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Very few a d h e s i v e s  e x i s t  t h a t  a r e  s u i t a b l e  f o r  long-term 

u s e  a t  e l e v a t e d  tempera ture .  Commercially a v a i l a b l e  h igh-  

t empera tu re  a d h e s i v e s  have been formula ted  f o r  bonding metals 

such  a s  steel and t i t a n i u m .  However, t h e s e  sys tems  g e n e r a l l y  

c o n t a i n  a d d i t i v e s  which make t h e  r e s i n s  t o o  b r i t t l e  f o r  f i l m  

bonding a p p l i c a t i o n s .  A p a r t i c u l a r  need  f o r  a d h e s i v e s  t h a t  

a r e  compat ib le  w i t h  po ly imide  f i l m  was r e c e n t l y  p r e s e n t e d  by 

t h e  proposed NASA S o l a r  S a i l  Program. 

The s p i n n i n g  s a i l  shown i n  F i g u r e  1 w a s  i n t ended  o r i g i n a l l y  

f o r  a rendezvous mis s ion  w i t h  H a l l e y ' s  Comet i n  1986, f o l l o w i n g  

a launch  i n  November 1981. Had t h e  program con t inued ,  a n  adhe- 

s i v e  would have Seen needed t o  j o i n  s t r i p s  of  0.002pm (.08 m i l )  

u l t r a t h i n  f i l m  a t  i n t e r v a l s  a c r o s s  each  b l a d e  measuring 8m i n  

wid th  by 7350m i n  l eng th .  

For such  an a p p l i c a t i o n  on any f u t u r e  l a r g e  s p a c e  s t r u c t u r e ,  

t h e  adhes ive  used f o r  bonding t h i n  f i l m  w i l l  have t o  form a f l e x i b l e  

c o a t i n g  and be  amenable t o  bonding c y c l e s  which i n v o l v e  low p r e s s u r e  

and very  s h o r t  t i m e  a t  t h e  bonding t e ~ p e r a t u r e .  The o b j e c t i v e  o f  

t h i s  work was t o  deve lop  and e v a l u a t e  a h igh- tempera ture  a d h e s i v e  

f o r  DuPont's u l t r a t h i n  Kapton!H f i l m  which c o u l d  ~ r o v i d e  good 

performafice i n  a space  env i ron~nen t  f o r  l o n g  term a t  575K. 

L inea r  condensa t ion  poly imides  are a group o f  h igh- tempera ture  

polymers which show promise a s  a d h e s i v e s  and p o s s e s s  t h e  c a p a b i l i t y  

of forming f l e x i b l e  f i l m  c o a t i n g s .  I n  a d d i t i o n ,  t h e y  shou ld  have 

good c o m p a t i b i l i t y  w i t h  l i n e a r  po ly imide  Kapton f i l m  adherends .  T h r e e  



promising polyimide LaRC adhesives (1,2) prepared in the amic 

acid form in the aliphatic ether solvent, diglyme, were developed 

and studied along with a new experimental NR-150-B2X (3,4) pre- 

cursor adhesive prepared in amide solvent as a monomeric mixture. 

EXPERIMENTAL 

Adhesives 

The monomers used in the preparation of the LARC adhesives 

were 3,3',4,4'-benzophenone tetracarboxylic dianhydride (BTDA) , 

pyromellitic dianhydride (PMDA), and 3,3'- or 4,4'-diaminoben, - -  
phenone (DABP). The BTDA and PMDA were obtained commercially 

and purified by vacuum sublimation (m.p.497K and 558K, respect- 

ively). The diamines were obtained from commercial sources and 

purified by recrystallization. The reagent grade bis (2-methoxy- 

ethyl) ether (diglyme) was used as received. 

The general reaction scheme followed in the preparation of 

LARC adhesives is shown.in Figure 2. The LARC-2 polyamic acid 

was prepared by reacting stoichiometric amounts of 3,3'-DAZP 

(0.015 mole) and BTDA (0.015 mole) in 459 of diglyme at ambient 

temperature for 16 hours. In a similar manner, the amic acid of 

LARC-3 was made by adding a 2:l molar ratio of BTDA (0.C10 mole)/ 

PMDA (0.005 mole) to 3,3'-DABP (0.015 mole) in 429 of diglyme. 

The amic acid of LARC-4 was prepared from a 3:l ratio of BTDA 

(0.012 mole)/PMDA (0.004 mole) and 4,4'-DABP (0.016 mole) in 46g 

of diglyme. 

Films were cast from the 15 percent solids amic acid solutions 

onto soda-lime glass plates and thermally cured by heating in a 

forced air oven for one hour at each of three temperatures, 373K, 

2 



473K, and 573K. The LARC polyimide f i l m s  formed i n  t h i s  manner 

were t h e n  c h a r a c t e r i z e d .  The remaining polyamic a c i d  s o l u t i o n s  

were kep t  under  r e f r i g e r a t i o n  u n t i l  needed f o r  bonding. The 

expe r imen ta l  NR-150 p r e c u r s o r  adhes ive  s o l u t ~ o n ,  NR-150-B2X, was 

o b t a i n e d  as a mix tu re  of  monomers a t  48 p e r c e n t  s o l i d s  (w/w) i n  

K-methylpyrrolidone (NMP) ( 5 ) .  The monomeric b i n d e r  s o l u t i o n  con- 

t a i n e d  a 1 .5  p e r c e n t  e x c e s s  o f  t h e  2,2-bis-(3',4'-dicarboxypheny1)- 

hexafluoropropane d i anhydr ide  (6F) and a 3:2 r a t i o  o f  para-  

phenylenediamine (PPD) / o x y d i a n i l i n e  (ODA) . The expe r imen ta l  NR-150- 

B2X s o l u t i o n  w a s  d i l u t e d  from 48 p e r c e n t  t o  32 p e r c e n t  w i t h  e t h a n o l  

be fo re  c o a t i n g  adherends.  A f i l m  o f  t h e  monomeric NR-150-B2X 

s o l u t i o n  w a s  a l s o  c a s t  from NMP/ethanol, cu red ,  and c h a r a c t e r i z e d .  

C h a r a c t e r i z a t i o n  

I n h e r e n t  v i s c o s i t i e s  o f  t h e  LARC r e s i n s  were de termined  a t  a 

c o n c e n t r a t i o n  o f  0.5 p e r c e n t  i n  d imethylace tamide  a t  308K. The 

g l a s s  t r a n s i t i o n  t empera tu re  ( T - )  o f  each  polyimide f i l m  w a s  d e t e r -  
g 

mined by d i f f e r e n t i a l  scanning c a l o r i m e t r y  (DSC) on a DuPont Model 

990 Thermal Analyzer  w i t h  t h e  S tandard  DSC C e l l  Attachment a t  a 

h e a t i n g  r a t e  of  20K/min. The T -  v a l u e s  o f  t h e  adhes ive  bond l ines  
'3 

were measured by thennomechanical a n a l y s i s  (TMA) i n  s t a t i c  a i r  a t  

a 5K/min. h e a t i n g  r a t e  on a DuPont Model 943 Thennomechanical 

Analyzer. A 1/2 c m  by 1/2 c m  sample was c u t  from t h e  adhes ive  bond- 

l i n e  and mounted under t h e  TMA q u a r t z  p e n e t r a t i o n  probe loaded  w i t h  

a 20g weight .  

Adhe rends  

The polyimide Kapton adherends were a c q u i r e d  from t h e  Elec t r i -  

c a l  I n s u l a t i o n  Products  D i v i s i . v ,  E. I. du Pont  de  Nemours and Co., 
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i n  t h e  f o l l o w i n g  t h i c k n e s s e s ;  0.025 mm (1 m i l )  , 0.051 mrn (2  m i l ) ,  

0.076 mm ( 3  m i l ) ,  and 0.127 mm ( 5  m i l ) .  Kapton p a n e l s  measur ing  

11.4 c m  (4.5 i n )  by 1 5  c m  (6  i n )  were c u t  from t h e  f i l m  rolls w i t h  

t h e  15-cm diwension i n  t h e  l o n g i t u d i n a l  d i r e c t i o n .  No s u r f a c e  

p r e p a r a t i o n  of  t h e  f i l m  was r e q u i r e d  o t h e r  t h a n  t h e  removal o f  

f i n g e r p r i n t s  and d u s t  w i t h  e t h a n o l  when neces sa ry .  The t e n s i l e  

p r o p e r t i e s  o f  t h e  Kapton adherends  were o b t a i n e d  on  f i l m  s t r i p s  

2.54 c m  (1 i n )  ;vide and are shown i n  Table  1. The m a j o r i t y  o f  

adhes ive  s c r e e n i n g  was performed w i t h  t h e  0.051 mm ( 2  m i l )  Kapton. 

Whenever bonding w i t h  t h e  t h i n n e r  Kapton w a s  a t t empted ,  50 per -  

c e n t  o f  t h e  f a i l u r e s  o c c u r r e d  i n  t h e  adherend,  n o t  t h e  adhes ive  

bondl ine .  T h e r e f o r e ,  t o  o b t a i n  c o n s i s t e n t  adhes ive  s t r e n g t h s ,  

f i l m s  0.051 mm (2 m i l )  o r  t h i c k e r  were bonded. 

Bonding P roces s  

Kapton f i l m  p a n e l s  w e r e  b rush  c o a t e d  0.64 c m  ( 1 / 4  i n )  from 

t h e  edge w i t h  e i t h e r  t h e  LARC polyamic a c i d  s o l u t i o n s  i n  diglyme 

o r  t h e  NR-150-B2X i n  NMP/ethanol. The c o a t e d  adherends  were B- 

s t a g e d  1 hour  a t  373K and 1/2 hour  a t  448K i n  a f o r c e d  a i r  oven. 

Each primed pane l  was t h e n  over lapped  0.64 c m  (1/4 i n )  w i t h  an 

unprimed p a n e l  and bonded a t  616K (650°F) w i t h  a h o t  i r o n  f o r  20 

seconds.  Only c o n t a c t  p r e s s u r e  o f  t h e  i r o n  on t h e  b o n d l i n e  was 

neces sa ry  f o r  bonding. F i n a l  bond l ine  t h i ~ k n e s s e s  ranged  from 

0.008 mm (0 .3  m i l )  t o  0.013 mm (0 .5  m i l ) .  

Vacuum Aginq 

P r i o r  t o  vacuum ag ing ,  each  bonded f i l m  specimen was c u t  i n t o  

f o u r  2.54 c m  (1 i n )  s t r i p s ;  and a sma l l  h o l e  was punched a t  t h e  t o p  
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o f  each  p a n e l  f o r  mounting i n  t h e  vacuum oven (F igu re  3 ) .  S e t s  

o f  specimens were aged i s o t h e r m a l l y  a t  575K i n  vacuum and removed 

f o r  t e s t i n g  a f t e r  250, 500, 1000, 1500, 2000, 3000, and 6000 

hours .  Samples were mounted on m e t a l  r a c k s  a t  t h e  c e n t e r ,  from 

f r o n t  t o  rear, o f  a vacuum chamber having  a 76.2-cm (30- in)  

d i ame te r  and equipped w i t h  an  i o n  gauge and t r a p p e d  d i f f u s i o n  pump. 

Throughout t h e  experiment ,  a vacuum of 670bPa t o  1870~12a ,  gauge 

( 2  x i n  t o  5.5 x i n  Hg) w a s  main ta ined .  Three inde-  

pendent  and p r e p o s i t i o n e d  thermocouples  monitored t ?  L: chamber 

t empera tu res  a t  a l l  t i m e s .  

T e s t  i n p  

T e n s i l e  tests of t h e  Kapton adherends  and l ap - shea r  tests of  

adhes ive ly  bonded Kapton f i l m s  were performed on an I n s t r o n  Uni- 

v e r s a l  T e s t i n g  Ins t rument  Model TT-6 acco rd ing  t o  ASTM Des igna t ion  

D882-61T. Specimens were t e s t e d  a t  a cross-head speed  o f  0.51 cm 

(0.2 in ) /min  us ing  a gauge l e n g t h  o f  7 .62  cm ( 3  i n ) .  E leva ted  

tempera ture  t e s t i n g  a t  575K w a s  conducted i n  an I n s t r o n  Environ- 

menta l  Chamber wherein each  specimen was soaked f o r  1 0  minutes  a t  

t h e  tempera ture  b e f o r e  t e s t i n g .  

Resin P r o p e r t i e s  

The polyimide r e s i n s  used i n  t h i s  i n v e s t i g a t i o n  and some o f  

t h e i r  p r o p e r t i e s  a r e  l i s t e d  i n  Table  11. The LARC r e s i n s ,  made by 

r e a c t i c g  DABP w i t h  t h e  a p p r o p r i a t e  d i anhydr ide  monomers i n  diglyme 

a t  15 p e r c e n t  s o l i d s  ( w / w ) ,  y i e l d e d  high-molecular-weight polyamic 

a c i d s  as i n d i c a t e d  by t h e  i n h e r e n t  v i s c o s i . t i e s  (q inh) .  Fi lms c a s t  

from t h e  LARC amic a c i d  s o l u t i o n s  and cu red  a t  573K were c l e a r  



yel low and f l e x i b l e .  G las s  t r a n s i t i o n  t empera tu res  o f  t h e  poly-  

imide f i l m s  as determined by DSC ranged from 520K (477OF) f o r  

LARC-2 t o  570K (567OF) f o r  LARC-4. A f i l m  made from t h e  monomeric 

 ethanol s o l u t i o n  o f  NR-150-B2X and cu red  t o  573K was clear 

p u r p l e  and b r i t t l e ,  b u t  s e l f - s u p p o r t i n g .  The T o f  t h i s  m a t e r i a l  
g 

w a s  found t o  b e  595K (612OF) by DSC, compared t o  596K (613OF) re- 

p o r t e d  by DuPont ( 5 ) .  Dynamic TGA c u r v e s  o f  t h e  poly imide  f i l m s  

cured  a t  573K i n  a i r  a r e  p r e s e n t e d  i n  F igu re  4. LARC-2 and LARC-3r 

which posses sed  t h e  lower T v a l u e s ,  were t h e  most t h e r m a l l y  s t a b l e  
g 

when hea ted  i n  a n i t r o g e n  atmosphere.  I so the rma l  TGA c u r v e s  o f  

t h e  polyimide f i l m s  aged a t  575K i n  n i t r o g e n  a r e  shown i n  F igu re  

5. The adhes ives  d i s p l a y e d  e x c e l l e n t  t he rma l  s t a b i l i t y  w i t h  

l o s s e s  between 1.0 p e r c e n t  f o r  LARC-4 and 4.5 p e r c e n t  f o r  LARC-3 

a f t e r  500 hour s  a t  575K. - 
TABLE I1 - PROPERTIES OF ADHESIVES 

A m i c  Acid T 
Resin Formulat ion 9 "nh K (OF) 

LARC- 2 BTDA 0.73 520 
3 ,3 '  -DABP (477) 

LARC- 3 2 BTDA/l PMDA 0.63 542 
3,3'-DABP (516) 

LARC- 4 3 BTDA/l PMDA 0.50 570 
4,4'-DABP (567) 

NR-150-B2X 6F(1.5% e x c e s s )  -- 595 
3 PPD/2 ODA (612) 
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Bonding Condit ions 

A schematic  o f  t h e  bonded f i l m  specimens is  shown i n  Figure  

6. The procedure developed f o r  bonding t h i n  Kapton f i l m  us ing  

any of t h e  LARC adhes ives  o r  NR-150-B2X has  demonstrated e x c e l l e n t  

f e a s i b i l i t y  f o r  l a rge - sca le  bonding. Kapton f i l m  a s  t h i c k  a s  

0.127 mrn i 5  ' n i l )  was bonded i n  20 seconds a t  616K (650°F) with  on ly  

t h e  c o ~ t a c t  p r e s s u r e  o f  a smal l  i r o n  used a s  a h e a t  source .  The 

0.64 crn ( 1 / 4  i n )  over lap  of t h e  Kapton bondl ines  allowed an easy  

escape f o r  any v o l a t i l e s  and y i e l d e d  bondl ines  t h a t  were rela- 

t i v e l y  void-free.  I n  a d d i t i o n ,  t h e r e  was l i t t l e  o r  no adhesive 

f l a s h  evolved dur ing  t h e  bonding of t h e  LARC o r  NR-150-B2X 

mate r i a l s .  This  i n d i c a t e d  t h a t  t h e  B-stage p r i o r  t o  bonding 

allowed adequate b u t  no t  an  excess ive  amount of  flow. The 

o v e r a l l  bonding procedure was f a c i l e  and economical, both  o i  which 

a r e  d e s i r a b l e  a t t r i b u t e s  f o r  bonding t h i n  f i l m  f o r  f u t u r e  l a r g e  

space s t r u c t u r e s .  

I n  p a r t i c u l a r ,  t h e  LARC adhesive m a t e r i a l s  proved advantageous 

because t h e  non-toxic diglyme used a s  a s o l v e n t  f o r  t h e s e  adhes ives  

was r e a d i l y  removed dur ing  t h e  bonding procedure. An a d d i t i o n a l  

advantage exh ib i t ed  by t h e  LARC r e s i n s  was t h a t  LARC-2, LARC-3, 

and LARC-4 formed c l e a r ,  f l e k i b l e ,  se l f - suppor t ing  f i l m s  when c a s t  

from diglyme i n  t h e  polyamic a c i d  form and B-staged t o  448K 

(347OF). Therefore,  t h e s e  m a t e r i a l s  could be supp l i ed  i n  t h e  

form o f  a f i l m  t a p e ,  which would e l i m i n a t e  working w i t h  a s o l v e n t  

and f a c i l i t a t e  bonding. 



Kapton/Kapton Bond S t r e n q t h  

R e s u l t s  from t h e  room t e m p e r a t u r e  and e l e v a t e d  tempera- 

t u r e  l a p - s h e a r  tests o f  LARC-2, LARC-3, LARC-4, and NR-150-B2X 

Kapton/Kapton bonds a r e  shown i n  F i g u r e  7. Each d a t a  p o i n t  

r e p r e s e n t s  t h e  ave rage  l ap - shea r  s t r e n g t h  o f  e i g h t  i n d i v i d u a l  

specimens.  Average d e v i a t i o n s  from t h e  mean v a l u e s  ranged  

from 68 kPa (10 p s i )  a t  RT and 4 1  kPa (6  p s i )  a t  e l e v a t e d  

t e m p e r a t u r e s  f o r  t h e  LARC a d h e s i v e  specimens t o  96 kPa (14 p s i )  

a t  RT and 37 kPa (5.4 p s i )  a t  e l e v a t e d  t e m p e r a t u r e s  f o r  t h e  

NR-150-B2X specimens.  The ave rage  d e v i a t i o n  f o r  NR-150-B2X l ap -  

s h e a r  specimens a t  575K was 61 p e r c e n t  less t h a n  t h e  d e v i a t i o n  

a t  RT. F a i l u r e  i n  a i l  c a s e s  o c c u r r e d  i n   he adhes ive .  P e r c e n t  

r e t e n t i o n  of  room t e m p e r a t u r e  l a p - s h e a r  s t r e n g t h s  a t  e l e v a t e d  

t empera tu re  were a s  f o l l o w s  : 

o 27 p e r c e n t  a t  575K (575OF) 

and 3 F  p e r c e n t  a t  589K 

(600°Fi f o r  LARC-2 specimens 

o 33 p e r c e n t  a t  575K (57S°F) 

and 21  p e r c e n t  a t  589K 

(600°F) f o r  LARC-3 specimens 

o 49 p e r c e n t  575K (57SVF) and 

53 p e r c e n t  a t  589K (600°F) f o r  

LARC-4 specimens 

o 56 p e r c e n t  a t  575K (575OF) f o r  

NR-150-B2X specimens.  



A t  57SK, t h e  m a t e r i a l s  p o s s e s s i n g  t h e  h i g h e r  T v a l u e s  r e t a i n e d  
g 

RT p r o p e r t i e s  b e t t e r  t h a n  t h o s e  w i t h  t h e  lower  T v a l u e s  ( T a b l e  
g 

11). LARC-4 and NR-150-B2X p o s s e s s i n g  t h e  h i g h e r  T v a l u e s  i n  
9 

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

t i o n  i n  s t r e n g t h .  

The e f f e c t  o f  adherend  t h i c k n e s s  on l a p - s h e a r  s t r e n g t h  is  

p r e s e n t e d  i n  F i g u r e  0 f o r  LARC-3 Kapton/Kapton bonds.  RT s t r e n g t h  

was found t o  b e  dependen t  upon t h e  t h i c k n e s s  o f  t h e  adhe rends .  

F a i l u r e  f o r  a l l  bonds  o c c u r r e d  i n  t h e  a d h e s i v e  e x c e p t  f o r  t h o s e  

specimens bonded w i t h  t h e  t h i n n e r  0.025 mrn (1 m i l )  Kapton adher -  

ends .  F i f t y  p e r c e n t  o f  t h e  f a i l u r e s  o f  t h e  0.025 rnm Kapton s p e c i -  

mens were a t t r i b u t e d  t o  t h e  a d h e s i v e  and  50 p e r c e n t  t o  t h e  

adherend.  (See F i g u r e  3 . )  F o r  t h e s e  p a r t i c u l a r  t h i n  f i l m  j o i n t s ,  

t h e  a d h e s i v e  w a s  as s t r o n g  a s  o r ,  i n  some caseE, s t r o n g e r  t h a n  

t h e  f i l m  t o  which it was bonded. 

I s o t h e r m a l  a g i n g  o f  l a p - s h e a r  spezimens compr i sed  o f  LARC 

and NR-150-B2X a d h e s i v e s  bonded t o  0.051 mm (2 m i l )  Kapton was 

performed i n  vacuum a t  575K. A f t e r  a g i n g  between 500 and 1000 

hou r s ,  b o t h  t h e  b a n d l i n e s  and adhe rends  darkened .  Room tempera-  

t u r e  l ap - shea r  s t r e n g t h s  o f  t h e  b o n d l i n e s  o b t a i n e d  a f t e r  0 ,  250, 

500, 1000,  1500,  2000, 3000 and 6000 h o u r s  o f  vacuum a g i n g  a r e  

shown i n  F i g u r e  9a. RT s t r e n g t h s  o f  a l l  of t h e  a d h e s i v e s  peaked  

a t  500 hou r s ,  i n d i c a t i v e  o f  a p o s t - c u r i n g  e f f e c t .  A f t e r  3000 

hou r s  o f  a g i n g  a t  575K, t h e  RT s t r e n g t h s  of  a l l  f o u r  a d h e s i v e s  

were s t i l l  i n c r e a s i n g ,  p r o b a b l y  due t o  a g r a d u a l  c r o s s l i n k i n g  o f  

t h e  polymer sys tems .  Somewhere between 3000 and 6000 h o u r s  



ag ing ,  t h e  Kapton bonds began t o  l o s e  RT s t r e n g t h .  With t h e  

excep t ion  of LARC-3, however, t h e  d e c l i n e  i n  3 t r e n g t h  a f t e r  

6000 hours  was minimal. 

F igu re  9b shows t h e  l ap - shea r  d a t a  f o r  t h e  specimens aged 

a t  575K i n  vacuum and t e s t e d  a t  575K. A l l  a d h e s i v e s  t e s t e d  a t  

e l e v a t e d  t empera tu re  i n c r e a s e d  i n  s t r e n g t h  w h i l e  a g i n g  f o r  t h e  

f i r s t  1000 hours .  A f t e r  1000 hour s ,  t h e  s t r e n g t h  o f  NR-150-B2X 

had reached approximate ly  620 kPa ( 9 0  p s i )  which was t h e  h i g h e s t  

l ap - shea r  s t r e n g t h  o b t a i n e d  f o r  any o f  t h e  a d h e s i v e s  t e s t e d  a t  

e l e v a t e d  tempera ture .  The h i g h e r  s t r e n g t h  of  NR-150-B2X a t  

575K was probably  due t o  t h e  h i g h e r  T o f  t h i s  m a t e r i a l .  The 
9 

s t r e n g t h  o f  LARC-4 specimens,  however, changed t h e  l e a s t  from 

0 t o  6000 hours  aging.  A l l  f o u r  adhes ive  sys tems  e x h i b i t e d  

e x c e l l e n t  r e t e n t i o n  o f  e l eva t ed - t empera tu re  s t r e n !  .h a f t e r  ag ing  

6000 hours  a t  575K. 

TMA was used t o  measure t h e  T v a l u e s  of  t h e  a c t u a l  adhes ive  
g 

Kapton/Kapton bond l ines  b e f o r e  and a f t e r  ag ing  i n  vacuum a t  575K. 

F igu re  10 shows a p l o t  o f  T v e r s u s  t i m e  a t  575K where each  symbol 
9 

r e p r e s e n t s  an average  o f  f o u r  d a t a  p o i n t s .  A f t e r  ag ing  f o r  500 

hour s ,  a l l  adhes ives  had reached  t h e  T s de te rmined  p r e v i o u s l y  
g 

f o r  t h e  f u l l y  cu red  palymers -by DSC (Table  1.). Between 1000 and 

3000 hours ,  T v a l u e s  of NR-150-B2X and LARC-4 remained c o n s t a n t ,  
g 

bu t  t h o s e  v a l u e s  o b t a i n e d  f o r  LARC-2 and LARC-3 were s t i l l  i n c r e a s -  

i ng .  With t h e  excep t ion  of LARC-3, t h e  T v a l u e s  o f  a l l  o t h e r  
9 

adhes ive  bond l ines  g r a d u a l l y  i n c r e a s e d  a f t e r  ag ing  3000 t o  6000 

hours .  



Examples o f  TMA c u r v e s  o b t a i n e d  from 1 cm x 1 c m  samples  

c u t  Erom t h e  a d h e s i v e  bonds a r e  p r e s e n t e d  i n  F i g u r e  11. The LARC-3 

c u r v e s ,  which a r e  r e p r e s e n t a t i v e  o f  t h e  LARC a d h e s i v e  ser ies ,  

showed an  i n c r e a s e  i n  T from 520K (477OF) t o  57lK( 568OF) on a g i n g  
9 

3000 hour s ,  b u t  no s i g n i f i c a n t  change i n  t h e  amouct o f  p robe  d i s -  

p l a c e m e n t , 5 ~ m  (0.19 m i l ) .  The T of NR-150-B2X specimens a l s o  
53 

r o s e  from 550K (531°F) a t  0  hou r s  t o  616K (64g°F) a f t e r  30GO hour s .  

Unl ike  LARC-3, t h e  probe d i sp l acemen t  f o r  NR-150-B2X b o n d l i n e s  was 

96 p e r c e n t  less a f t e r  ag ing  [from 51p (2 .0  m i l )  t o  2um (0 .08  m i l ) ] .  

Such behav io r  o f  t h e  NR-150-B2X c u r v e  a t  0 hours  a g i n g  demon- 

s t r a t e s  t h e  p l a s t i c i z i n g  o f  t h i s  m a t e r i a l  due t o  r e s i d u a l  NMP s o l -  

v e n t .  Upon c u r i n g  a t  e l e v a t e d  t e m p e r a t u r e ,  t h e  s o l v e n t  i s  t h e n  

removed. T h e r e f o r e ,  t h e  bonding p r o c e s s  used f o r  t h i s  a d h e s i v e  

was n o t  s u f f i c i e n t  f o r  comple te  s o l v e n t  removal. T h i s  a b i l i t y  

o f  NMP ;.o remain a t t a c h e d  t o  t h e  NR-150 polymers and o t h e r  po ly-  

imides  w e l l  o v e r  i t s  b o i l i n g - p o i n t  t e m p e r a t u r e  h a s  been r ecogn ized  

p r e v i o u s l y .  Whether o r  n o t  t h e  p re sence  of  NMP i n  t h e  NR-150-B2X 

Kapton/Kapton h o n d l i n e  i s  d e t r i m e n t a l  h a s  n o t  been proven a t  t h i s  

t i m e  . 
Conclus ions  

Four expe r imen ta l  po ly imide  m a t e r i a l s  , ,over ing a  75K (135°F) 

range  i n  T have been deve loped  a s  h igh- tempera ture  a d h e s i v e s  f o r  
g 

bonding Kapton f i l m .  A unique bonding p r o c e s s  r e q u i r i n g  on ly  20 

seconds a t  t h e  bonding t empera tu re  and minimal p r e s s u r e  was de- 

veloped which shows promise f o r  the l a r g e  s c a l e  banding  o f  t h i n  

Kapton s h e e t  f i l m  f o r  f u t u r e  l a r g e  s p a c e  s t r u c t u r e s .  A l l  f o u r  

of t h e  c a n d i d a t e  po ly imides  show e x c e l l e n t  p o t e n t i a l  a s  a d h e s i v e s  



f o r  Kapton bonding. NR-150-B2X and LARC-4, t h e  m a t e r i a l s  charac-  

t e r i z e d  by t h e  h igher  T s,  e x h i b i t e d  t h e  b e s t  r e t e n t i o n  o f  prop- 
g 

erties on long-term aging a t  e l e v a t e d  temperature i n  vacuum. 

The main advantage o f f e r e d  by t h e  LARC adhes ives  i s  t h a t  t h e s e  

m a t e r i a l s  can be supp l i ed  i n  t h e  form o f  a f l e x i b l e  t a p e  a l r e a d y  

B-staged and ready f o r  i n s t a n t  bonding. I n  a d d i t i o n ,  t h e  non- 

t o x i c  e t h e r  solvent ,diglyme,  from which t h e  LARC r e s i n s  were pre- 

pared, was e a s i l y  removed on bonding. This  d isa l lowed any 

p l a s t i c i z a t i o n  o f  t h e  polymers by s o l v e n t ,  a s  was observed 

wi th  NR-150-B2X. The r e l a t i v e l y  s imple bonding pro- 

cess and t h e  e a s e  i n  handling make t h e s e  adhes ives  a t t r a c t i v e  

f o r  use  i n  bonding Kapton f i lm.  
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