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SHORT-TERM AGING STUDY AT 

HALTHANE 73-18 AND 

A I R :  

A ninety-day aging s tudy  was performed on Halthane 73-18A t o  determine 

t h e  thermal aging e f f e c t s  due t o  t h e  presence of DABCO, a c a t a l y s t .  Samples 

were taken a f t e r  14 days, 30 days, 60 days, and 90 days of exposure t o  a i r  a t  

90°C. Tes t s  used t o  eva lua t e  aging e f f e c t s  were: r i n g  t e n s i l e ,  d i f f e r e n t i a l  

scanning ca lo r ime t ry ,  dynamic d i e l e c t r i c  spectroscopy,  and so lven t  swe l l .  

Resul t s  of t e n s i l e  t e s t s  i nd ica t ed  an i n c r e a s e  i n  t e n s i l e  p r o p e r t i e s  

t h a t  peaked a t  30 days and decayed t o  70% l o s s  of peak s t r e n g t h  i n  90 days.  

DSC, DDS, and so lven t  swe l l  d a t a  a l l  followed t h e  same t r end .  Comparative 

' a n a l y s i s  of a l l  d a t a  support  t he  hypothes is  t h a t  t h e  presence of DABCO 

inc reases  t h e  o x i d a t i v e  cleavage of t h e  polye ther  cha in  segment. 

INTRODUCTION 

Halthane 73-18 des igna tes  an MDI-terminated* polye ther  prepolymer t h a t  

has  been cured wi th  a mixture of 1 ,4-butanediol ,  t e t ramethylene  e t h e r  g l y c o l  

(1000 En),  and Quadrol ,  a c r o s s l i n t e r . t  n ~ l r i n g  t h e  e a r l y  development of 

a p p l i c a t i o n . t e c h n i q u e s  f o r  t h i s  base adhes ive  system, engineers  reques ted  

an  a c c e l e r a t i o n  of t h e  r e a c t i o n  r a t e  so  t h e  polymer could be  used i n  a r e a s  

r e q u i r i n g  s h o r t e r  f i x t u r i n g  items. Halthane 73-188 i s  t h e  same base system 
-$ conta in ing  0.02 phr DABCO, which a c t s  a s  a c a t a l y s t  f o r  t h e  MDI-diol po r t ion  

of t h e  r e a c t i o n .  

While DABCO s a t i s f a c t o r i l y  a c c e l e r a t e s  t h e  system, t h e r e  is  concern over 

i t s  e f f e c t  on t h e  molecular cha in  a t  e l eva t ed  temperatures .  To s tudy  t h i s  

behavior ,  we performed a short-term aging s tudy .  Samples were taken a f t e r  

*MDI is  4 , 4  '-Diphenylme thane d i i socyanate  . 
t u a d r o l  - N,  N ,N '  ,N' - t e t r a k i s  (2-hydroxy propyl)  e thylene  diamine (Wyandotte 
Chemical Corporation) . 

'bABC0 - t r i e  thylene diamine (Houdry Process  Corporation) . 
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14 days,  30 days, 60 days,  and 90 days of exposure t o  a i r  a t  9 0 ' ~ .  One master  

ba tch  of Halthane 73-188 was prepared and c a s t  i n t o  s h e e t  forms t o  s e r v e  f o r  

a l l  aging t e s t s .  A t  t h e  end of each sampling per iod ,  a  sample shee t  was 

removed from t h e  oven and allowed t o  e q u i l i b r a t e  t o  ambient cond i t i ons  f o r  a t  

l e a s t  16 hours be fo re  t e s t i n g .  To d i f f e r e n t i a t e  between normal o x i d a t i v e  

cleavage and any i n c r e a s e  due t o  t h e  e f f e c t s  of DABCO, Hal thane 73-18 was 

used a s  a  c o n t r o l .  

TEST RESULTS 

Since the  l o s s  of m e c h a n i c a l p r o p e r t i e s  was of prime concern, r i n g  

t e n s i l e  t e s t s  were t h e  l o g i c a l  f i r s t  means of eva lua t ion .  The r ing - t ens i l e -  

tes t  r e s u l t s  (Table 1) c l e a r l y  show an i n i t i a l  improvement followed by l o s s  

of mechanical p r o p e r t i e s  ( s e e  F igs .  1 and 2 ) .  

The maxima i n  breaking s t r e s s  and s t r e s s  moduli a t  30 days show t h e  

e f f e c t  of hea t  and t h e  a c c e l e r a t o r  DABCO on t h e  s t a t e  of cure .  From t h e  work 

of A .  Singh,* we a l r eady  knew t h a t  ox ida t ive  degrada t ion  i n  polye ther  ure thane  

i s  by s c i s s i o n  of t h e  polyether-chain segment. While some ox ida t ive  s c i s s i o n  

does appear t o  t ake  p l ace  i n  t h e  Halthane 73-18, t h e  r a t e  of degrada t ion  i s  

s i g n i f i c a n t l y  lower than  i n  Halthane 73-18A. 

Another i n d i c a t i o n  of the  a c t i v i t y  of DABCO is  observed by comparing t h e  

30-day samples of 73-18 and 73-188 (Table 1). Af te r  30 days a t  90°C, Halthane 

73-18A showed an  18% higher  breaking s t r e s s  than Halthane 73-18. It i s  

apparent  t h a t  two opposing processes  a r e  a t  w o r k a t  t h e  same time: an  inc rease  

i n  t h e  s t a t e  of cure  and c r o s s l i n k  dens i ty ,  and a s c i s s i o n  process .  The 

inc rease  i n  c r o s s l i n k  d e n s i t y  was t h e  dominant process  u n t i l  sometime a f t e r  

30 days a t  90°C, t h e  s c i s s i o n  process  becoming dominant t h e r e a f t e r .  

E i t h e r  l o s s  of hard-sect ion aggrega tes  o r  damage t o  s o f t  s e c t i o n s  could 

account f o r  t h e  l o s s  of mechanical p r o p e r t i e s  a f t e r  30 days. We used 

d i f f e r e n t i a l  scanning ca lor imet ry  (DSC) t o  examine t h e  s t a t e  of t h e  hard-sec t ion  

c r y s t a l l i n i t y  ( s e e  Fig.  3 ) .  The DSC r e s u l t s  on Halthane 73-18A i n d i c a t e  C w u  

c r y s t a l l i n e  t r a n s i t i o n s :  a minor endotherm shows a  low-order t r a n s i t i o n  t h a t  

peaked i n  t h e  50-70°C range ,  and a more pronounced endotherm shows a  t r a n s i t i o n  

*A. Singh, "Chemical Stress Relaxat ion i n  Crossl inked Polyurethane Elastomers," 
i n  Advances in Urethnne Science and TechnoZogy, VoZ. Z (Technomic, S tanford ,  
'Co., 1971),  Kurt  C .  F r i s ch ,  ed. 



T a j l e  1. T e n s i l e  p r o p e r t i e s  - Hal thane  73-18 and 73-18A a f t e r  a g i n g  a t  90°C i n  a i r .  

P r o p e r t y  

1 4  days  30 days  60 days  90 days  

73-18 73-188 73-18 73-188 73-18 73-188 73-18 73-18A 

I 
W 
I 

I n i t i a l .  modulus, MFa 5.08 6.24 4 .61 7.13 4.16 4.99 3 .65 3.33 

Mid-renge modulus, MPa 3.89 4.49 3.10 5.02 2 .55 3.25 2.12 2.03 

Breaking stress, MFa 46.23 35.37 41.29 50.45 39.95 32.54 31.14 15.16 

S t r a i ~  a t  r u p t u r e  4.83 4.38 5.40 4.73 6.19 6.05 6.82 6.33 



0 Hal thane 73-18A 1 
Days a t  90°C 

Fig.  1. E f f e c t  of aging on breaking s t r e s s  
of sample and c o n t r o l .  



Fig. 2 .  E f f e c t  o f , a g i n g  on engineering s t r a i n  
of sample and c o n t r o l .  
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F i g .  3 .  DSC of Halthane.73-18A a f t e r  v a r i o u s  t imes  a t  90°C i n  a i r .  A l l  DSC 
t e s t s  c o n s i s t e d  o f  two s c a n s .  Scan 2 i s  t y p i c a l  of a n  immediate 
r e p e a t  f o r  a l l  tests. 
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t h a t  peaked i n  t h e  110-125°C range.  The minor endotherm is  thought  t o  b e  due  t o  

c r y s t a l l i n i t y  i n  t h e  p o l y e t h e r  c h a i n ,  w h i l e  t h e  major  endotherm i s  due t o  t h e  

h a r d - s e c t i o n  c r y s t a l l i n i t y .  S e v e r a l  p e r t i n e n t  s t a t e m e n t s  can b e  based on t h e s e  

r e s u l t s  . 
The volume of h a r d - s e c t i o n  c r y s t a l l i n i t y  r e a c h e s  a maximum a f t e r  30 

days  a t  90°C and d e c r e a s e s  t h e r e a f t e r ,  shown by t h e  h igh- tempera tu re  endotherm 

r e a c h i n g  i t s  maximum v a l u e  a t  30 days .  * .. The " p e r f e c t i o n "  of remaining c r y s t a l l i t e s  improves w i t h  t ime  a t  

t e m p e r a t u r e ,  a s  i n d i c a t e d  by t h e  s h i f t  of  t h e  endotherm t o  h i g h e r  t e m p e r a t u r e s .  

The DSC on Hal thane  73-18 i s  somewhat d i f f e r e n t  ( F i g .  4 ) .  It shows no 

s i g n i f i c a n t  c r y s t a l l i n i t y  i n  t h e  p o l y e t h e r  c h a i n  b e f o r e  90 days  a t  90°C. There  

i s  no d r a m a t i c  l o s s  of ha rd-sec t ion  c r y s t a l l i n e  volume and t h e  " p e r f e c t i o n "  of 

h a r d - s e c t i o n  c r y s t a l l i t e s  a p p e a r s  t o  s t a b i l i z e  sometirne a f t e r  1 4  days  a t  9 0 ' ~ .  

I t  i s  a p p a r e n t  t h a t  DABCO d r i v e s  t h e  u r e t h a n e  r e a c t i o n  t o  a h i g h e r  

d e g r e e  of complet ion.  The l o s s  of c r y s t a l l i n e  volume i n  t h e  aged Hal thane  

73-18A is  n o t  enough t o  account  f o r  t h e  b r e a k i n g - s t r e s s  l o s s ,  s i n c e  abou t  t h e  

same l e v e l  of c r y s t a l l i n i t y  i n  t h e  aged H a l t h a n e  73-18 ( a s  shown by high-  

t empera tu re  endotherms i n  F i g s .  3  and 4 f o r  60 o r  90 days)  y i e l d s  much h i g h e r  

s t r e n g t h .  We t h e r e f o r e  tu rned  o u r  a t t e n t i o n  t o  t h e  c o n d i t i o n  of t h e  s o f t  

s e c t i o n .  It h a s  a l r e a d y  been demonstra ted t h a t  s c i s s i o n  i n  t h e  s o f t  s e c t i o n  

produces  an  i n c r e a s e  i n  c h a i n  ends ,  which i n  t u r n  lowers  t h e  s o f t - s e c t i o n  

g l a s s  t r a n s i t i o n  t empera tu re  (T  ).* I f  T  i s  a f f e c t e d ,  t h e  a c t i v a t i o n  energy f o r  
6 !2 

t h e  s o f t - s e c t i o n  r o t a t i o n  shou ld  a l s o  b e  a f f e c t e d .  To e v a l u a t e  t h i s ,  we used 

dynamic d i e l e c t r i c  spec t roscopy  (DDS). Two f r e q u e n c i e s  (100 Hz and 1 kHz) were  

used t o  o b s e r v e  t h e  d i s p e r s i o n  of s o f t - s e c t i o n  r e g i o n s .  The h e a t i n g  r a t e  was 

h e l d  c o n s t a n t  a t  0.5OC/min from -40°C t o  150°C. The r e s u l t s  of t h i s  DDS a r e  

shown i n  T a b l e  2 ,  where i t  shou ld  b e  no ted  t h a t  t h e  quoted a c t i v a t i o n  e n e r g i e s  

a r e  approximate  and a r e  o n l y  used t o  demons t ra te  a  t r e n d .  A c t i v a t i o n  e n e r g i e s  

a r e  more p r o p e r l y  measured a t  f i v e  f r e q u e n c i e s .  

The t r e n d  toward lower a c t i v a t i o n  e n e r g i e s  and lower t e m p e r a t u r e s  f o r  t h e  

100-Hz d i s p e r s i o n  peak is  c o n s i s t e n t  w i t h  a l o s s  of molecu la r  we igh t  and a n  

a s s o c i a t e d  i n c r e a s e  in' c h a i n  ends .  I n  a d d i t i o n  t o  t h e  above s u b t l e  t r e n d ,  a  

t r a n s i t i o n  was no ted  a t  h i g h e r  t e m p e r a t u r e s  t h a t  more c l e a r l y  e s t a b l i s h e d  

s c i s s i o n  i n  t h e  s o f t  s e c t i o n  ( s e e  T a b l e  3 ) .  

*J. J .  A k l o n i s ,  W .  J .  MacKnight, and M.  Schen, Introducti.on t o  PoZ.ymer 
~ i s c o e Z a s t i c i t y  (John Wiley & Sons,  New York, 1972) ,  p.  42. 



Fig. 4.  DSC of Halthane 73-18 a f t e r  var ious  times a t  90°C i n  a i r .  A l l  D S C .  

t e s t s  cons i s t ed  of two scans .  Scan 2 i s  t y p i c a l  of an immediate 
r epea t  f o r  a l l  t e s t s .  
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Table 2 .  Temperatures of DDS d i s p e r s i o n  peaks.  

Hal thane 73-18A 

i 4  days 30 days G O  days  90 days 

D i s p e r s i p  peak a t  -16 -18 -1 9 -20 
100 Hz ,  C 

Ac t iva t ion  energy, 4 4 3 8 3 6 30 
k c a l  /mole 

Hal thane  7 3- 1 8 

D i s p e r s i ~ n  peak a t  -1 7 -15 
100 Hz, C 

Act iva t ion  energy, 4 4 4 5 
kcal/mole 

Table  3.  Temperatures ( O C )  of t h e  high-temperature d i s p e r s i o n  peak i n  DDS 
a t  100 Hz. 

14 days 30 days 60 days 90 days 

Hal thane  73-188 

Hal thane 73-18 

.. , 
The t r a n s i t i o n  observed a t  h ighe r  tempera tures  i s  r e v e r s i b l e  w i th  

temperature .  The s h i f t  of t h i s  event  t o  lower temperatures  wi th  ag ing  time 

p a r a l l e l s  t h e  same t r end  noted i n  t e n s i l e  p r o p e r t i e s .  C r y s t a l l i n i t y  of t h e  hard . 

s e c t i o n  does not appear  t o  b e  involved,  s i n c e  t h e  high-temperature d i s p e r s i o n  

appears  a t  tcmpcratures  below t h e  d i s s o r . i a t i o n  tempera ture  of t h e  hard-sec t ion  

aggrega tes  i n  aged Hal thane 73-18A. The element responding dur ing  t h i s  d i s p e r s i o n  



is probably t h e  inc reas ing ly  l a r g e r  volume of so f t - s ec t ion  cha in  ends and i s  

t h e  f i r s t  s i g n  of approaching t h e  mel t  t r a n s i t i o n  temperature (T ) .  It  i s  m 
i n t e r e s t i n g  t o  n o t e  t h a t  s o f t - s e c t i o n  damage was observed d i e l e c t r i c a l l y  a f t e r  

14 days i n t o  t h e  aging s tudy  by t h e  s h i f t  of t h e  high-temperature d i s p e r s i o n  

peak, which is  i n  r h e  reg ion  of T a s  compared t o  unaged c o n t r o l s .  
m ' 

We confirmed change i n  c r o s s l i n k  d e n s i t y  by us ing  so lven t  swe l l  measure- 

ments (Table 4 ) .  

Table 4.  Solvent swe l l  ( i n  to luene)  of  aged samples. Solvent  swe l l  i s  
. exp res sed  a s  percent  i nc rease  over a  con t ro l  cured 90 days a t  room 

ten~pera ture .  

Polymer 14 days 30 days 60 days 90 days 

Halthane 73-188 

Halthane 73-18 12% 2.1% 2 8% 3 9% 

Conclusion 

We have demonstrated t h a t  t h e  presence of DABCO c o n t r i b u t e s  t o  an in -  

c r ease  i n  o x i d a t i v e  cleavage i n  polye ther  ure thanes  a t  90°C i n  a i r .  While t h e r e  

is  evidence t o  i n d i c a t e  some decrease  i n  hard-sect ion volume, t h e  major damage 

due t o  t h i s  c leavage appears  t o  be centered  i n  t h e  s o f t  s e c t i o n s .  An i n c r e a s e  

i n  cha in  ends negates  t h e  h igh  s t r e n g t h  p o t e n t i a l  of remaining hard s e c t i o n s  

because of t h e  decreased c o n s t r a i n t  of t h e  hard s e c t i o n s  i n  t ens ion .  
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