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of  thermal  expansion  should  be  relatively  low  in  or- 
der  to  avoid  a  mismatch  of  thermal  expansions  with 
the  electronic  components  and  the  fiberglass  rein- 
forcement  with  which  the  polymeric  matrix  is  compos- 

5  ited.  It  has  been  found  that  the  coefficient  of  expan- 
sion  of  the  thermoset  terpolymer  of  the  present  in- 
vention  is  comparable  to  a  polyimide  matrix. 
Furthermore,  the  thermal  stability  of  the  polymer  ma- 
trix  must  be  relatively  high  in  nature  inasmuch  as  the 

10  matrix  must  possess  the  ability  to  withstand  solder- 
ing  temperatures  without  melting  or  degrading.  A  de- 
sirable  characteristic  of  the  thermoset  terpolymer 
of  the  present  invention  is  that  the  thermal  stability 
of  the  polymer  is  variable  and  can  be  tailored  to  fall 

15  within  a  range  between  that  of  polyimide  and  epoxy 
matrix. 

The  terpolymer  of  the  present  invention  when 
subjected  to  reaction  with  a  cross-linking  agent  or 
hardener  results  in  a  high  degree  of  cross-linking 

20  which  renders  the  polymer  resistant  to  dissolution 
or  decomposition  due  to  the  action  of  a  solvent  on 
the  board.  This  is  of  particular  importance  when  a 
solvent  such  as  methylene  chloride  is  employed  in 
the  subsequent  vapor  degreasing  process  during 

25  the  soldering  stage  in  copper  clad  or  multilayer 
boards. 

It  is  therefore  an  object  of  this  invention  to  pro- 
vide  a  high  temperature  thermoset  terpolymer. 

One  embodiment  of  this  invention  provides  a  ter- 
30  polymer  comprising  an  alpha-substituted  olefin,  an 

alpha,  beta-disubstituted  olefin  and  a  dual  function 
monomer  wherein  said  alpha-substituted  olefin  is  se- 
lected  from  styrene,  o-chlorostyrene,  ja-chlorosty- 
rene,  g-bromostyrene,  p.-bromostyrene,  o-iodosty- 

35  rene,  m-iodostyrene,  rj-iodostyrene  and  vinylnaph- 
thylene,  wherein  said  alpha,  beta-disubstituted  ole- 
fin  is  selected  from  acenaphthylene,  indene  and  N- 
phenylmaleimide,  and  wherein  said  dual  function 
monomer  is  selected  from  glycidyl  acrylate  and  gly- 

40  cidyi  methacrylate. 
Another  embodiment  of  this  invention  provides  a 

thermoset  terpolymer  which  has  been  thermoset  by 
cross-linking  or  curing  the  above-defined  terpoly- 
mer  with  a  cross-linking  agent  comprising  a  low  mo- 

45  lecular  weight  multifunctional  amine  in  the  presence 
of  a  catalyst  at  curing  conditions. 

A  specific  embodiment  of  this  invention  will  be 
found  in  a  thermoset  terpolymer  comprising  a  mix- 
ture  of  styrene,  acenaphthylene  and  glycidyl  meth- 

50  acrylate  which  is  cross-linked  with  dicyandiamide. 
A  preferred  thermoset  terpolymer  can  be  pre- 

pared  by  mixing  styrene,  acenaphthylene,  and  glyci- 
dyl  methacrylate  at  a  temperature  in  the  range  of 
from  ambient  to  100°C  and  subatmospheric  pres- 

55  sure,  cross-linking  or  curing  the  resultant  recov- 
ered  admixture  with  a  cross-linking  agent  compris- 
ing  dicyandiamide  in  the  presence  of  a  catalyst  com- 
prising  benzyldimethylamine,  at  a  temperature  in  the 
range  of  from  150°  to  250°C  for  a  period  of  time 

60  ranging  from  1  to  40  hours,  and  recovering  the  re- 
sultant  thermoset  terpolymer  after  curing. 

Other  objects  and  embodiments  will  be  found  in 
the  following  detailed  description  of  the  invention. 

As  hereinbefore  set  forth,  the  present  invention 
65  is  concerned  with  thermosettable  and  high  tempera- 

Description 

With  the  advent  of  sophisticated  equipment  in  the 
electrical  and  electronic  fields,  it  has  become  nec- 
essary  that  the  components  of  the  various  pieces 
of  equipment  conform  to  high  standards  which  are 
set  forth  in  the  specifications  for  these  compo- 
nents.  For  example,  circuit  boards  which  are  used  in 
relatively  complicated  pieces  of  equipment  such  as 
main  frame  computers  must  be  of  a  relatively  high 
standard  of  quality  in  order  to  function  in  an  effi- 
cient  manner  for  a  long  period  of  time  without  deteri- 
orating  or  breaking  down  and  thus  causing  an  inter- 
ruption  in  the  function  of  the  machine.  This  high 
quality  of  material  is  opposed  to  pieces  of  equipment 
requiring  a  lower  standard  of  quality  such  as  those 
used  in  personal  computers,  television  equipment, 
radios,  etc. 

Circuit  boards  (i.e.  printed  wiring  boards  or 
PWB)  upon  which  a  circuit  is  etched  or  implanted 
usually  comprise  a  laminate  which  is  composed  of  a 
synthetic  polymeric  substance  which  possesses  de- 
sirable  characteristics  such  as  thermal  stability,  low 
coefficient  of  thermal  expansion,  dimensional  stabili- 
ty,  low  dielectric  constant,  solvent  resistance,  low 
moisture  absorption,  etc.  and  a  suitable  reinforce- 
ment  matrix,  such  as  glass,  quartz,  graphite,  Kev- 
lar,  etc. 

As  will  hereinafter  be  shown,  it  has  now  been  dis- 
covered  that  a  polymer  according  to  the  invention 
which  contains  three  components  after  it  has  been 
cross-linked  with  an  amine  may  be  used  as  a  syn- 
thetic  polymeric  substance  in  making  a  circuit  board 
and  will  then  possess  the  desirable  characteristics 
hereinbefore  set  forth. 

This  invention  relates  to  thermosettable  polymers 
and  to  thermoset  polymers.  More  specifically,  the 
invention  is  concerned  with  a  terpolymer  that  can  be 
converted  into  a  high  temperature  thermoset  ter- 
polymer.  As  was  previously  mentioned,  the  terpoly- 
mers  of  the  present  invention  which  constitute  com- 
positions  of  matter  may  be  formulated  into 
crosslinked,  insoluble  matrices  by  curing  with  hard- 
eners  and  then  utilized  in  circuit  board  laminates 
and  dielectric  coatings,  the  use  thereof  being  attri- 
butable  to  the  desirable  characteristics  which  are 
possessed  by  these  polymeric  compositions  of  mat- 
ter. 

The  particular  characteristics  of  the  thermoset 
polymer  dielectric  and  reinforcing  components 
which  go  to  make  up  the  circuit  boards  contribute  to 
the  efficiency  and  stability  of  the  final  electronic 
equipment  in  which  the  circuit  boards  are  used.  For 
example,  a  lowering  of  the  dielelectric  constant  in 
the  polymer  matrix  reduces  the  signal  delay  time  or 
"crosstalk"  and  line  capacitance.  This  results  in  a 
faster  PWB  circuitry  and  in  addition  provides  the 
potential  to  increase  the  number  of  functions  per 
board.  The  polymeric  matrix  of  the  present  invention 
possesses  a  lower  dielectric  constant  than  that 
which  is  possessed  by  thermosetting  polyimide  or 
epoxy  matrices  which  are  used  as  the  standards  by 
the  industry  for  electrical  laminates. 

Another  desirable  characteristic  of  a  polymer  ma- 
trix  for  use  in  circuit  boards  is  that  the  coefficient 
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ether,  m-phenylenediamine,  g-phenylenediamine, 
1  ,3-diaminocyclohexane,  1  ,4-diaminocyclohexane, 
substituted  1  ,2-aliphatic  diamines  such  as  diethyl- 
enetriamine,  triethylenetetramine,  tetraethylene- 

5  pentamine,  dipropyltriamine,  tripropyltetramine,  etc. 
The  polymer  is  then  subjected  to  a  cure  utilizing  a 

■graduated  curing  cycle  to  fully  react  the  material. 
The  curing  conditions  which  are  employed  will  in- 
clude  temperatures  ranging  from  150°  to  250°C  for 

10  a  period  of  time  which  may  range  from  1  to  40  hours 
or  more  in  duration.  For  example,  the  polymer  may 
be  cured  at  a  temperature  in  the  lower  end  of  the 
range  such  as,  for  example,  150°C  for  a  relatively 
long  period  of  time  such  as  10  to  24  hours,  a  shorter 

15  period  of  time  at  a  higher  temperature  followed  by  a 
still  shorter  period  of  time  at  a  temperature  in  the 
higher  portion  of  the  hereinbefore  set  forth  range. 
At  the  end  of  the  predetermined  cure  period,  the 
cross-linked  terpolymer  is  then  recovered,  and  is 

20  suitable  for  use  in  dielectric  coatings  or  as  a  lami- 
nate  in  a  circuit  board. 

It  is  also  contemplated  within  the  scope  of  this  in- 
vention  that  the  terpolymer  may  be  prepared  in  a 
continuous  manner  of  operation.  When  this  type  of 

25  operation  is  used,  the  predetermined  amounts  of  the 
three  components  of  the  mixture  are  continuously 
charged  to  a  reaction  zone  which  is  maintained  at 
the  proper  operating  conditions  of  temperature  and 
pressure  along  with  a  solvent  and  free  radical  initia- 

30  tor.  Those  skilled  in  the  art  will  recognize  that  a  con- 
tinuous  reactant  charge  is  necessary,  with  amounts 
depending  on  the  individual  component  reactivity 
with  the  other  components,  to  provide  high  yield  of 
product  with  consistent  molecular  structure  and 

35  quality.  After  passage  through  this  reaction  zone, 
the  polymeric  mixture  resulting  therefrom  is  continu- 
ously  charged  to  a  second  reaction  zone  wherein  it 
is  contacted  with  a  cross-linking  agent  and  a  cata- 
lyst  of  the  type  previously  discussed.  After  con- 

40  tact  with  the  cross-linking  agent,  the  mixture  can  be 
coated  on  a  suitable  reinforcement  and  continuous- 
ly  charged  to  a  curing  zone  wherein  it  is  subjected 
to  a  partial  cure  by  passage  through  this  zone  which 
is  maintained  at  varying  operating  temperatures  for 

45  a  predetermined  period  of  time.  After  passage 
through  the  zone,  the  resulting  B-stage  or  prepreg 
material  is  continuously  withdrawn  and  passed  to 
storage.  The  prepreg  can  then  be  laid  up  as  sheets 
with  or  without  copper  foil  as  an  electrical  or  thermal 

50  conductor  and  further  cross-linked  to  a  fully  cured 
state. 

Examples  of  high  temperature  thermoset  terpoly- 
mers  according  to  this  invention  will  include  mixtures 
of  styrene,  acenaphthylene  and  glycidyl  methac- 

55  rylate  cross-linked  with  dicyandiamide;  p_-bromosty- 
rene,  acenaphthylene  and  glycidyl  methacrylate 
cross-linked  with  dicyandiamide;  p.-chlorostyrene, 
acenaphthylene  and  glycidyl  methacrylate  cross- 
linked  with  dicyandiamide;  styrene,  acenaphthylene 

60  and  glycidyl  methacrylate  cross-linked  with  methyl- 
ene  dianiline;  ja-bromo  styrene,  acenaphthylene  and 
glycidyl  methacrylate  cross-linked  with  methylene 
dianiline;  rj-chiorostyrene,  acenaphthylene  and  gly- 
cidyl  methacrylate  cross-linked  with  methylene  di- 

65  aniline;  styrene,  acenaphthylene  and  glycidyl  meth- 

ture  thermoset  terpolymers.  The  terpolymers  will 
comprise  a  mixture  of  an  alpha-substituted  olefin, 
an  alpha,beta-disubstituted  olefin  and  a  dual  func- 
tion  monomer.  Said  mixture  can  be  cross-linked  or 
cured  by  treatment  with  a  cross-linking  agent  com- 
prising  a  multifunctional  primary  or  secondary 
amine.  By  utilizing  such  an  amine  which  is  in  a  low  mo- 
lecular  weight  compound,  it  is  possible  to  obtain  a 
solid  composition  of  matter  which  is  useful  in  elec- 
tronic  circuitry,  said  solid  matrix  possessing  a  rela- 
tively  low  dielectric  constant. 

Some  examples  of  alpha-substituted  olefins  which 
may  be  employed  as  one  component  of  the  composi- 
tion  of  matter  of  the  present  invention  will  include 
styrene,  halo-substituted  styrenes  such  as  o-chlo- 
rosytrene,  m.-chlorostyrene,  rj-chlorostyrene,  o- 
bromostyrene,  m,-bromostyrene,  p_-bromostyrene, 
o-iodostyrene,  m-iodostyrene,  ja-iodostyrene,  vi- 
nylnaphthalene,  etc.  In  the  preferred  embodiment  of 
the  invention  the  second  component  of  the  compos- 
ite  comprises  an  alpha.beta-disubstituted  olefin 
such  as  acenaphthylene,  indene,  N-phenylmaleim- 
ide,  etc.  The  third  comgonent  of  the  composite  will 
comprise  a  dual  function  monomer  which,  again  in 
the  preferred  embodiment  of  the  invention,  compris- 
es  glycidyl  acrylate,  glycidyl  methacrylate,  etc.  It  is 
to  be  understood  that  the  aforementioned  alpha- 
substituted  olefins,  alpha,beta-disubstituted  olefins 
and  dual  functional  monomers  are  only  representa- 
tive  of  the  class  of  compounds  which  may  be  em- 
ployed  to  form  the  desired  terpolymer,  and  that  the 
present  invention  is  not  necessarily  limited  thereto. 

The  desired  high  temperature  thermoset  terpoly- 
mer  may  be  prepared  in  any  suitable  manner  of  oper- 
ation  including  both  a  continuous  and  a  batch  type 
operation.  For  example,  when  a  batch  type  opera- 
tion  is  employed,  the  desired  three  components  of 
the  terpolymer  comprising,  as  hereinbefore  set 
forth,  an  alpha-substituted  olefin,  an  alpha.beta- 
disubstituted  olefin  and  a  dual  function  monomer  are 
placed  in  an  appropriate  apparatus  along  with  a  sol- 
vent  and  a  free  radical  initiator  such  as  2,2-azobi- 
sisobutyronitrile,  benzoyl  peroxide,  etc.  The  three 
components  of  the  mixture  may  be  present  in  the  re- 
action  mixture  in  an  amount  of  from  20  to  60  mole 
percent  of  alpha-substituted  olefin,  from  20  to  75 
mole  percent  of  alpha,beta-disubstituted  olefin  and 
from  5  to  40  mole  percent  of  the  dual  function  mono- 
mer.  After  admixing  the  three  components  of  the  mix- 
ture  at  mixing  conditions  which,  in  the  preferred  em- 
bodiment  of  the  invention,  comprise  reaction  tem- 
peratures  ranging  from  ambient  (20-25°C)  to  100°C 
and  subatmospheric  pressures  ranging  from  1  to  10 
mm  Hg.  (133  to  1333  Pascals),  the  resulting  admix- 
ture  is  recovered.  The  polymer  can  then  be  cross- 
linked  by  the  addition  of  a  cross-linking  agent  com- 
prising  a  multifunctional  primary  or  secondary  amine 
in  the  presence  of  a  tertiary  amine  catalyst  such  as 
benzyldimethylamine,  benzyldiethylamine,  benzyl- 
dipropylamine,  methyldibenzylamine,  ethyl  diben- 
zylamine,  2-methylimidazole,  etc.  Some  examples  of 
these  cross-linking  agents  which  also  may  be  em- 
ployed  will  include  multifunctional  primary  or  second- 
ary  amines  such  as  dicyandiamide,  methylene  di- 
aniline,  diaminodiphenyi  sulfone,  diaminodiphenyl 
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acrylate  cross-linked  with  diaminodiphenyl  sulfone; 
ja-bromostyrene,  acenaphthylene  and  glycidyl  meth- 
acrylate  cross-linked  with  diaminodiphenyl  sulfone; 
p_-chlorostyrene,  acenaphthylene  and  glycidyl  meth- 
acrylate  cross-linked  with  diaminodiphenyl  sulfone; 
styrene,  acenaphthylene  and  glycidyl  methacrylate 
cross-linked  with  diaminodiphenyl  ether;  p_-bromo- 
styrene,  acenaphthylene  and  glycidyl  methacrylate 
cross-linked  with  diaminodiphenyl  ether;  fi-chloro- 
styrene,  acenaphthylene  and  glycidyl  methacrylate 
cross-linked  with  diaminophenyl  ether;  styrene,  in- 
dene  and  glycidyl  methacrylate  cross-linked  with  di- 
cyandiamide;  styrene,  indene  and  glycidyl  methac- 
rylate  cross-linked  with  methylene  dianiline;  sty- 
rene,  indene  and  glycidyl  methacrylate  cross-linked 
with  diaminodiphenyl  sulfone;  styrene,  indene  and 
glycidyl  methacrylate  cross-linked  with  diamino- 
diphenyl  ether;  styrene,  acenaphthylene,  glycidyl 
acrylate  cross-linked  with  dicyandiamide;  styrene, 
acenaphthylene,  glycidyl  acrylate  cross-linked  with 
methylene  dianiline;  styrene,  acenaphthylene,  gly- 
cidyl  acrylate  cross-linked  with  diaminodiphenyl  sul- 
fone;  styrene,  acenaphthylene,  glycidyl  acrylate 
cross-linked  with  diaminodiphenyl  ether;  p.-bromo- 
styrene,  acenaphthylene  and  glycidyl  acrylate 
cross-linked  with  dicyandiamide,  p.-bromostyrene, 
acenaphthylene  and  glycidyl  acrylate  cross-linked 
with  methylene  dianiline,  fi-bromostyrene,  acenaph- 
thylene  and  glycidyl  acrylate  cross-linked  with 
diaminodiphenyl  sulfone;  ja-bromostyrene,  acenaph- 
thylene  and  glycidyl  acrylate  cross-linked  with 
diaminodiphenyl  ether;  etc.  It  is  to  be  understood 
that  the  aforementioned  terpolymers  are  only  repre- 
sentative  of  the  class  of  high  temperature  thermo- 
set  terpolymers  of  the  present  invention  and  that 
said  invention  is  not  necessarily  limited  thereto. 

The  following  examples  are  given  for  purposes  of 
illustrating  terpolymers  of  the  present  invention  and 
to  a  method  for  the  preparation  thereof. 

EXAMPLE  I 

To  a  vacuum  flask  was  added  20.0  grams  (0.192 
mole)  of  styrene,  11.7  grams  (0.077  mole)  of 
acenaphthylene,  and  8.3  grams  (0.058  mole)  of  gly- 
cidyl  methacrylate.  Prior  to  placing  the  three  compo- 
nents  of  the  polymer  in  the  vacuum  flask,  they  were 
purified  by  either  vacuum  distillation  (after  extrac- 
tion  of  inhibitor)  or  recrystallization.  In  addition,  30 
cc  of  a  solvent  comprising  toluene  and  0.06  grams 
(0.15  wt.  %  based  on  monomer  content)  of  a  free 
radical  initiator  comprising  2,2-azobisisobutyroni- 
trile  were  also  placed  in  the  flask.  The  flask  was 
evacuated  to  1  mm  of  mercury  (133  Pascals)  and 
sealed.  Following  this  the  flask  was  heated  to  a  tem- 
perature  of  90°C  and  maintained  thereat  for  a  peri- 
od  of  24  hours.  At  the  end  of  this  time  the  resulting 
polymer  was  recovered  and  purified  by  reprecipita- 
tion  from  hexane.  After  recovery  the  polymer  was 
dried  and  recovered.  Elemental  analysis  on  the  re- 
covered  product  indicated  85.84%  C,  6.59%  H  and 
6.61%  O.  Epoxide  equivalent  weight  (HBr  titration) 
was  643  gram  per  mole  epoxide.  Number-average 
molecular  weight  was  36,100  and  weight-average 
molecular  weight  was  84,500  for  the  recovered  po- 

lymers.  Differential  scanning  calorimetry  revealed 
a  glass  transition  temperature  of  154°C  for  the  re- 
covered  product. 

The  polymer  (20  g)  in  the  form  of  a  solid  powder 
5  was  then  placed  in  a  second  flask  along  with  70  cc 

of  a  solvent  comprising  N,N-dimethylformamide, 
0.30  -grams  of  a  tertiary  amine  catalyst  comprising 
benzyldimethylamine  and  0.52  g  of  a  cross-linking 
agent  comprising  dicyandiamide  (epoxide/amine  H  = 

10  1.25/1).  The  resin  solution  was  coated  on  glass  cloth 
reinforcement  and  cured  using  a  graduated  cure  cy- 
cle  which  included  80  minutes  at  170°C  and  30-45" 
minutes  at  200°C.  The  final  cross-linked  product 
had  a  gross  transition  temperature  (Tg)  of  205°C. 

15  Further  testing  of  this  cross-linked  polymer  without 
glass  cloth  reinforcement  showed  a  thermal  mechan- 
ical  analysis  (TMA)  softening  point  of  237°C,  ther- 
mal  expansivity  (30-260°C)  of  54  ppm  per  °C 
(linear),  dielectric  constant  of  2.82  and  dissipation 

20  factor  of  0.007  at  1  MHZ. 

EXAMPLE  II 

A  second  polymer  was  prepared  by  varying  the 
25  amounts  of  acenaphthylene  and  glycidyl  methac- 

ryiate.  This  polymer  was  prepared  by  purifying  the 
three  components  as  mentioned  in  Example  1  and 
thereafter  adding  20.0  grams  (0.192  mole)  of  sty- 
rene,  14.2  grams  (0.093  mole)  of  acenaphthylene 

30  and  14.9  grams  (0.105  mole)  of  glycidyl  methacrylate 
to  a  vacuum  flask  in  the  presence  of  30  cc  of  tolu- 
ene  and  0.07  grams  of  2,2-azobisisobutyronitrile. 
The  mixture  was  treated  in  the  vacuum  flask  in  a 
manner  similar  to  that  set  forth  in  Example  I  above. 

35  Elemental  analysis  on  the  recovered  product  indi- 
cated  83.40%  C,  6.67%  H  and  8.71%  O.  Epoxide 
equivalent  weight  (HBr  titration)  was  493  g  resin 
per  mole  epoxide.  Number-average  molecular 
weight  was  50,800  and  weight-average  molecular 

40  weight  was  123,500  for  the  recovered  polymer.  Dif- 
ferential  scanning  calorimetry  revealed  a  Tg  of 
145°C  for  the  recovered  polymer.  After  recovering 
the  polymer,  it  was  cross-linked  by  treatment  with  a 
cross-linking  agent  comprising  dicyandiamide  and  a 

45  catalyst  comprising  benzyldimethylamine  and  also  in 
a  manner  similar  to  that  set  forth  above.  The  recov- 
ered  cross-linked  thermoset  material  exhibited  a  Tg 
of  218°C.  Thermal  mechanical  analysis  of  the  cross- 
linked  polymer  without  reinforcement  matrix  indicat- 

50  ed  a  softening  point  of  202°C  (thermal  expansivity 
of  51  ppm  per  °C  (linear))  and  a  dielectric  constant 
of  3.08  and  dissipation  factor  of  0.01  1  at  1  MHZ. 

EXAMPLE  III 
55 

In  this  example,  70.0  grams  (0.380  mole)  of  p.-bro- 
mostyrene,  24.0  grams  (0.160  mole)  of  acenaphthyl- 
ene  and  9.0  grams  (0.060  mole)  of  glycidyl  methac- 
rylate  after  purification  were  placed  in  a  vacuum 

60  flask  along  with  300  cc  of  toluene  and  0.20  grams  of 
a  free  radical  initiator  comprising  2,2-azobisisobu- 
tyronitrile.  The  contents  of  the  flask  were  evacuat- 
ed  to  1mm  Hg  (133  Pascals)  and  thereafter  the  flask 
was  heated  at  a  temperature  of  90°C  for  a  period  of 

65  24  hours.  At  the  end  of  this  period  heating  was  dis- 



EP  0  212  294  B1 

4.  A  thermoset  terpolymer  according  to  Claim  3 
characterised  in  that  said  low  molecular  weight  multi- 
functional  amine  is  dicyandiamide,  methylene  di- 
aniline,  or  diaminodiphenyl  sulfone. 

5  5.  A  thermoset  terpolymer  according  to  Claim  4 
characterised  in  that  said  terpolymer  comprises  a 

-mixture  of  -styrene,  acenaphthylene  and  glycidyl 
methacrylate  cross-linked  with  dicyandiamide. 

6.  A  thermoset  terpolymer  according  to  Claim  4 
10  characterised  in  that  said  terpolymer  comprises  a 

mixture  of  e-bromostyrene,  acenaphthylene  and 
glycidyl  methacrylate  cross-linked  with  dicyandi- 
amide. 

7.  A  thermoset  terpolymer  according  to  Claim  4 
15  characterised  in  that  said  terpolymer  comprises  a 

mixture  of  styrene,  indene  and  glycidyl  methacrylate 
cross-linked  with  dicyandiamide. 

8.  A  thermoset  terpolymer  according  to  Claim  4 
characterised  in  that  said  terpolymer  comprises  a 

20  mixture  of  Q-chlorostyrene,  acenaphthylene  and 
glycidyl  acrylate  cross-linked  with  methylene  di- 
aniline. 

9.  A  thermoset  terpolymer  according  to  Claim  4 
characterised  in  that  said  terpolymer  comprises  a 

25  mixture  of  o-chlorostyrene,  indene  and  glycidyl 
methacrylate  cross-linked  with  diaminodiphenyl  sul- 
fone. 

continued  and  after  the  flask  was  returned  to  room 
temperature  and  atmospheric  pressure,  the  result- 
ing  polymer  was  recovered  and  reprecipitated  from 
hexane. 

After  separation  from  the  hexane  and  drying,  the 
solid  powder  (1  0.0  grams)  was  then  placed  in  a  sec- 
ond  flask  along  with  0.090  grams  of  a  cross-linking 
agent  comprising  dicyandiamide  and  0.30  grams  of  a 
tertiary  amine  catalyst  comprising  benzyldimethyl- 
amine,  and  50  cc  of  a  solvent  comprising  N,N- 
dimethylformamide.  The  polymer  solution  was 
poured  into  a  mold  and  subjected  to  a  cure  cycle 
which  comprised  80  minutes  at  170°C,  and  2  hours  at 
200°C. 

The  resulting  cross-linked  thermoset  terpolymer 
in  the  form  of  a  resin  casting  was  found  to  have  a  di- 
electric  constant  of  2.75  and  a  dissipation  factor  of 
0.014  at  1MHZ.  In  addition,  differential  scanning  ca- 
lorimetry  showed  a  Tg  of  169°C  for  the  polymer  prior 
to  cross-linking  and  a  Tg  of  209°C  subsequent  to 
cross-linking. 

EXAMPLE  IV 

In  a  like  manner  other  thermoset  terpolymers 
were  prepared  by  admixing  alpha-substituted  ole- 
fins  such  as  o-chlorostyrene,  fi-chlorostyrene,  o- 
bromostyrene  or  vinylnaphthylene  with  an  al- 
pha.beta-disubstituted  olefin  such  as  indene  and  a 
dual  function  monomer  such  as  glycidyl  methac- 
rylate  in  the  presence  of  a  free  radical  initiator 
such  as  benzoyl  peroxide  under  vacuum  followed  by 
cross-linking  with  a  cross-linking  agent  such  as 
methylene  dianiline,  diaminodiphenyl  sulfone,  diamin- 
odiphenyl  ether  in  the  presence  of  a  catalyst  and  a 
solvent  such  as  N,N-dimethylformamide  at  elevated 
temperatures  and  for  a  period  of  time  similar  to  that 
set  forth  in  the  above  examples  to  form  a  high  tem- 
perature  thermoset  terpolymer  which  may  be  used  in 
the  electronic  or  electrical  industry. 

Claims 

1.  A  terpolymer  comprising  an  alpha-substituted 
olefin,  an  alpha,  beta-disubstituted  olefin  and  a  dual 
function  monomer  wherein  said  alpha-substituted 
olefin  is  selected  from  styrene,  o-chlorostyrene,  p.- 
chlorostyrene,  o-bromostyrene,  fi-bromostyrene, 
o-iodostyrene,  rn-iodostyrene,  p_-iodostyrene  and 
vinylnaphthylene,  wherein  said  alpha,  beta-disubsti- 
tuted  olefin  is  selected  from  acenaphthylene,  in- 
dene  and  N-phenylmaleimide,  and  wherein  said  dual 
function  monomer  is  selected  from  glycidyl  acrylate 
and  glycidyl  methacrylate. 

2.  A  terpolymer  according  to  Claim  1  character- 
ised  in  that  said  terpolymer  contains  20  to  60  mole 
percent  of  alpha-substituted  olefin,  20  to  75  mole 
percent  of  alpha,  beta-disubstituted  olefin  and  5  to 
25  mole  percent  of  a  dual  function  monomer. 

3.  A  terpolymer  according  to  Claim  1  or  2  charac- 
terised  in  that  the  said  terpolymer  has  been  thermo- 
set  by  cross-linking  with  a  cross-linking  agent 
which  comprises  a  low  molecular  weight  multi-func- 
tional  amine. 

30  Patentanspruche 

1.  Terpolymer,  enthaltend  ein  alpha-substituiertes 
Olefin,  ein  alpha-beta-disubstituiertes  Olefin  und 
ein  zweifach  funktionelles  Monomer,  worin  das  al- 

35  pha-substituierte  Olefin  aus  Styrol,  o-Chlorstyrol, 
p-Chlorstyrol,  o-Bromstyrol,  p-Bromstyrol,  o-lod- 
styrol,  m-lodstyrol,  p-lodstyrol  und  Vinylnaphthy- 
len,  das  alpha-beta-disubstituierte  Olefin  aus 
Acenaphthylen,  Inden  und  N-Phenylmaleimid  und 

40  das  zweifach  funktionelle  Monomer  aus  Glyci- 
dylacrylat  und  Glycidylmethacrylat  ausgewahlt  sind. 

2.  Terpolymer  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daB  das  Terpolymer  20  bis  60  Mol-%  ei- 
nes  alpha-substituierten  Olefins,  20  bis  75  Mol-% 

45  eines  alpha-beta-disubstituierten  Olefins  und  5  bis 
25  Mol-%  eines  zweifach  funktionellen  Monomers 
enthalt. 

3.  Terpolymer  nach  Anspruch  1  oder  2,  dadurch 
gekennzeichnet,  daB  das  Terpolymer  durch  Vernet- 

50  zen  mit  einem  Vernetzungsmittel,  welches  ein  nie- 
dermolekulargewichtiges  multifunktionelies  Amin 
enthalt,  hitzehartbar  geworden  ist. 

4.  Hitzehartbares  Terpolymer  nach  Anspruch  3, 
dadurch  gekennzeichnet,  daB  das  niedermolekular- 

55  gewichtige  multifunktionelle  Amin  Dicyandiamid,  Me- 
thylendianilin  oder  Diaminodiphenylsulfon  ist. 

5.  Hitzehartbares  Terpolymer  nach  Anspruch  4, 
dadurch  gekennzeichnet,  daB  das  Terpolymer  eine 
mit  Dicyandiamid  vernetzte  Mischung  aus  Styrol, 

60  Acenaphthylen  und  Glycidylmethacrylat  enthalt. 
6.  Hitzehartbares  Terpolymer  nach  Anspruch  4, 

dadurch  gekennzeichnet,  daB  das  Terpolymer  eine 
mit  Dicyandiamid  vernetzte  Mischung  aus  p-Brom- 
styrol,  Acenaphthylen  und  Glycidylmethacrylat  ent- 

65  halt. 
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9  -  Terpolymere  thermodurci  suivant  la  revendi- 
cation  4,  caracterise  en  ce  que  ce  terpolymere  com- 
prend  un  melange  d'o-chlorostyrene,  d'indene  et  de 
methacrylate  de  glycidyle  reticule  avec  de  la  diami- 
nodiphenylsulfone. 

7.  Hitzehartbares  Terpolymer  nach  Anspruch  4, 
dadurch  gekennzeichnet,  daB  das  Terpolymer  eine 
mit  Dicyandiamid  vernetzte  Mischung  aus  Styrol, 
Inden  und  Glycidylmethacrylat  enthalt. 

8.  Hitzehartbares  Terpolymer  nach  Anspruch  4,  5 
dadurch  gekennzeichnet,  daB  das  Terpolymer  eine 
mit  Methylendianilin  vernetzte  Mischung  aus  p- 
Chlorstyrol,  Acenaphthylen  und  Glycidylacrylat 
enthalt. 

9.  Hitzehartbares  Terpolymer  nach  Anspruch  4,  10 
dadurch  gekennzeichnet,  daB  das  Terpolymer  eine 
mit  Diaminodiphenylsulfon  vernetzte  Mischung  aus 
o-Chlorstyrol,  Inden  und  Glycidylmethacrylat  ent- 
halt. 

15 

Revendications 

1  -  Terpolymere  comprenant  une  define  a-substi- 
tuee,  une  define  a,  p-disubstituee  et  un  monomere  20 
a  double  fonction,  dans  lequel  cette  define  a-subs- 
tituee  est  choisie  parmi  le  styrene,  I'o-chlorostyre- 
ne,  le  p-chlorostyrene,  I'o-bromostyrene,  le  p-bro- 
mostyrene,  I'o-iodostyrene,  le  m-iodostyrene,  le  p- 
iodostyrene  et  le  vinylnaphtalene,  dans  lequel  cette  25 
oleiine  a,  p-disubstituee  est  choisie  parmi  I'ace- 
naphtylene,  1'indene  et  le  N-phenylmaleimide,  et 
dans  lequel  ce  monomere  a  double  fonction  est  choi- 
si  parmi  I'acrylate  de  glycidyle  et  le  methacrylate  de 
glycidyle.  30 

2  -  Terpolymere  suivant  la  revendication  1  ,  carac- 
terise  en  ce  que  ce  terpolymere  contient  20  a  60  mo- 
les  %  d'olefine  a-substituee,  20  a  75  moles  %  d'ol§- 
fine  a,  p-disubstituee  et  5  a  25  moles  %  d'un  mono- 
mere  a  double  fonction.  35 

3  -  Terpolymere  suivant  les  revendications  1  ou 
2,  caracterise  en  ce  que  ce  terpolymere  a  ete  ther- 
modurci  par  reticulation  avec  un  agent  de  reticula- 
tion  qui  comprend  une  amine  multifonctionnelle  de 
faible  masse  moleculaire.  40 

4  -  Terpolymere  thermodurci  suivant  la  revendi- 
cation  3,  caracterise  en  ce  que  cette  amine  multi- 
fonctionnelle  de  faible  masse  moleculaire  est  le 
dicyandiamide,  la  methylene  dianiline  ou  la  diamino- 
diph6nyl  sulfone.  45 

5  -  Terpolymere  thermodurci  suivant  la  revendi- 
cation  4,  caracterise  en  ce  que  ce  terpolymere  com- 
prend  un  melange  de  styrene,  d'acSnaphtylene  et  de 
methacrylate  de  glycidyle  reticule  avec  du  dicyan- 
diamide.  50 

6  -  Terpolymere  thermodurci  suivant  la  revendi- 
cation  4,  caracterise  en  ce  que  ce  terpolymere  com- 
prend  un  melange  de  p-bromostyrene,  d'acenaphty- 
lene  et  de  methacrylate  de  glycidyle  reticule  avec 
du  dicyandiamide.  55 

7  -  Terpolymere  thermodurci  suivant  la  revendi- 
cation  4,  caracterise  en  ce  que  ce  terpolymere  com- 
prend  un  melange  de  styrene,  d'indene  et  de  meth- 
acrylate  de  glycidyle  reticule  avec  du  dicyandiami- 
de.  60 

8  -  Terpolymere  thermodurci  suivant  la  revendi- 
cation  4,  caracterise  en  ce  que  ce  terpolymere  com- 
prend  un  melange  de  p-chlorostyrene,  d'acenaphty- 
lene  et  d'acrylate  de  glycidyle  reticule  avec  de  la 
methylene  dianiline.  65 
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