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Biphenylene End-Capped Polyaromatics 

J.K. Stille and J.P. Droske 

Department of Chemistry 
Colorado State University 
Fort Collins, Colorado 80523 

V ABSTRACT 

Biphenylene end-capped polyquinoline pre-pa lymers ( s = 3 , 1 1  
and 22) were melt processed in the presence of a nickel catalyst 
at 325-340°C under 500 psi to give high quality transparent films. 
Very short cure times ( - 5  min) were realized, and the resulting 
films were insoluble, had increased Tg's, and showed improved 
mechanical properties both above and below the Tg as compared 
with the uncured resins. The main curing reaction is a chain 
extension by the conversion of the biphenylene ends to tetra- 
benzocyclooctatetraene, while a smaller amount of crosslinking 
takes p 1 ace. Biphenylene end-capped polyimide, poly(keto-ether- 
sulfone) and po lyphenylqu inoxal ine pre-pa lymers also were 
synthesized. The polyimide pre-polymer (OP=3) was melt processed 
at 325°C and 500 psi (Ni catalyst) for 15 min to give films that 
showed good mechanical properties. Friedel Crafts polymerization 
to yield the biphenylene end-capped poly( keto-ether-sulfone) 
could not be adequately controlled to give reproducible oligomers. 
Po lyphenylqu i noxal ine pre-polymers were s i mi 1 arly me1 t processed 
to give insoluble films with good mechanical properties. 
Graphite reinforced composites were prepared from biphenylene 
end-capped polyquinoline and polyimide pre-polymers. The 
composites showed excellent initial properties and low weight 
l o s s  after oxidative aging at 316°C. However, the mechanical 
properties were severely diminished after aging for 50-100 h at 
316°C in air. 

INTRODUCTION 

One approach to the problem of obtaining an easily process- 
able polymer with a high end use temperature is to cross-link the 
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914 STILLE AND DROSKE 

polymer after its fabrication. Because o f  the chemically inert 
structure and reduced chain mobility of polyaromatics, there are 
few good crosslinking reactions for them. In an effort to 
develop a high performance engineering plastic or a matrix resin 
for fiber reinforced composites, we utilized a thermal chain 
extension cross-linking reaction that depended on the ring 
opening of biphenylene (lll. This reaction has several 
distinct advantages: First, the reaction takes place without the 
evolution o f  volatiles. Second, the reaction produces a thermal- 
ly stable link by dimerizing to t e t r a b e n z o c y c l o o c t a t e t r a e n e  
and by reaction with the main chain o f  the polyaromatics to 
generate an aryl-aryl link. Third, some control of t h e  
temperature can be exercised over the curing reaction. 

At about 350"C, biphenylene undergoes a ring opening to 
y i e 1 d m a i n 1 y t e t r a b e n zocyc 1 ooc t ate t r aene ( 2  ) and some po 1 ymer . 
When the reaction is carried out in the presence o f  2,4-diphenyl- 
quinoline, small amounts o f  biphenyl-substituted quinolines 
( 3 )  in addition to 2 are obtained. The catalytic thermo- 
lysis of biphenylene containing small amounts o f  norbornadiene 
r hod i um c h 1 or i de d i mer or b i s ( trip henylphosphine Idicarbonyl - 
nickel, takes place nearly 150°C lower, at 200°C. 

m- 
1 

- - 

Ph Ph 

3 

Thus, this reaction appeared to meet the criteria for cross- 
linking aromatic polymers. 
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BIPHENYLENE END-CAPPED POLYAROMATICS 915 

A number of polymers, including polyquinolines, polyamides, 
polyquinoxal ines and polybenzimidazoles, contain i n g b i p heny 1 en e 
units i n  the main chain have been synthesized. These polymers 
undergo thermal crosslinking reactions the biphenylene 
ring-opening reaction either with or without a transition metal 
catalyst.2-6 Polyaromatics also have been crosslinked with bis- 
biphenylene cross1 inking agents, that contained structures 
connecting the biphenylene units that mimicked the po ymer to be 
c r ~ s s l i n k e d . ~  In all of these curing reactions, although the 
reaction is faster and the curing temperature can be lowered in 
the presence o f  catalysts, no curing takes place be ow the glass 
tr an s i t ion temper at ure . 

RESULTS AND DISCUSSION 

Biphenylene End-Capped Polyquinol ines. 
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916 STILLE AND DROSKE 

B e c a u s e  o f  t h e  g o o d  s o l u b i l i t y  o f  f l e x i b l e ,  oxygen- l inked 

p o l y q u i n o l i n e s  i n  c h l o r o f o r m  and  t h e i r  r e l a t i v e l y  l o w  T g ' s ,  

0 1  i gomers  o f  t h i s  polymer capped w i t h  b iphenylene,  were prepared8 

accord ing t o  t h e  r e l a t i o n s h i p  D P = l + r / l + r - 2 r p ,  w h e r e  r = m o  l e s  o f  

k e t o m e t h y l e n e  m o n o m e r l a m i n o k e t o n e  monomer and p=extent  o f  t h e  

r e a c t i o n  ( T a b l e  1 ) .  The o l i g o m e r s  b e f o r e  p rocess ing  showed 

g lass  t r a n s i t i o n  temperatures c o n s i s t e n t  w i  t h t h e  r e  1 a t  i o n s  h i  p 

Tg=Too -k/Mn , ( k - 2 . 5 ~ 1 0 ~ ) .  

The r e s i n s  (4) c o n t a i n i n g  a n i c k e l  c a t a l y s t  c o u l d  be 

m e l t  pressed i n t o  t h i n  f i l m s  a t  340°C u n d e r  5 0 0  p s i  f o r  1 5  

m i n u t e s .  A f t e r  t h i s  r e l a t i v e l y  s h o r t  p r o c e s s i n g  t ime, t h e  

exo the rm c h a r a c t e r i s t i c  o f  t h e  r i n g - o p e n i n g  r e a c t i o n  h a d  

d i s a p p e a r e d  ( F i g .  11, and  a l l  f i l m s  were i n s o l u b l e .  Young's 

m o d u l u s  a b o v e  Tg  h a d  i n c r e a s e d  by an o r d e r  o f  magnitude. The 

T g ' s  o f  t h e  c u r e d  p o l y m e r s  w e r e  a l l  r e l a t i v e l y  t h e  same 

( 2 3 4 - 2 4 3 ° C )  as w e r e  t h e  m e c h a n i c a l  p r o p e r t i e s  ( E ' = 2 . 8 ~ 1 0 ~ ~  

d y n l c m 2  a t  25°C a n d  1 - 2 x 1 0 8  dyn/cm2 above Tg). Th i s  suggests 

t h a t  t h e  cha in  e x t e n t i o n  r e a c t i o n  b y  c o n v e r s i o n  o f  b i p h e n y l e n e  

en ds  t o  t e t r a  b e n  z o c  y c  1 o o c  t a t e  t raene 1 i n k s  proceeds u n t i  1 t h e  

d i f f e r e n t  o l igomers a l l  reach about t h e  same mo lecu la r  w e i g h t ,  a t  

w h i c h  p o i n t  f u r t h e r  chain ex tens ion  r e a c t i o n s  by t h i s  mode s top  

due t o  t h e  i n a c c e s s i b i l i t y  and reduced c o l l i s i o n  f requency o f  t h e  

b i p h e n y l e n e  e n d s .  T h e r e a f t e r  some c r o s s - l i n k i n g  occurs by 

r e a c t i o n  o f  b iphenylene u n i t s  w i t h  t h e  a r o m a t i c  u n i t s  i n  t h e  

polymer main chains.  

B i p h e n y l  e n e  End-Capped Poly imides,  P o l y ( k e t o - e t h e r  s u l f o n e l s  and 

Po 1 yqu i nox a 1 i nes .9 

P h e n y l  e n d - c a p p e d  po ly im ides  o f  DP=3 and 11, were prepared 

f rom 3,3',4,4'-benzophenonetetracarboxyl i c  d i a n h y d r i d e ,  4 , 4 '  - 
d i a m i n o d i p h e n y l  e t h e r  and  a n i l i n e  i n  t h e  a p p r o p r i a t e  r a t i o s .  

Oligomers o f  DP=3 showed f a r  s u p e r i o r  m e l t  f l o w  p r o p e r t i e s  a t  

325°C and  5 0 0  p s i .  Thus, a b iphenylene end-capped pre-polymer 

( 5 )  was s i m i l a r l y  p r e p a r e d ,  e x c e p t  t h a t  2-amino-biphenylene 

was used as the  end cap. 
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918 STILLE AND DROSKE 

5 

O l i g o m e r i c  i m i d e  5 ,  m e l t  p r o c e s s e d  a t  325°C under 500 

p s i  f o r  1 5  min i n  t h e  presence o f  a n i c k e l ( 0 )  c a t a l y s t  g a v e  a 

f i l m  w i t h  T g = 2 6 1 a C ,  86°C h i g h e r  t h a n  t h e  phenyl end-capped 

po ly im ide  o f  DP=3. A l t h o u g h  Y o u n g ' s  m o d u l u s  m e a s u r e d  as a 

f u n c t i o n  o f  t e m p e r t u r e  showed  t h a t  t h e  cured f i l m  ma in ta ined  

mechanical p r o p e r t i e s  above Tg, t h e  f i l m  q u a l i t y  i n d i c a t e d  some 

r e s t r i c t e d  f l o w  d u r i n g  m e l t  process ing.  

Poly(keto-ether-sulfonels pre-polymers ( c a l c u  1 a t e d  DP=11,  

2 2 ,  6) w e r e  o b t a i n e d  f r o m  i s o p h t h a l o y l  c h l o r i d e  and 4,4 ' -  

d i p h e n o x y s u l f o n e  ( e x c e s s )  u n d e r  F r i e d e l - C r a f t s  c o n d i t i o n s  

I 

I 

E X 0  

END0 

L I 
100 200 300 400 500 600 

Temperature, "C 

Figure 1. 
Processed in the Presence of Bis(tripheny1phosphine)dicarbonyl) 
nickel(0) for Various Times at 340°C under 500 psi 

Differential Scanning Calorimetry of 4 (E=11) Melt 
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BIPHENYLENE END-CAPPED POLYAROMATICS 919 

(methylene chloride, aluminum chloride) and then the isolated 
polymer was subjected to a Friedel-Crafts reaction with bi- 
phenylene 2-carboxylic acid chloride. GPC of both polymer 
samples revealed that they were actually polymers of about the 
same molecular weight 1Mn=15-20,000). The molecular weight could 
not be readily controlled, and melt pressed films had poor 
properties. 

6 

The polymerization of 4,4'-oxydibenzil and 3,3'-diamino- 
benzidine, with the tetraamine in excess, gave a pre-polymer 
which was phenyl end-capped by the addition of benzil to the 
polymerization mixture late in the reaction. The resulting 
polymer ( [ ?  ]inh = 0.52 dL/g, 0.5 percent solution, w/w, sulfuric 
acid), was melt processed at 325°C under 500 p s i  for 15 min to 
give a high quality, transparent film, confirming that the pre- 
polymer had a suitable DP for melt processing. 

A biphenylene end-capped polyphenylquinoxal i ne pre-po lymer 
( 7 )  was prepared similarly except 2-(phenylglyoxalyl)bi- 
phenylene was used as the end-cap. Pre-polymer 7 had an 
inherent viscosity o f  0.44 dL/g (0.5 percent solution (w/w), 
sulfuric acid). Differential scanning calorimetry of 7 
showed Tg = 267°C and an uncatalyzed ring opening exothermic 
maximum for the biphenylene end-group at 480°C. 

7 

Melt processing i n  the presence o f  a nickel catalyst at 
340°C under 500 psi for 15 rnin gave an insoluble film that showed 
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920 STILLE AND DROSKE 

an i n c r e a s e d  Tg r e l a t i v e  t o  u n c u r e d  7 ( T g  299°C and 267OC, 

r e s p e c t i v e l y ,  D S C ) .  H o w e v e r ,  t h e  f i l m  q u a l i t y  c l e a r l y  

d e m o n s t r a t e d  t h a t  r e s t r i c t e d  f l o w  was p resen t  d u r i n g  process ing.  

A h ighe r  q u a l i t y  f i l m  was o b t a i n e d  b y  e m p l o y i n g  a s t e p - w i s e  

p r o c e s s i n g  a p p r o a c h .  P r e - p o l y m e r  7 c o n t a i n i n g  t h e  N i ( 3 )  

c a t a l y s t  was i n t r o d u c e d  i n t o  a 225°C press, 500 p s i  was a p p l i e d ,  

t h e  t e m p e r a t u r e  was i n c r e a s e d  o v e r  1 5  m i n  t o  3 7 0 ° C ,  and  

ma in ta ined  a t  370OC f o r  15 min. The r e s u l t i n g  f i l m  was s u i t a b l e  

f o r  d y n a m i c  mechanical t e s t i n g  (Rheovibronl  which demonstrated a 

l i g h t  t o  moderate c r o s s l i n k  d e n s i t y  C E ' 2 5 O c  = 2.5 x 1O1O d y n l c m z ,  

E '  a b o v e  T~ = 7 . 2  X l o 7  dyn/cm2(measured a t  365"C), E,i',ax (Tg) 

= 268"CI. The degree o f  c r o s s l i n k i n g  was about t h e  same a s  t h a t  

o b s e r v e d  i n  c u r e d  p o l y m e r s  prepared f rom t h e  b iphenylene end- 

capped p o l y q u i n o l i n e  and po ly im ide  pre-polymers. 

Graph i te  F i b e r  Re in fo rced  CornpositeslO 

Un i d i r e c t  i onal  graph i t e  f i b e r - r  e i n f o r c e d c om p o s i t e s we r e 

p r e p  a r e d  f r o m  b i p h e n y l e n e  end-capped p o l y q u i n o l  i n e  pre-polymer 

4 ( D P = 2 2 )  c o n t a i n i n g  20 m o l e  % ( b a s e d  on  b i p h e n y l e n e )  

bis(triphenylphosphine)(dicarbonyl ) n i c k e l  (0). T h e  p r e - p r e g  was 

p r e p a r e d  b y  b r u s h  c o a t i n g  a c h l o r o f o r m  s o l u t i o n  o f  t h e  p r e -  

polymer and c a t a l y s t  on to  the  g r a p h i t e  f i b e r  r e i n f o r c e m e n t .  The  

p r e - p r e g  was l a i d - u p  i n  7 o r  8 s tacks  and m e l t  processed i n  a 1 
i n .  by  2.5 i n .  mold a t  330°C (625OF) under 1500 p s i  f o r  2 h o  r s .  

The c u r e d  c o m p o s i t e s  h a d  e x c e l  l e n t  r i n g  and reasonable room 

temperature f l e x  p r o p e r t i e s  b u t  o n l y  modest i n t e r  l a m i n a r  s h e a r  

s t r e n g t h  (Tab le  2). P o s t - c u r i n g  i nc reased  t h e  Tg b u t  a decrease 

i n  the  mechanical p r o p e r t i e s  a t  room t e m p e r a t u r e  was o b s e r v e d .  

H o w e v e r ,  improved p r o p e r t i e s  a t  316°C (600°F) were achieved as a 

r e s u l t  o f  t h e  h ighe r  Tg. 

I n  an e f f o r t  t o  i m p r o v e  t h e  p r e - p r e g g i n g  o f  pre-polymer 

4 ,  g r a p h i t e  c l o t h  was e m p l o y e d  i n  p l a c e  o f  u n i d i r e c t i o n a l  

g r a p h i t e  f i b e r .  Brush c o a t i n g  o f  a c h l o r o f o r m  s o l u t i o n  o f  p r e -  

p o l y m e r  4 o n t o  t h e  f i b e r  r e i n f o r c e m e n t  r e s t r a i n e d  on a l l  f o u r  

s ides  gave a boardy b u t  good q u a l i t y  pre-preg which showed m i n i u m  
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922 STILLE AND DROSKE 

shrinkage upon solvent removal. The Ni(0) catalyst was not used 
in the preparation o f  the cloth composites in order to determine 
if the catalyst had a deleterious effect on the composite 
properties. Since the uncatalyzed ring opening of biphenylene 
occurs at 4 O O 0 C ,  a higher cure temperature was required. The 
melt processing of 6-ply lay-ups was conducted at 388°C ( 7 3 0 ° F )  

under 2000 psi for 3 hours and gave composites which showed good 
flow as indicated by the presence of flash. The composites had 
good ring and appearance. The initial room temperature 
properties were comparable to the polyquinoline composites 
prepared with the Ni(0) catalyst considering that only half of 
the fibers are oriented in one direction in the cloth. 
Again, post -curing resulted in decreased mechanical properties, 
and thermoplastic breaks were observed in all samples. The 
thermoplastic (non-brittle) breaks were attributed to a low 
crosslink density and a flexible polymer backbone. 

Biphenylene end-capped polyimide pre-polymers were also used 
in the preparation of graphite f i ber-reinforced composites. 
Employing the PMR (polymerization o f  monomer reactants) approach, 
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STILLE AND DROSKE 924 

a m e t h a n o l  i c  s o l u t i o n  o f  4 ,4 ' -d iaminodiphenyl  e t h e r ,  2-aminobi- 

phenylene and t h e  d i m e t h y l e s t e r  o f  3,3',4,4'-benzophenone t e t r a -  

c a r b o x y l  i c  d i a n h y d r i d e  was b r u s h  c o a t e d  o n t o  u n i d i r e c t i o n a l  

Celion-6000@ g r a p h i t e  f i b e r .  The  r e s u l t a n t  p r e - p r e g  s h o w e d  

d e s i r a b l e  t a c k  and  d r a p e .  S t a g i n g  o f  9 - p l y  lay-ups a t  204°C 

(400°F) p e r m i t t e d  loss o f  v o l a t i l e s  p r i o r  t o  molding. C o m p o s i t e s  

w e r e  prepared by p rocess ing  a t  390°C (735°F) under 1500 p s i  f o r  3 

hours. These c o m p o s i t e s  showed  e x c e l  l e n t  r o o m  t e m p e r a t u r e  

p r o p e r t i e s .  T e s t i n g  a t  316°C (600°F) i n d i c a t e d  t h e r m o p l a s t i c  

breaks even a f t e r  p o s t - c u r i n g  (Tab le  4 1 ,  w h i c h  s u g g e s t e d  t h a t  

o n l y  a m o d e r a t e  degree o f  c r o s s l i n k i n g  had been r e a l i z e d .  As a 

c o n t r o l ,  a phenyl end-capped p o l y i m i d e  was p r e p a r e d  s i m i l a r l y ,  

e x c e p t  a n i l i n e  was u s e d  i n  p l a c e  o f  2-aminobiphenylene. The 

c o m p o s i t e  c l e a r l y  showed  i n f e r i o r  p r o p e r t i e s  c o m p a r e d  t o  

c o m p o s i t e s  p r e p a r e d  w i t h  b i p h e n y l e n e  e n d - c a p p e d  p o l y i m i d e  

pre-polymers. 

To i n c r e a s e  t h e  c r o s s l i n k  d e n s i t y ,  a t r i f u n c t i o n a l i z e d  

monomer was used as a branching s i t e .  The p re -p reg  was p r e p a r e d  

as  b e f o r e  e x c e p t  3 - 1 0  mole % o f  4 ,4 ' -d iaminodiphenyl  e t h e r  was 

r e p l a c e d  w i t h  3 , 3 '  , 5 ' - t r i a m i n o b e n z o p h e n o n e  (8). The s taged 

pre-preg was processed a t  319°C ( 7 3 5 ° F )  u n d e r  2000 p s i  f o r  3 

h o u r s .  The h ighe r  pressure (2000 p s i  vs 1500 p s i )  was used s ince  

H2PdH2 H2N 8 

t h e  b r a n c h  s i t e  was e x p e c t e d  t o  r e d u c e  p o l y m e r  f l o w .  The 

composites i n  which 3 and 5 mole % o f  4 ,4 ' -d iam inod ipheny l  e t h e r  

h a d  b e e n  r e p l a c e d  w i t h  8 showed  e x c e l l e n t  m e c h a n i c a l  

p r o p e r t i e s  bo th  a t  room temperature and 316°C (600°F) ( T a b l e  5 ) .  

A l l  b r e a k s  w e r e  now t r u e  t h e r m o s e t  ( b r i t t l e )  breaks which 
confirmed t h a t  a s u f f i c i e n t  c r o s s l i n k  d e n s i t y  had been a c h i e v e d .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



Ta
bl

e 
4 

Pr
op

er
ti

es
 o

f 
Ca

mp
as

it
es

 P
re

pa
re

d 
fr

om
 P

ol
yi

mi
de

 P
re

-p
ol

ym
er

s 
Ce

li
on

 -
60
00
 
Un

id
ir

ec
ti

on
al

 G
ra

ph
it

e 
Fi

be
r 

h
 % 

(h
/T

en
pe

rm
tu

re
) 

T8
. 

*C
(T

)L
A

)b
 

RT
 

31
6.
C(
60
0°
1)
 

RT
 

3l
6*

C
(6

O
O

D
F)

 
RT
' 

31
6*
C(
60
O*
F)
 

'd
 

'd
 

M
 

tl 0
 

F
le

x 
Ho

du
lu

r,
 

p
s

l 
F

le
x 

St
re

n8
th

, 
p

rl
 

E
nd

-C
ap

 
Po

st
-c

ur
e 

co
nd
lt
lo
nm
' 

IM
S,

 p
m

l 

Na
dl
c'
 

16
11

13
 16

.C
 

(6
00

.F
) 

33
2.

C
 

(6
30

.1
) 

17
,0

00
 

73
00
 

25
0,
00
0 

14
0.

00
0 

17
,4

00
,0

00
 

16
,2

00
.0

00
 

r
 

Bi
ph

en
yl

en
ed

 
26
3 
(5
05
.P
) 

14
,0
00
 

28
7,

00
0 

90
,0

00
' 

20
,2

00
,0

00
 

15
,6

00
,0

O
O

c 
E 

Bi
ph

en
yl

en
ed

 
50

1i
/3

16
*C

 
(6

00
.F

) 
- 

60
O

O
e 

27
0,
00
0 

15
6,
O0
Oe
 

18
,3

00
,0

00
 

16
~7

00
,0

00
c 

E kl H
 

n
 

Bi
ph

en
yl

en
e 

lS
O

h/
31

6*
C

 
(6

00
.F

) 
33

7 
(6

39
.F

) 
11

,0
00

 
70
00
e 

v1
 

Ph
en

yl
 

24
6 

(4
75

.F
) 

87
00

 
36
00
' 

- 
Ph
en
yl
 

47
h1
34
3.
C 

(65
0.F
)' 

25
0 
(48
2.P
) 

10
,0
00
 

57
00

' 
13

9,
00

0d
 

12
,3

00
,O

0O
e 

a.
 

In
 c
lr

cu
li

tl
ng

 m
lr

. 

b. 
Th

er
ma

l 
mo

ch
an

lc
al

 a
na

ly
ml

m.
 

C.
 

Pr
op

er
tl

ei
 o
f 
PH
R-
15
 c

om
po

sl
te

r 
fo

r 
co

rn
pa

ri
ao

n.
 

Th
e 

ot
he

r 
co
op

oa
lt

er
 w

er
e 

pr
ep

ar
ed

 
um

iu
g 

4,
4'

-d
la

ml
oo

dl
ph

en
yl

 
et

h
er

 a
r 

th
e 

di
am

ln
e 

mo
no

me
r 

an
d 

ba
re

 o
 =

 4
.8

9.
 

pr
ep

ar
ed

 u
m

ln
g 

tb
e 

di
re

th
yl

 e
st

er
 o
f 
3,
3'
4,
4'
-b
en
;o
pb
en
on
et
et
ra
ca
rb
o~
ll
c 

dl
mn

hy
dr

ld
e 

PH
R-
I5
 e

~p
lo

yr
 4,
4'

-~
et

hy
le

ne
 
di

an
ll

lo
e 

am
 
th

e 
dl

im
in

e 
m

on
om

er
 a

nd
 b

aa
 n

 =
 2
.0
9.
 

Al
l 

co
mp

om
lt

ca
 w

er
e 

th
e 

ac
id

-e
st

er
 m

on
om
er
. 

d.
 

30
% 

re
s

ln
 c
on

te
nt

 b
y 

We
ig

ht
. 

e
. 

Th
cr

mo
pl

ar
tl

c 
(n

on
br

lt
tl

e)
 
br
ei
ka
. 

W
 

N
 

ln
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



926 STTLLE AND DROSKE 

m 

I 

* 

8 
n 
h 

0 0 

9 
2 

- 
L, - - - la 

n 
n N 

-. 
b. 

0 n .a 

0 

n 
-Y n 
\ c 

Y 

1 

II 

aJ 
.I2 
(I 4 

L 
* 
4 

u U 

0 

e 

a 

4 
a 
I. 

f 
n 

Y 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1
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A 1 t h o u g h  composites w i t h  s t a t e - o f  - t h e - a r t  i n i t i a l  p r o p e r t i e s  

had been prepared, some loose s u r f a c e  f i b e r  was o b s e r v e d  i n  a l l  

c o m p o s i t e s  o x i d a t i v e l y  aged f o r  50-100 hours a t  316°C (600°F), 

even though t h e  composite weight  loss d u r i n g  ag ing  was o n l y  2 - 3 %  
( po  1 y q u  i n o  1 i n e and  p o  1 y i  m i  d e  composi tes ). Fur thermore , aged 

composites no l o n g e r  showed  r i n g i n g  when d r o p p e d  o n  a h a r d  

s u r f  a c e .  The o b s e r v a t i o n s  suggested t h a t  t h e  b iphenylene end- 

capped m a t r i x  r e s i n s  were n o t  t h e r m o o x i d a t i v e l y  s t a b l e  a s  m i g h t  

h a v e  b e e n  e x p e c t e d .  P h o t o m i c r o g r a p h s  o f  p o l y q u i n o l i n e  and 

p o l y i m i d e  composites be fo re  and a f t e r  o x i d a t i v e  i s o t h e r m a l  a g i n g  

a t  316°C (60OOF) c o n f i r m e d  t h a t  t h e  r e s i n s  had degraded d u r i n g  

aging. Photomicrographs o f  composites prepared from b i p h e n y l e n e  

e n d - c a p p e d  p o l y q i n o l i n e  p r e - p o l y m e r  3 c o n t a i n i n g  20 mole % 
(based on b iphenylene)  o f  t h e  N i ( 0 )  c a t a l y s t  s h o w e d  t h e  l e a s t  

d e g r a d a t i v e  void fo rmat ion ,  even though t h e  composite p r o p e r t i e s  

had d im in i shed  c o n s i d e r a b l y  and t h e  weight  loss d u r i n g  a g i n g  was 

c o m p a r a b l e  t o  t h e  o the r  laminates.  T h i s  composite a l s o  had t h e  

lowest amount o f  loose su r face  f i b e r  a f t e r  aging. A l t h o u g h  t h e  

o b s e r v a t i o n s  may  n o t  b e  e x p l a i n e d  w i t h  c e r t a i n t y ,  t h e  r e s u l t s  

suggest t h a t  t h e  N i ( 0 )  c a t a l y s t  d o e s  n o t  n e c e s s a r i l y  h a v e  a 

d e l e t e r i o u s  e f f e c t  o n  t h e  t h e r m o o x i d a t i v e  s t a b i l i t y  o f  t h e  

composites and a c t u a l l y  may i m p a r t  some d e s i r a b l e  c h a r a c t e r i s t i c s .  

W h i l e  t h e  a c t u a l  mechanism of deg rada t ion  of t h e  compos-ites 

i s  n o t  known, h i g h  energy a r o m a t i c  r a d i c a l s  may b e  i n v o l v e d .  

T h e s e  c o u l d  a r i s e  e i t h e r  f rom unreacted b iphenylene end groups o r  

f rom t h e  d e c o m p o s i t i o n  t o  tetrabenzocyclooctatetraene. A 

p o s s i b l e  e x p l a n a t i o n  f o r  t h e  o b s e r v a t i o n  t h a t  t h e  n i c k e l -  

c a t a l y z e d  c u r i n g  r e c t i o n  gave a l am ina te  t h a t  s h o w e d  t h e  T e a s t  

d e g r a d a t i o n ,  i s  t h a t  the r i n g  opening r e a c t i o n  was more complete 

i n  the  presence o f  t h e  c a t a l y s t .  
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