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Description 

CERAMIC/  DISTILLABLE  BINDER  COMPOSITIONS 

temperature.  By  "distillable  binder"  is  meant  one  that 
can  be  removed  from  the  composition  by  distillation, 
sublimation,  evaporation,  and  the  like,  and  re- 
covered  chemically  unchanged.  Disenable  binders 
include,  but  are  not  limited  to,  plasric  crystalline 
materials  .plastic  crystals).  By  "plastic  is  meant  the 
capability  of  being  formed  into  a  film,  either 
free-standing  or  supported,  or  any  other  shape. 

The  most  preferred  binder  of  this  invention  is  the 
plastic  crystal,  succinonitrile.  Such  plastic  crystals 
and  their  properties  are  described  in  Sherwood 
(Ed.),  "The  Plastically  Crystalline  State",  Wiley,  1979, 
especially  Chaps  1  and  8;  Gray  et  al.,  (Eds.),  "Liquid 
Crystals  and  Plastic  Crystals",  Horwood/Wiley,  1974. 
pages  48  to  59;  Aston  in  Fox  et  al.  (Eds.),  "Physics 
and  Chemistry  of  the  Organic  Solid  State",  Inter- 
science,  1963,  pages  543  to  583.  There  is  no 
suggestion  in  this  art  or  any  other  so  far  as  can  be 
determined  that  plastic  crystals  can  be  employed  as 
binders  or  matrices  for  ceramic  compositions. 
Another  preferred  binder  is  1  ,3,5-trioxane  (trioxane), 
a  crystalline  trimer  of  formaldehyde  having  a  single 
melting  point. 

The  ceramic  component  of  the  compositions  of 
this  invention  may  be  broadly  selected  from  oxides, 
nitrides,  carbides  or  silicides,  or  from  metals  such  as 
iron.  Preferred  are  aluminum  oxide,  aluminum  ni- 
tride,  or  a  mixture  of  aluminum  nitride  and  boron 
nitride.  Representative  of  the  ceramics  that  can  be 
employed  to  make  the  compositions  of  this  invention 
are  those  discussed  in  Kirk-Othmer,  "Encyclopedia 
of  Chemical  Technology",  3rd  Edition,  Vol.  5, 
"Ceramics",  pages  234  to  314,  1979.  See,  especially, 
the  Tables  on  pages  251,  252,  312  and  313. 

Especially  preferred  ceramic  materials  for  use  in 
preparing  the  ceramic/distillable  binder  composi- 
tions  of  the  present  invention  are  mixed  metal  oxide 
phases  which  are  superconducting.  The  develop- 
ment  of  superconducting  oxide  materials  is  de- 
scribed  by  Clarke  in  Advanced  Ceramic  Materials, 
2(3B),  273  (1987).  Examples  of  superconducting 
oxides  that  can  be  employed  to  make  the  composi- 
tions  of  this  invention  include  Lai-x(Ba,  Sr, 
Ca)xCu04-y  wherein  x  is  typically  about  0.15  and  y 
indicates  oxygen  vacancies  (Bednorz  et  al.  Euro- 
phys.  Lett.  3,  379  to  384,  (1987),  or  the  so-called 
"1-2-3"  superconducting  phases  having  the  formula 
MBa2Cu3Ox  wherein  M  is  selected  from  Y,  Nd,  Sm, 
Eu,  Gd,  Dy,  Ho,  Er,  Tm,  Yb,  La  and  Lu,  and  x  is  from 
about  6.5  to  7.0  (Chu  et  al.  Science  235,  567  (1987). 
See  also  Cava  et  al.  Phys.  Rev.  Lett.  58,  1676  (1987). 

Also  useful  are  powdered  precursors  of  super- 
conducting  oxides.  A  suitable  precursor  can  be 
prepared  by  mixing  barium  oxide  and  yttrium  oxide 
with  an  aqueous  solution  of  cupric  nitrate  or  acetate 
at  a  temperature  of  about  50°  to  100°C  to  obtain  a 
suspension  of  yttrium  :barium:copper  in  an  atomic 
ratio  of  about  1  :2:3,  and  drying  the  suspension  to 
obtain  the  powdered  precursor.  Also  useful  are 
superconductors  having  the  formula  Bi2Sr3-zCaz- 
CU2O8+W  wherein  z  is  about  0.1  to  0.9,  preferably  0.4 

BACKGROUND  OF  "HE  INVENTION  5 

This  invent  on  relates  to  ceramic  compositions 
contain  ng  a  distillable  binder,  shaped  articles 
formed  therefiom  anc  prepa'ative  processes  for  the 
shaped  articles  and  lor  the  compositions.  10 

Shapaable  ceramic  or  prsceramic  compositions 
contain  ng  polymeric  binders  wherein  the  polymer 
provides  a  matrix  for  the  composition  are  well 
known.  Examples  of  such  polymeric  binders  are 
epoxy  resins,  phenolic  resins,  polyimides.  polysul-  15 
tones,  polystyrenes,  polyaramids,  polyesters  and 
polycarbonates;  see,  for  example,  Lee  et  al.,  "Metal 
and  Polymer  Matrix  Composites",  Noyes  Data  Corp., 
1987,  pages  10  to  18  and  121  to  123.  Polymers 
provide  plastic  properties  which  impart  toughness  20 
and  shapeabihty  to  ceramic  components.  However, 
the  polymers  must  be  destructively  burned  off 
during  densification/firing  of  the  ceramic  composite. 
Frequently,  undesirable  carbonization  occurs  during 
removal  of  the  polymer  binder  by  the  technique  of  25 
burning  it  off. 

So  far  as  can  be  determined,  the  art  until  this  time 
has  been  unaware  of  a  process  for  forming  ceramic 
articles  from  a  ceramic/binder  composition  without 
the  necessity  for  destructive  removal  of  the  binder  30 
with  the  dangers  attendant  thereon  of  contaminating 
the  ceramic  with  undesired  polymer  residues.  It  is 
the  subject  of  this  invention  to  provide  compositions 
of  ceramic  particulates  and  methods  for  making  and 
working  the  compositions  so  that  it  will  now  be  35 
possible  to  make  ceramic  aricles  without  the 
necessity  and  cost  of  destroying  the  polymeric 
binder  matrix  used  to  hold  the  ceramic  particles 
together  until  the  sintering  step. 

40 

SUMMARY  OF  THE  INVENTION 

This  invention  is  based  on  the  discovery  that 
certain  materials  heretofore  unknown  to  be  useful  45 
for  this  purpose  can  be  employed  as  distillable 
binders  for  ceramic  particles.  These  materials  can  be 
non-destructively  distilled  or  sublimed  from  the 
shaped  composite  without  formation  of  carbon  or 
other  by-products,  and  are  available  for  reuse.  50 
Suitable  distillable  binders  include  crystalline  or- 
ganic  compounds  known  as  "plastic  crystals"  or 
"disordered  crystal  mesophases",  usually  having 
cubic  symmetry  and  two  melting  points  between 
which  "plastic"  properties  are  exhibited.  When  the  55 
plastic  properties  occur  within  a  practical  tempera- 
ture  range  such  crystals  can  serve  as  matrices  for 
ceramic  materials. 

The  term  "ceramic"  as  employed  in  the  descrip- 
tion  of  this  invention  specifically  includes  supercon-  60 
ducting  oxides  in  the  broadest  sense.  The  term  also 
includes  high  melting  metals  and  ceramic  precur- 
sors  which  are  converted  into  ceramics  at  elevated 
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to  0.8,  and  w  is  greater  than  0  but  less  than  about  1  . 
Pure  phase  superconductive  ceramics  as  well  as 
ceramics  containing  no  superconductive  phase  or 
mixed  ceramic/superconductive  phases,  of  any 
crystal  structure  and  morphology,  can  be  employed 
in  the  compositions  and  processes  of  this  invention. 

contemplated  for  use  in  this  invention  have  dual 
melting  points  with  the  plastic  range  usually  occur- 
ing  between  the  two  melting  points.  Trioxane, 
however,  is  one  instance  of  a  preferred  distillable 

5  binder  that  has  but  a  single  melting  point. 
It  is  convenient,  but  not  essential,  to  dissolve  the 

binder  in  a  comparatively  volatile  solvent  which  is 
chemically  inert  in  the  mixing  and  solvent  removal 
steps.  When  the  binder  is  succinonitrile  or  trioxane, 

10  then  methylene  chloride,  or  more  preferably,  mix- 
tures  of  methylene  chloride  and  methanol,  are 
suitable  solvents.  It  is  desirable  that  the  solvent  be 
capable  of  wetting  the  ceramic  component.  It  may 
also  be  desirable  to  add  other  materials,  such  as 

15  acetic  acid,  which  aid  dispersion  of  the  particulate 
ceramic  material  and/or  prevent  caking  or  agglomer- 
ation  of  the  particulate  ceramic. 

Uniform  mixing  in  the  presence  of  solvent  can  be 
conveniently  accomplished  on  a  small  scale  in  a 

20  Waring  or  food  blendor,  although  other  mixing 
methods  can  be  employed  which  will  be  known  to 
those  of  ordinary  skill  in  the  ceramic  art.  After 
mixing,  solvent(s)  should  be  removed.  by  evapora- 
tion  under  gentle  heat.  Alternatively,  the  compo- 

25  nents  can  be  blended  without  added  solvent  at  a 
temperature  at  which  the  binder  is  in  liquid  form.  The 
binder  can  be  supported  on  an  inert  support  such  as 
an  oxide,  and  dry-mixed  in  particulate  form  with  the 
ceramic  particulate.  The  blend,  after  removal  of 

30  solvent,  if  any,  is  then  molded  into  a  shape,  for 
example  a  film,  or  extruded  into  a  fiber,  said  shaping 
being  performed  at  a  temperature  within,  or  above, 
the  plastic  range  of  the  binder.  Most  conveniently, 
the  compositions,  after  shaping  but  before  densifi- 

35  cation,  are  handled  at  temperatures  within  the 
plastic  range  of  the  binder. 

The  most  preferred  binder  of  this  invention, 
succinonitrile,  has  melting  points  at  -40°  C  and  at 
+54°C.  In  the  intervening  temperature  range, 

40  succinonitrile  looks  and  acts  like  a  soft  plastic, 
undergoing  plastic  deformation  under  pressure  to 
give  clear  flexible  films.  A  blend  containing  80  weight 
percent  of  alumina  and  20  weight  percent  of 
succinonitrile  can  be  processed  into  shaped  articles 

45  at  temperatures  from  somewhat  below  room  tem- 
perature  to,  say,  100°  C  or  higher.  The  preferred 
binder,  trioxane,  melts  at  64°  C  but  has  plastic 
properties  at  room  temperature.  A  composition 
containing  about  20  weight  percent  or  more  of 

50  trioxane  can  be  shaped  at  temperatures  frorn  room 
temperature  to  100°C  or  higher. 

The  compositions  and  processes  of  this  invention 
are  useful  to  make  ceramic-containing  laminates. 
For  instance,  an  electronically  useful  substrate  such 

55  as  alumina,  zirconia  or  magnesia  can  be  coated  with 
a  composition  of  this  invention.  Upon  firing,  the 
ceramic  will  adhere  to  the  substrate  to  form  a 
two-layer  laminate  desirably  free  of  contaminant 
residue.  Multi-layer  laminates  can  be  formed  by 

60  stacking  ceramic  pariculate/binder  films  of  the 
same  or  different  composition,  or  by  applying 
ceramic  particulate/binder  films  to  laminates  before 
firing.  Structures  of  wicely  varying  configuration  can 
be  made  consistent  only  with  the  need  to  provide 

65  exit  capability  for  the  distillable  binder.  Such  lami- 

DETAILS  OF  THE  INVENTION 

Following  are  several  typical  embodiments  of  the 
compositions  of  this  invention. 

A.  A  composition  comprising  one  or  more 
ceramic  particulates  and/or  particulate  precur- 
sors  thereof,  and  at  least  about  10  weight 
percent,  preferably  at  least  about  20  weight 
percent,  of  a  distillable  binder  having  plastic 
properties  in  a  temperature  range  of  about 
-40°  C  to  300°  C,  preferably  about  15°  to  200°  C. 

B.  A  composition  as  in  Enbodiment  A 
wherein  the  distillate  binder  is  a  plastic  crystal- 
line  compound  (plastic  crystal). 

C.  A  composition  as  in  Embodiment  B 
wherein  the  plastic  crystalline  compound  is 
succinonitrile  or  trioxane. 

D.  A  composition  as  in  C  wherein  the  ceramic 
compound  comprises  a  superconducting 
phase  such  as  "1-2-3"  type. 

E.  A  composition  as  in  C  wherein  the  ceramic 
compound  comprises  one  or  both  of  aluminum 
oxide  or  nitride. 

F.  A  composition  of  any  one  or  more  of 
Embodiments  A  to  E  in  the  form  of  a  shaped 
article. 

G.  A  composition  as  in  F  wherein  the  article  is 
in  the  shape  of  a  film  or  fiber. 

The  following  represent  several  typical  embodi- 
ments  of  methods  for  forming  the  compositions  of 
this  invention. 

H.  A  process  for  preparing  a  composition  as 
in  Embodiment  A  through  E  comprises  admix- 
ing  a  distillable  binder  and  ceramic  powder, 
optionally  in  the  presence  of  a  solvent  for  the 
binder. 

I.  A  process  as  described  in  H  conducted  at  a 
temperature  within,  or  above,  the  plastic  range 
of  said  binder  followed  by  removing  any  solvent 
that  may  be  present. 

J.  A  process  for  densifying  a  composition  as 
described  in  any  of  Embodiments  A  through  G 
comprising  distilling  the  binder  from  trW  com- 
position  and  sintering  the  ceramic  component, 
the  process  being  characterized  in  that  the 
distillation  step  does  not  destroy  the  binder  or 
leave  binder  residue  in  the  component  during 
densification. 

K.  A  process  as  in  J  comprising  the  additional 
step  of  recovering  the  binder. 

The  ceramic  materials  should  be  in  particulate 
form,  preferably  fine  powder  containing  largely 
submicron  particles.  The  distillable  binder  for  use  in 
the  invention  is  any  compound  or  mixture  of 
compounds  which  have  at  least  one  melting  point 
and  exhibit  plastic  properties  in  a  given  temperature 
range.  Many  but  not  all  of  the  distillable  binders 
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Three  g  of  YBa2Cu3O7  superconducting  oxide 
paniculate  and  1  g  of  succinonitrile  were  placed  in  a 
glass  vial.  The  mixture  was  stirred  with  a  spatula 
while  being  warmed  in  a  stream  of  hot  air.  The 
resulting  dispersion  was  quickly  poured  on  a  piece 
of  aluminum  foil  to  form  a  thick  pliable  film.  Half  of 
this  film  was  sandwiched  between  sheets  of  alumi- 
nium  foil  and  pressed  in  a  Carver  laboratory  press  at 
room  temperature  with  a  load  of  about  12000 
pounds.  The  resulting  black  pliable  film  was  about  25 
to  40  mils  thick. 

Strips  cut  from  this  film  was  laid  on  a  thin  piece  of 
ZrO2  electronic  substrate  and  on  a  piece  of  single 
crystal  MgO.  The  combinations  were  placed  in  a 
horizontal  position  in  an  oven  with  an  air  atmos- 
phere.  The  temperature  was  raised  from  room 
temperature  to  160°  at  1  degree  per  minute,  held  at 
160°  for  180  min.,  raised  from  160°  to  910'  at  2 
degrees  per  minute,  held  at  910°  for  1  min,.  raised 
from  910°  to  915°  at  2  degrees  per  min.  and  held  at 
915°  for  60  minutes.  The  oven  was  then  allowed  to 
cool  to  650'  at  5  degrees  per  min,  held  at  650°  for  60 
min  then  cooled  from  650°  to  50°  at  2  deg  per  min. 
The  resulting  black  adherent  coatings  were  tested 
for  conductivity  by  a  four  probe  technique.  The  film 
laminates  both  showed  transitions  to  superconduc- 
tivity  at  temperatures  above  that  of  liquid  nitrogen. 

nates  comprising  one  or  more  superconducting 
layers  can  be  employed  as  bases  for  connecting 
electronic  components  with  the  objective  of  reduc- 
ing  electrical  losses  in  the  interconnections  when 
said  layers  are  placed  in  the  superconducting  state 
by  cooling  beow  the  superconducting  transition 
temperature. 

In  the  following  illustrative  Examples,  parts  and 
percentages  are  by  weight  and  temperatures  are  in 
degrees  Celsius  unless  otherwise  specified. 10 

example:  1 

Methylene  chloride  (150  mL),  succinonitrile  (20  g), 
Alcoa  A-16  alumina  powder  (80  g),  methanol  (20  mL) 
and  acetic  acid  (0.4  mL)  were  mixed  in  a  food 
blendor.  Solvent  was  removed  by  evaporation  while 
slowly  mixing,  giving  a  gray  plastic  residue.  A  plug 
(2.9  cm  dia  x  0.92  cm  length)  and  thin  sheet  were 
pressed  at  roo-n  temperature  and  slowly  heated  to 
1500°  during  which  time  the  succinonitrile  was 
distilled.  The  tnin  sheet  provided  a  hard,  strong, 
crack-free  ceramic  that  gave  a  strong  metallic  ring 
when  tapped.  The  larger  pi  jg  held  together  but 
contained  some  cracks  which  were  believed  due  to 
too  rapid  distillation  of  the  succinonitrile  from  thick 
sections. 

15 

20 

25 

EXAMPLE  7 

The  composition  of  Example  6  can  be  made 
employing  succinonitrile  supported  on  zirconium 
oxide.  Powdered  supported  binder  and  supercon- 
ducting  oxide  are  milled  together  in  a  rubber  mill  at 
about  100°  and  the  composite  pressed  into  a  film  as 
described  in  that  Example. 

30 
EXAMPLE  2 

Alcoa  A-16  alumina  (160  g>,  succinonitrile  (40  g) 
and  acetic  acid  (1  mL)  were  blended  on  an  ink  mill  at 
120  .  The  blend  was  easily  molded  at  100°  and  300 
psi  (2070  kPa),  giving  very  flex  ble  molded  pieces. 

35 

EXAMPLE  3 

Substitution  of  trioxane  'or  the  succinonitrile 
employed  in  Example  1  would  provide  similar  shaped 
articles  when  worked  up  according  to  the  procedure 
described  in  that  Example. 

Example  8 

Compositions  similar  to  those  described  in  Exam- 
ples  6  and  7  can  be  made  from  powdered  precursors 
of  the  superconducting  oxide  employed  in  those 
Examples.  A  suitable  powdered  precursor  can  be 
prepared,  for  example,  as  follows:  aqueous  solu- 
tions  of  yttrium  acetate  and  cupric  acetate  at  about 
75°  are  mixed  together,  and  then  barium  hydroxide 
(Ba(OH)2»8H2O)  is  added  slowly  thereto,  with 
stirring,  the  amounts  being  such  that  yttrium,  barium 
and  copper  are  present  in  an  atomic  ratio  of  about 
1  :2:3,  respectively.  The  resulting  suspension  is 
stirred  at  75°  until  a  paste  is  obtained.  The  paste  is 
heated  until  dry,  then  further  dried  in  a  vacuum  oven 
at  about  170°  for  1  h,  and  ground  to  a  fine  powder. 
Likewise,  trioxane  can  be  employed  in  place  of,  or  in 
admixture  with,  the  succinonitrile  of  Examples  5,  6 
and  7. 

40 

45 

example:  4 

Substitution  of  tricxane  for  the  succinonitrile 
employed  in  Example  2  would  provide  a  composition 
of  similar  moldability  when  worked  up  according  to 
the  procedure  described  in  that  Example. 

50 

EXAMPLE  5 

Iron  powder  containing  2  percent  nickel  (180  g) 
and  succinonitrile  (20  g)  were  blended  on  a  rubber 
mill  at  300'  .  Part  of  the  succinonitrile  was  thought  to 
have  evaporated.  The  blend  was  pressed  at  room 
temperature  to  a  flexible  film. 

55 

60 
Claims 

1  .  A  composition  of  a  ceramic  particulate  in  a 
distillable  binder,  the  binder  having  plastic 
properties  in  a  temperature  range  of  about 

EXAMPLE  6 
65 
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-40°  C  to  300°  C. 
2.  A  composition  according  to  Claim  1 

wherein  the  distillable  binder  is  a  plastic 
crystalline  compound. 

3.  A  composition  according  to  Claim  2 
wherein  the  binder  is  succinonitrile  or  trioxane. 

4.  A  composition  according  to  Claim  1  ,  2,  or  3 
wherein  the  ceramic  comprises  one  or  both  of 
aluminum  oxide  and  aluminum  nitride. 

5.  A  composition  according  to  Claim  1  ,  2,  or  3 
wherein  the  ceramic  comprises  a  superconduc- 
tor. 

6.  A  composition  according  to  Claim  5 
wherein  the  superconductor  comprises  at  least 
one  compound  of  yttrium,  barium  and  copper  in 
the  atomic  weight  ratio  of  about  1  :2:3,  respec- 
tively. 

7.  A  composition  according  to  any  of  Claims  1 

to  6  in  the  form  of  a  shaped  article. 
8.  A  process  for  preparing  a  composition 

according  to  any  one  of  Claims  1  to  6  or  10 
comprising  admixing  a  distillable  binder  and 
ceramic  powder,  optionally  in  the  presence  of  a 
solvent  for  the  binder,  at  a  temperature  within  or 
above  the  plastic  range  of  the  binder. 

9.  A  process  for  densifying  a  composition  as 
described  in  any  of  Claims  1  to  6  or  10 
comprising  distilling  the  binder  and  sintering 
the  ceramic,  the  process  being  characterized  in 
that  the  distillation  step  does  not  destroy  the 
binder  or  leave  binder  residue  in  the  ceramic. 

10.  A  composition  according  to  any  one  of 
Claims  1  to  6  wherein  the  distillable  binder  has 
plastic  properties  in  a  temperature  range  of 
about15°Cto200cC. 
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