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Autoclave processing studies were conducted, us ing  improved tack PMR-15 pre- 
preg, t o  determine the  e f f e c t  o f  tack enhancing PMR r e s i n  mod i f i ca t i ons  on compos- 
i t e  p r o c e s s a b i l i t y  and mechanical p roper t ies .  

Improved tack g raph i te  f i b e r  re in fo rced  PMR-15 prepregs were prepared and 
exposed t o  ambient cond i t ions  f o r  var ious t imes' and then autoclave molded i n t o  com- 
pos i tes .  Composite specimens were prepared and tes ted  f o r  f l e x u r a l  and i n t e r l a m i -  
nar  shear s t rengths a t  room temperature and 316 "C .  The r e t e n t i o n  o f  f l e x u r a l  and 
i n t e r l a m i n a r  shear s t reng th  as a  func t i on  o f  exposure i n  a i r  a t  316 O C  was a l s o  
determined. 

The r e s u l t s  show t h a t  the  modi f ied PMR r e s i n  so lu t i ons  prov ide  prepreg w i t h  
improved tack  and drape r e t e n t i o n  c h a r a c t e r i s t i c s  w i thou t  adversely a f f e c t i n g  pro-  
c e s s a b i l i t y  o r  mechanical p rope r t i es  of autoclave-molded g raph i te  f i b e r  re in fo rced  
PMR-15 composites . 

INTRODUCTION 

Composites made w i t h  PMR-15 polyimide a re  now ga in ing  acceptance as v i a b l e  
engineer ing ma te r ia l s  f o r  high-use-temperature app l i ca t i ons .  This acceptance i s  
due t o  bo th  the  thermo-oxidat ive s t a b i l i t y  o f  PMR-15 and the  ease w i t h  which PMR-15 
prepreg m a t e r i a l s  can be processed i n t o  composite s t ruc tures .  An important  f a c t o r  
c o n t r i b u t i n g  t o  the  p r o c e s s a b i l i t y  o f  PMR-15 m a t e r i a l s  i s  t h e  v o l a t i l i t y  o f  t h e  
a l c o h o l i c  so lvents  used i n  prepar ing prepregging so lu t i ons .  These low-bo i l ing-  
p o i n t  so lvents  (methanol o r  ethanol) a re  e a s i l y  removed du r ing  f a b r i c a t i o n ,  making 
i t  poss ib le  t o  ob ta in  void- f ree o r  low-void composites. However, t he  v o l a t i l i t y  o f  
these so lvents  does l i m i t  the  tack and drape r e t e n t i o n  o f  PMR-15 prepreg exposed t o  
t h e  ambient. Retent ion o f  these two important  m a t e r i a l  handl ing p rope r t i es  i s  
e s s e n t i a l  f o r  cons i s ten t  performance dur ing layup o f  composite s t ruc tures ,  p a r t i c -  
u l a r l y  l a r g e  composite s t ruc tu res  which may r e q u i r e  long layup t imes. 

I n  t h e  past,  e f f o r t s  t o  improve the  tack and drape r e t e n t i o n  o f  PMR-15 prepreg 
m a t e r i a l s  i nvo l ved  t h e  use o f  r e a c t i v e  d i l u e n t s  ( r e f .  1) o r  h igher  b o i l i n g  p o i n t  
so lvents  ( r e f .  2) .  The use of reac t i ve  d i l u e n t s  prov ided on l y  s l i g h t  improvements 
i n  t ack  and drape re ten t i on .  Higher b o i l i n g  p o i n t  solvents, w h i l e  p rov id ing  s i g -  
n i f i c a n t l y  improved tack  and drape re ten t ion ,  a r e  d i f f i c u l t  t o  remove du r ing  p ro -  
cessing and severely  a f f e c t  t he  p r o c e s s a b i l i t y  o f  PMR-15 mater ia ls .  

I n  a  more recent  s tudy ( re f .  3). PMR r e s i n  composit ions were i d e n t i f i e d  which 
o f f e r  p o t e n t i a l  f o r  improving t h e  tack and drape r e t e n t i o n  o f  PMR prepreg ma te r ia l s  
w i thou t  a f f e c t i n g  t h e  p r o c e s s a b i l i t y  o r  elevated temperature mechanical p rope r t i es  
o f  compression-molded g raph i te  f i b e r  re in fo rced PMR-15 composites. This  was accom- 
p l i s h e d  by u t i l i z i n g  mixtures of low-boi l ing a l c o h o l i c  so lvents,  which a re  e a s i l y  
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removed du r ing  processing, and modi f ied  monomer reactants which do n o t  a l t e r  PMR 
r e s i n  cure chemistry. 

The purpose of t h i s  i n v e s t i g a t i o n  was t o  determine the  e f f e c t  o f  improved tack  
PMR-15 prepreg on the  p r o c e s s a b i l i t y  and mechanical p rope r t i es  o f  g raph i te  f i b e r  
re in fo rced  autoclave-molded PMR-15 composites. 

EXPERIMENTAL PROCEDURE 

Prepreg Fabr i ca t i on  and Test ing  

The monomer reactants used t o  prepare the  res ins  used i n  t h i s  study are  shown 
i n  t a b l e  I. The monomer reactants and PMR-15 prepregging so lu t i ons  were prepared 
as described i n  reference 3. S t y l e  182 f a b r i c  woven from epoxy s ized T-300 g raph i te  
f i b e r  and unsized Cel ion 6000 u n i d i r e c t i o n a l  g raph i te  f i b e r  tows were used as r e i n -  
f o r c i n g  ma te r ia l s .  Prepreg was prepared by brush a p p l i c a t i o n  o f  t he  PMR s o l u t i o n  
onto f l a t  45.7 by 30.5 cm sect ions o f  f a b r i c  and onto drum wound (4.72 turns/cm) 
u n i d i r e c t i o n a l  tows t o  y i e l d  composites having 58 v o l  % f i b e r .  S i l i c o n e  coated 
paper was used as the  peel p l y  f o r  both prepreg ma te r ia l s .  

Prepreg tack  was determined on simple l a p  shear specimens having a length  of 
12.7 cm, a w id th  of 2.54 cm, and an over lap  of 2.54 cm. The t e s t  specimens were 
prepared from prepreg exposed f o r  var ious t imes under ambient cond i t ions  by remov- 
i n g  the  peel p l y  and j o i n i n g  the  unexposed s ide  t o  t h e  exposed s ide.  The fo rce  t o  
separate t h e  prepreg was then measured a t  a load ing  r a t e  o f  12.7 cm/min. A l l  tack  
values repor ted are averages o f  t h ree  o r  more t e s t s .  A q u a l i t a t i v e  assessment of 
prepreg drape, o r  de fo rmab i l i t y ,  was obta ined by support ing a prepreg s t r i p  (30.5 
by 2.54 cm) a t  i t s  cen ter  and observing t h e  deformation o f  t h e  prepreg under i t s  
own weight.  

Composite Fab r i ca t i on  and Test ing  

Composites were autoclave molded from both T-300 g raph i te  f a b r i c  prepreg and 
from Cel ion  6000 graph i te  f i b e r  tape prepreg. The schematic f o r  vacuum bag layup 
o f  t h e  u n i d i r e c t i o n a l  tape prepreg i s  shown i n  f i g u r e  1. The prepreg tapes were 
c u t  i n t o  15.2 by 20.3 cm p l i e s ,  f i b e r  a x i s  p a r a l l e l  t o  t h e  long d i r e c t i o n ,  and 
stacked u n i d i r e c t i o n a l l y  t o  produce 12-p ly  composites. The f a b r i c  prepreg was c u t  
i n t o  15.2 by 15.2 cm p l i e s  and stacked 6 p l i e s  t h i c k ,  w i t h  t h e  warp a l i gned  i n  t h e  
zero degree d i r e c t i o n .  The vacuum bag layup f o r  f a b r i c  re in fo rced  prepreg was 
i d e n t i c a l  t o  t h a t  shown i n  f i g u r e  1, except t h a t  no s ide  containment o r  pressure 
p l a t e  was employed. The autoclave cure cyc le  used f o r  f a b r i c a t i n g  composites from 
both tape and f a b r i c  prepreg ma te r ia l s  i s  shown i n  f i g u r e  2. A f t e r  cur ing,  a l l  
composites were given a f ree-standing postcure i n  a fo rced -a i r  oven by heat ing  a t  
5 OC/min t o  316 O C  fo l lowed by a 24-hour ho ld  a t  316 O C .  

P r i 'o r  t o  t e s t  specimen preparat ion,  a l l  composites were inspected us ing t h e  
u l t r a s o n i c  C-scan technique. Composite f l e x u r a l  s t r e n g t h  t e s t s  were performed i n  
accordance w i t h  ASTM 0-790 a t  a f i x e d  span of 5.08 cm. Specimen thicknesses ranged 
from 0.191 t o  0.216 cm. The r e s u l t a n t  span/depth r a t l o s  ranged from 27 t o  23.5. 
I n t e r l a m l n a r  shear s t rength  t e s t s  were performed e s s e n t i a l l y  i n  accordance w i t h  
ASTM D-2344 a t  a constant span/depth o f  5. E levated temperature t e s t s  were con- 
ducted on specimens a f t e r  isothermal  exposure i n  a i r ,  f o r  var lous  t imes, a t  t h e  



t e s t  temperature. F lexura l  and i n te r l am ina r  shear s t reng th  values repor ted are 
averages o f  th ree  o r  more tes t s .  

RESULTS AND DISCUSSION 

Resin Se lec t i on  

The commercial ly a v a i l a b l e  PMR poly imide,  designated PMR-15, cons is ts  o f  a  
methanol s o l u t i o n  o f  t he  monomethyl es te r  o f  5-norbornene-2, 3 -d icarboxy l i c  ac id  
(NE), t he  d lmethy l  es te r  o f  3,3',4,4'-benzophenonetetracarboxylic a c i d  (BTDE) ,  and 
4,4 ' -methy lenediani l ine (MDA). I n  a  previous study ( r e f .  3 ) ,  i t  was found t h a t  the  
s u b s t i t u t i o n  o f  h igher  a l k y l  es te r  monomers f o r  methyl e s t e r  monomers i n  PMR-15 
res ins ,  as w e l l  as t he  use o f  a  mix tu re  o f  l ow-bo i l i ng -po in t  a l c o h o l i c  so lvents,  
prov ided PMR-15 prepreg w i t h  improved tack and drape r e t e n t i o n .  

Table I 1  l i s t s  t he  var ious modi f ied PMR-15 r e s i n  systems i nves t i ga ted  i n  the 
e a r l i e r  study ( r e f .  3).  The t a b l e  l i s t s  t h e  a l k y l  es te r  monomers and solvent  used 
f o r  each r e s i n  system and the  designated abb rev ia t i on  f o r  each r e s l n  system. 

Table I11 summarizes the r e s u l t s  obtained i n  the e a r l i e r  study from the tack 
and drape t e s t s  performed on g r a p h i t e  f i b e r  prepreg made from each of the  r e s i n  
systems l i s t e d  i n  t a b l e  11. The r e s u l t s  show t h a t  the  s u b s t i t u t i o n  of a  3:1 metha- 
no l / l -p ropano l  (M/P) so lven t  m ix tu re  f o r  methanol i n  t he  r e s i n  system conta in ing  
methyl  es te rs  (C1) extended the  prepreg tack r e t e n t i o n  from 2  t o  3  days t o  6 t o  
7 days f o r  T-300 f a b r i c  prepreg and t o  7 t o  8 days f o r  Ce l ion  6000 re in fo rced  tape 
prepreg. The r e s u l t s  a l s o  show t h a t  the prepregs con ta in ing  the  h igher  a l k y l  
es te rs  i n  t he  mixed solvents e x h l b i t e d  more pronounced improvements i n  tack and 
drape r e t e n t i o n  than the  methyl es te r  mixed so lven t  system. The best o v e r a l l  tack 
and drape r e t e n t i o n  was obtained f rom prepreg conta in ing  propy l  es te r  (C3) mono- 
mers, even i n  a  so lven t  mix tu re  of 9:1 M/P. 

However, t h i s  system exh ib i t ed  excessive r e s i n  f l o w  du r i ng  im id i za t i on .  The 
1-propanol produced as a  by-product dur ing  im id i za t i on ,  together  w i t h  1-propanol 
p resent  i n  t he  so lven t  m ix tu re  causes a  s i g n i f i c a n t  reduc t ion  i n  the  r e s i n  me l t  
v i s c o s i t y  du r i ng  t h e  e a r l y  stages o f  the  i m i d i z a t i o n  r e a c t i o n  and r e s u l t s  i n  
increased r e s i n  f low.  

Based on the  r e s u l t s  f rom t h e  e a r l i e r  study ( r e f .  3), t he  PMR r e s i n  systems 
se lec ted  f o r  study i n  t h i s  i n v e s t i g a t i o n  inc luded the  systems conta in ing  C1 and 
C2 es te rs  i n  so lven t  mixtures o f  3 : l  M/P, the  c o n t r o l  r e s i n  system C1-M, and 
two r e s i n  systems which were no t  p rev ious l y  s tudied,  C1-4:1 M/P and C2-5:l M/P. 
I n  the  present  study, i t  was found t h a t  these two r e s i n  systems, con ta in ing  a  
reduced l e v e l  o f  1-propanol, prov ided prepregs w i t h  tack r e t e n t i o n  comparable t o  
those made us ing  a  3: l  M/P so lven t  mix tu re  ( 5  t o  6 days versus 6 t o  7 days f o r  
C1-3:1 M/P and 10 days f o r  C2-5:l M/P versus 12 days f o r  C2-3:1 M/P us ing 
T-300 re in fo rcement ) .  

Composite Processing Studies 

I n  t h e  e a r l i e r  study ( r e f .  3). i t  was found t h a t  the  r e s i n  mod i f i ca t ions  
employed t o  improve prepreg tack d i d  not  necess i ta te  a l t e r i n g  the  parameters p rev i -  
ous l y  e s t a b l i s h e d  f o r  compression molding PMR-15 composites. I n  t h i s  Inves t iga-  
t i o n ,  s t u d i e s  were conducted t o  es tab l i sh  autoc lave cure parameters f o r  the 



selected r e s i n  systems using T-300 f a b r i c  re in fo rced  and u n i d i r e c t i o n a l l y  r e i n -  
forced Cel ion 6000 graph i te  f i b e r  prepreg ma te r ia l s .  - 

A commonly used autoclave cure cyc le  f o r  s ta te-o f - the-ar t  PMR-15 prepreg mate- 
r i a l  i s  shown i n  f i gu re  3. During t h i s  study, i t  was found t h a t  t he  improved tack 
prepreg exh ib i t ed  excessive r e s i n  f l o w  when us ing  t h e  cure cyc le  shown i n  f i g u r e  3. 
As discussed e a r l i e r ,  t h e  1-propanol added t o  t h e  c a r r i e r  so lvent  s i g n i f i c a n t l y  
reduced the  me l t  v i s c o s i t y  o f  t h e  r e s i n  du r ing  t h e  e a r l y  stages o f  t h e  i m i d i z a t i o n  
react ion.  Therefore, t o  minimize r e s i n  f low,  i n i t i a l  i m i d i z a t i o n  was conducted a t  
a  lower heat ing  r a t e  (0.6 OC/min) and a  reduced vacuum l e v e l  (5  cmHg). When a  tem- 
perature o f  137 O C  was reached, s u f f i c i e n t  r e s i n  advancement had occurred t o  pe rm i t  
t he  use o f  a  f a s t e r  heat ing  r a t e  and increased vacuum l e v e l  (3  OC/min and 60 cmHg, 
respect ive ly ) .  The recomnended cure cyc le  f o r  autoc lave c u r i n g  improved tack  
graph i te  f i b e r  re in fo rced  PMR-15 prepreg i s  shown i n  f i g u r e  2. Low-void 
(1.3 vo l  X )  composites were fab r i ca ted  from each of t h e  prepreg ma te r ia l s  by 
employing t h i s  cure cyc le.  

Composite Proper t ies  

The mechanical p rope r t i es  of autoclave-molded PMR-15/Celion 6000 composites 
made from the  con t ro l  r e s i n  and the  selected mod i f ied  r e s i n  systems are  shown i n  
t a b l e  I V .  Also shown i n  the  t a b l e  a re  the  prepreg storage cond i t ions ,  prepreg v o l -  
a t i l e  content,  and the percent f i b e r  volume f o r  each composite. It can be seen 
t h a t  a f t e r  5  days exposure a t  ambient cond i t ions ,  t h e  C2 prepreg con ta in ing  a  
3:1 M/P so lvent  exh ib i t ed  a  v o l a t i l e  content  1.2 percent  h igher  than t h a t  of t h e  
C2 prepreg prepared w i t h  a  5:1 M/P so lvent .  The 3  percent  d i f f e r e n c e  i n  f i b e r  
volume between t h e  composites prepared by t h e  C2-3:1 M/P and C2-5:1 M/P prepreg 
systems can be a t t r i b u t e d  t o  the  h igher  concent ra t ion  o f  1-propanol present  i n  t h e  
C2-3:1 M/P system. Therefore, a  5:l M/P so l ven t  m ix tu re  i s  recommended f o r  p re-  
pared improved tack prepreg w i t h  e t h y l  es te rs  (C2). Furthermore, comparison of 
t he  f i b e r  content  data shows t h a t  by employing t h e  mod i f ied  autoc lave cure c y c l e  
shown i n  f i g u r e  3, i t was poss ib le  t o  c o n t r o l  t h e  r e s i n  f l o w  o f  improved tack  p re -  
preg having a  v o l a t i l e  content  of 12.4 percent  o r  l e s s  t o  y i e l d  composites having a  
f i b e r  volume o f  c lose t o  63 percent.  I n  o rder  t o  achieve r e s i n  f l o w  comparable t o  
s tate-of - the-ar t  PMR-15 prepreg ma te r ia l ,  i t  i s  recommended t h a t  t he  v o l a t i l e  of 
improved tack prepreg n o t  exceed 12.4 percent  p r i o r  t o  autoc lave molding. 

A comparison o f  t h e  composite mechanical p r o p e r t i e s  data o f  t a b l e  I V  shows 
t h a t  the  room temperature and 316 O C  f l e x u r a l  and i n t e r l a m i n a r  shear s t rengths  of 
composites prepared from the  improved tack  prepreg, which had been exposed f o r  
5  days, compare very favorab ly  t o  t h e  p r o p e r t i e s  of t h e  c o n t r o l  composite prepared 
from f r e s h l y  made prepreg. 

Figures 4  and 5  show t h e  r e t e n t i o n  o f  316 O C  composite f l e x u r a l  and i n t e r l a m i -  
nar  shear strengths, respect ive ly ,  as a  f u n c t i o n  of isothermal  exposure i n  a i r  a t  
316 O C  f o r  the  autoclave-molded Ce l ion  6000 g r a p h i t e  f i b e r  composites. 

F igure 4  shows t h a t  the  316 O C  f l e x u r a l  s t reng th  r e t e n t i o n  o f  t h e  composites 
prepared from the  improved tack prepregs i s  equ iva len t  t o  t h e  f l e x u r a l  s t reng th  
r e t e n t i o n  o f  t he  composite prepared from t h e  c o n t r o l  prepreg. I n  f i g u r e  5  i t  can 
be seen t h a t  t he  316 O C  I n t e r l a m i n a r  shear s t r e n g t h  r e t e n t i o n  of t h e  composites 
made from the  improved tack prepregs i s  n e a r l y  i d e n t i c a l  t o  t h a t  e x h i b i t e d  by the  
composite made from t h e  c o n t r o l  prepreg. 



The mechanical properties of autoclave-molded PMR-15/T-300 graph1 t e  f a b r i c  
re in fo rced composltes a re  shown I n  t ab le  V. Data a re  shown f o r  composltes prepared 
from the  c o n t r o l  r e s i n  and the  modif ied r e s i n  systems (C1-3:1 M/P, C1-4:1 M/P, 
and C2-5:1 M/P) which e x h i b i t  r e s i n  f low comparable t o  t h a t  o f  the  c o n t r o l  r e s i n  
system dur ing  autoc lave mold1 ng. The data show t h a t  t h e  room-temperature and 
short- term 316 O C  f l e x u r a l  and l n te r l am lna r  shear s t rengths  o f  the  composites pre-  
pared from the  improved tack prepreg are i n  c l ose  agreement w i t h  the  f l e x u r a l  and 
i n te r l am ina r  shear s t rengths of t h e  composites made from the  c o n t r o l  system. 

CONCLUSIONS 

Based on the  r e s u l t s  o f  t h i s  I nves t i ga t i on ,  t h e  f o l l o w i n g  conc lus~ons  may be 
drawn: 

1. By employing a  mod i f ied  autoclave cure cyc le ,  i t  i s  poss ib le  t o  f a b r i c a t e  
h igh-qua l i t y ,  low-void composltes from improved tack  g r a p h i t e  f i b e r  re in fo rced  
PMR-15 prepreg mater ia ls .  

2. Autoclave-molded composltes f ab r i ca ted  f rom improved tack g raph i te  f i b e r  
re in fo rced  PMR-15 prepreg e x h i b i t  mechanical p rope r t i es  which are  e s s e n t i a l l y  equiv-  
a l e n t  t o  t he  mechanical p rope r t i es  o f  composites autoc lave molded from s ta te -o f - the-  
a r t  g raph i te  f i b e r  re in fo rced  PMR-15 prepreg. 
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Tab1 e I .-MONOMERS USED FOR PMR-15 POLYIMI DE SYNTHESIS 

TABLE 11. - ESTER AND SOLVENT 

M O D I F I E D  PMR-15 RESIN S Y S T L M S ~  

Structure 
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0 0 

R = C H ~ ~ C ~ H S  aC3H7 
a 

~ s t e r b  1 Solventc I System 
a b b r e v l a t l o n  

Name 

Monoalkyl ester of Snorbor- 
nene-2,3-dl carboxyl I c acl d 

4,l'Methyl enedlrnl l f n e  

Dlalkyl ester o f  3.3' ,4,4'- 
acid benzophenonetetracarboxyl IC 

aReference 3. 
b ~ l  = methyl ,  C2 = e t h y l ,  

Cg = p ropy l .  
CM = methanol, E = ethanol ,  

P = 1  -propano1 . 

Abbrevlatlon 

ME 

MDA 

BTDE 

C1 (Con t ro l )  
C1 
c2 
C 2  
c 3  
C3 

M 
3:1 M/P 

E 
3:1 M/P 
9:1 M/P 
3:1 M/P 

C1 -M 
C1-3:1 M/P  
C2-E 
C2-3:1 M/P 
C3-9:l M/P 
C3-3:1 M/P 



TABLE 111. - TACK AND DRAPE 

RETENTION OF M O D I F I E D  

PMR-1 5 PREP REG^ 

aPMR-15/T-300 graph i te  f a b r i c  and 
PMR-1 5 h e l  i o n  6000 graph1 t e  f i b e r  tape, 
reference 3. 

b ~ a ~ s  a t  ambient cond i t ions .  

- 
Prepreg 
system 

C1 -M 
C1-3:1 M/P 
C2-E 
C2-3:l M/P 
C3-9:l M/P 
C3-3:l M/P 

TABLE I V .  - MECHANICAL PROPERTIES OF AUTOCLAVE-CURED M O D I F I E D  PMR-15/CELION 

6000 GRAPHITE FIBER COMPOSITES 

Tack l i m i t b  
f ab r i c / t ape  

2-3/2-3 
6-7/7-8 
3-4/- 
12/15 
12/15 
12/21 

aDays exposed t o  ambient cond i t ions .  

Drape l i m i t b  
f ab r i c / t ape  

2/2 
516 
2/- 
7 /8 

12/15 
12/21 

f 

Prepreg 
system 

C1 -M ( C o n t r o l )  
C1-3:l M/P 
C1-3:l M/P 
Ci-4:1 M/P 
C2-3:1 M/P 
2-5:l M/P 

Prepreg 
exposure, 
daysa 

1 
1 
5 
5 
5 
5 

Prepreg 
percent 
v o l a t i l e  
content  

11.7 
13.5 
12.4 
12.0 
13.2 
12.0 

Composite 
f i b e r ,  

v o l X  

62.7 
65.0 
63.0 
63.0 
66.0 
63.0 

I n t e r l a m i n a r  shear 
s t renbth,  MPa 

R.T.  

103 
90 

100 
107 
96 

106 

F lexu ra l  
s t rength,  MPa 

316OC 

44.8 
42.7 
46.2 
41.3 
46.1 
42.0 

R.T. 

1532 
1632 
1639 
1570 
1612 
1557 

316 O C  

834 
861 
841 
896 
875 
875 



TABLE V. - MECHANICAL PROPERTIES OF AUTOCLAVE-CURED MODIFIED 

PMR-15/T-300 GRAPHITE FABRIC COMPOSITES YFT exposure, 

C1 -M (Cont ro l )  
C1-3: 1 M/P 
C1-4:l M/P 3 
C2 -5:l M/P 3 

Prepreg 
f i b e r ,  

vo l  X 

I n t e r l a m i  nar  shear F lexu ra l  
s t rength ,  MPa s t rength ,  MPa 

- 

R.T. 316 O C  

50.3 36.5 
49.6 35.8 
54.1 36.5 1337 
54.4 35.8 1280 

aDays a t  ambient cond i t i ons .  

r 114 in. ALUMINUM 
/ PRESSURE PLATE 

GLASS 
I 

KAPTON BAGl I' r 2 PLIES ,, BLEEDER7 ,' GLASS BLEEDER 

1. n cm ALUM 
SIDE CONTAIN 

SEALANT . 
UNCATALYZED,/' 
SILICONE -' I 

I 

I ! I 

POROUS WRAP / L~~~~~ BLEEDER lL NON-POROUS 
TEFLONIGLASS TEFLONIGLASS 

Figure  1. - Vacuum bag layup f o r  u n i d i r e c t i o n a l  
re in fo rced  PMR-1 S/Cel i o n  6000. 



80 
0 1 2 3 4 5 6 7 8 9  

TIME. hr 

F i g u r e  2. - Autoc lave cu re  c y c l e  f o r  F i gu re  3. - T y p i c a l  au toc l ave  cu re  c y c l e  
improved tack  PMR-lS/graphite f i b e r  
prepreg.  

f o r  PMR-15 m a t e r i a l s .  

RESIN SYSTEM 
0 Cl-M (CONTROL) 
0 C1-3:lMIP 
0 C1-4:lMIP 
A C23:1MIP 
0 C2-5:lMIP 

2 LL 

700 
0 200 400 600 800 loo0 1200 1400 1600 

TIME, hr 

F i g u r e  4. - F l e x u r a l  s t r e n g t h  o f  au toc l ave  
molded m o d i f i e d  PMR-15/Celion 6000 
g r a p h i t e  f i b e r  composites exposed and 
t e s t e d  a t  316 "C.  

a 
a 2 2  6 5 1  

"'I 55 a * x- 
Z C  

s w  
22 45 
E"' 

RESIN SYSTEM 

C1-M (CONTROL) 
C1-3:lMI P 
C1-4:lMIP 
C23:1MIP 
C2-5:lMIP 

TIME, hr 

F i gu re  5 .  - I n t e r l a m i n a r  shear s t r e n g t h  o f  
au toc lave  molded PMR-15/Celion 6000 
g r a p h l t e  f i b e r  composites exposed and 
t es ted  i n  a i r  a t  600 "C.  


