a  cavity  of  predeter- 
mined  shape  and  size,  and  cooling  said  molten 
ceramic  material  into  a  solid  to  form  a  casting. 

40 
2.  The  method  according  to  claim  1,  character- 

ized  in  that  said  ceramic  shape  comprises 
Al203-Zr02-Si02  ceramic  material. 

45  3.  The  method  according  to  claim  2,  character- 
ized  in  that  said  Al203-Zr02-Si02  ceramic  ma- 
terial  contains  25  wt.-%  to  40  wt.-%  of  Zr02. 

4.  The  method  according  to  claim  3,  character- 
50  ized  in  that  said  Al203-Zr02-Si02  ceramic  ma- 

terial  contains  33  wt.-%  of  Zr02. 

5.  The  method  according  to  claim  1,  character- 
ized  in  that  said  ceramic  shape  comprises 

55  Al203-Si02  ceramic  material. 

6.  The  method  according  to  anyone  of  claims  1  - 
5,  characterized  in  that  said  ceramic  shape  is 

5 
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an  electrocast  brick. 

7.  The  method  according  to  claim  6,  character- 
ized  in  that  said  electrocast  brick  is  substan- 
tially  a  rectangular  parallelepiped. 

8.  The  method  according  to  anyone  of  claims  1  - 
7,  characterized  in  that  the  sizes  of  said  quartz 
glass  particles  of  said  mold  are  between  48 
Tyler  mesh  and  8  Tyler  mesh. 

9.  The  method  according  to  anyone  of  claims  1  - 
8,  characterized  in  that  said  mold  comprises 
an  organic  binder  within  a  range  of  0,5  -  5  wt- 
%  of  the  weight  of  said  mold. 

10.  The  method  according  to  claim  9,  character- 
ized  in  that  said  organic  binder  is  a  furan  resin. 

11.  The  method  according  to  claim  9,  character- 
ized  in  that  said  organic  binder  is  a  phenol 
resin. 

12.  The  method  according  to  anyone  of  claims  1  - 
1  1  ,  characterized  in  that  a  slow  cooling  layer  is 
placed  around  said  mold. 

13.  The  method  according  to  claim  12,  character- 
ized  in  that  said  slow  cooling  layer  is  formed  of 
quartz  glass  particles. 

14.  The  method  according  to  claims  12  or  13, 
characterized  in  that  said  quartz  glass  particles 
of  said  mold  and  of  said  slow  cooling  layer  are 
substantially  of  the  same  sizes. 

15.  The  method  according  to  anyone  of  claims  1  - 
14,  characterized  in  that  95  %  or  more  of  said 
quartz  glass  particles  are  reused  when  a  new 
mold  is  formed. 

16.  A  cermaic  shape  produced  by  a  method  com- 
prising  introducing  molten  ceramic  material 
into  a  mold  formed  from  particles  of  quartz 
glass,  said  mold  having  a  cavity  of  predeter- 
mined  shape  and  size,  and  cooling  said  molten 
ceramic  material  into  a  solid  to  form  a  casting. 

17.  The  ceramic  shape  according  to  claim  16, 
characterized  in  that  said  ceramic  material 
comprises  Al203-Zr02-Si02. 

18.  The  ceramic  shape  according  to  claim  17, 
characterized  in  that  said  Al203-Zr02-Si02  ce- 
ramic  material  contains  25  wt.-%  to  40  wt.-% 
of  Zr02. 

19.  The  ceramic  shape  according  to  claim  18, 

characterized  in  that  said  Al203-Zr02-Si02  ce- 
ramic  material  contains  33  wt.-%  of  Zr02. 

20.  The  ceramic  shape  according  to  claim  16, 
5  characterized  in  that  said  ceramic  material 

comprises  Al203-Si02. 
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