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1. 

I .- OBJECTIVE 

Union Carb ide  C o r p o r a t i o n ,  Chemica l s  and P l a s t i c s  
O p e r a t i o n s  D i v i s i o n ,  h a s  agreed t o  a s s i s t  t h e  J e t  P r o p u l s i o n  
L a b o r a t o r y ,  C a l i f o r n i a  I n s t i t u t e  of Technol.ogy, on a l e v e l  
of e f f o r t  b a s i s ,  i n  t h e  development of a new o r  j-mproved 
polymer ic  b i n d e r  f o r  advanced s o l i d  p r o p e l l a n t  and h y b r i d  
p r o p e l l . a n t  g r a i n s .  .The g e n e r a l  o b j e c t i v e s  are  d e s c r i b e d  i n  
Q u a r t e r l y  Report  N o .  1. 

11. ABSTRACT 

The c o n t i n u o u s  st irred a u t o c l a v e  r e a c t o r  sys tem 
h a s  been mod i f i ed  by t h e  a d d i t i o n  of automated p r e s s u r e  
c o n t r o l s .  The reactor i tself  h a s  been r e p l a c e d  by a n o t h e r  
u n i t  w i t h  a h i g h e r  p r e s s u r e  r a t i n g ,  The new system can 
o p e r a t e  e f f e c t i v e l y  a t  3 5 , 0 0 0  p s i .  

A m e l t  p r o c e s s  employing no s o l v e n t  and u s i n g  
po ta s s ium hydroxide  d i s p e r s e d  a t  300°C i n  t h e  polymer m e l t  
h a s  been found t o  g i v e  r a p i d  and q c n n t i t a t i v e  e l i m i n a t i o n  
of H B r  f r o m  e thylene/neohexene telomers w i t h  a minimum of  
r ea r r angemen t  t o  v i n y l i d e n e  t y p e  C=C. Processes u s i n g  sol-  
v e n t s  w e r e  e i t h e r  n o t  a s  f a s t ,  gave a l a r g e  amount of re- 
a r r a n g e d  p r o d u c t  o r  b o t h .  

A new series of t e lomers  has  been p r e p a r e d ,  t h i s  
g roup  hav ing  e t h y l e n e  and propylene  a s  comonomers and 
h a v i n g  B r C C 1 3 ,  a-bromo i s o b u t y r i c  acid and i t s  t - b u t y l  es ter  
as t h e  t e l o g e n s .  A combinat ion of l o w  v i s c o s i t y  and v e r y  
l o w  p e n e t r a t i o n  t e m p e r a t u r e  make t h e s e  telomers v e r y  a t -  
t r a c t i v e  as  s o l i d  p r o p e l l a n t  b i n d e r  p r e c u r s o r s .  
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111. SCOPE OF PROJECT 

The scope  of t h i s  work has been  e n l a r g e d  t o  i n -  
c l u d e  an examinat ion  of o t h e r  copolymers of  e t h y l e n e  which 
o f f e r  the promise of a s a t u r a t e d  hydrocarbon binder w i t h  
g r e a t l y  improved low t empera tu re  and v i s c o s i . t y  p r o p e r t i e s .  

IV. I N T R O D U C T I O N  

I n  o u r  l a s t  Q u a r t e r l y  Repor t  we d i s c u s s e d  t h e  
s t a r t u p  o f  o p e r a t i o n s  i n  t h e  con t inuous  s t i r r e d  a u t o c l a v e  
r e a c t o r .  Reac t ion  c o n d i t i o n s  and p r o d u c t  g o a l s  e s t a b l i s h e d  
d u r i n g  t h e  explora . tory  phase  of o u r  e f f o r t  were used  as 
p o i n t s  of r e f e r e n c e  f o r  e thylene/neohexene te lo iners  syn- 
t h e s i s  i n  the con t inuous  r e a c t o r .  E f f e c t i v e  c o n t r o l  o f  
teloiner molecu la r  we igh t  w a s  a t t a i n e d  by s u i t a b l e  c h o i c e  of 
reactor  r e s i d e n c e  t i m e s  and t e l o g c n  c o n c e n t r a t i o n .  .Uniform 
p r o d u c t s  of h i g h  f u n c t i o n a l i t y  w e r e  o b t a i n e d  from these runs. 

W e  a l so  r e p o r t e d  t h e  f u r t h e r  improvement o f  t h e  
dehydrobromination/ozonolysis r o u t e  f o r  e f f i c i e n t  c o n v e r s i o n  
of B r  t o  COOH endgroups i n  t h e  t e l o m e r s  of e thylene /neohexene .  

I n  t h i s  r e p o r t  w e  w i l l .  p r e s e n t  a d e t a i l e d  des-  
c r i p t i o n  of ou r  con t inuous  t e l o m e r i z a t i o n  u n i t .  W e  w i l l  
a lso r e p o r t  a s o l v e n t  f ree  method f o r  e f f i c i e n t l y  dehydro- 
b romina t ing  t h e  t e r m i n a l  bromide i n  e thylene/neohexene 
telomers. T h i s  bu lk  polymer m e l t  o p e r a t i o n  a v o i d s  t h e  

, p o s s i b i l i t y  of r e - e s t e r i f y i n g  t e r m i n a l  COO13 groups  upon 
workup, and i s  a l s o  more p r a c t i c a l  on a l a r g e r  s c a l e  t h a n  
t h e  prev i ’ous ly  used  methods. 

I 
I 

I 

E x p l o r a t o r y  b a t c h  t e l o m e r i z a t i o n s  of e t h y l e n e  w i t h .  
p r o p y l e n e  i n  o u r  s m a l l  r e a c t o r  have g i v e n  t e lomer  samples  
hav ing  v e r y  promis ing  low t empera tu re  p r o p e r t i e s .  I n  t h i s  
report  w e  w i l l  g i v e  t h e  r e s u l t s  of  t h e s e  t e l o m e r i z a t i o n s  and 
w i l l  a l so  d e s c r i b e  t h e  p r e p a r a t i o n  o f  l a r g e r  q u a n t i t i e s  of  
t h e s e  new t e l o m e r s  i n  t h e  cont inuous  r e a c t o r .  



V. TECHNICAL DISCUSSION 

3 .  

A. Modification of The Continuous 
Stirred-Autoclave Reactor 

In section C of the technical discussion of our 
last Quarterly Report we described the use of a continuous 
stirred autoclave reactor for t h e  preparation of ethylene 
neohexene copolymers by telomerization. The reactor itself 
was of 1.5 liter capacity and could operate at pressures up 
to 20,000 psi. We used this reactor to prepare telomers at 
rates between 30 and 150 grams per hour, depending upon the 
conditions employed. Control of the pressure was obtained 
by manual adjustment of a throttle valve which controlled 
rate of removal of product from the reactor. 

We have recently replaced the original 20,000 psi 
reactor with another similar reactor rated at 40,000 psi, 
and have added automatic pressure control features which 
permit a more uniform operation. 

Figure 1 shows a schematic drawing of the modified 
continuous reactor unit. The legend on the following page 
identifies the numbered components. 

Essentially, the same procedure is followed with 
the new system as was used in our previous unit. The only 
differences are the automatic control of pressure and the 
higher pressure limit. The upper pressure limit is set by 
the pneumatic pressure transmitter ( 8  in Figure 1) which 
has a maximum pressure rating of 35,000 psi. 

We will be conducting most of our telomerizations 
near this upper limit in order to maximize the rate of pro- 
pagation. This will improve the productivity, and will allow 
.a higher concentration of telogen to be used. 

In subsequent discussion, our original system with 
the 20,000 psi rated reactor will be designated "Unit I" 
and the present system with an upper limit of 35,000 psi 
will be called "Unit 11". 
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6. 

B .  Ethylene/Neohexene TelomerReact ion 
S t u d i e s  : Dehydrobromination 

I 

During t h e  p a s t  q u a r t e r  w e  have con t inued  o u r  s t u d y  
of t h e  c o n v e r s i o n  of tel-omer ha logen  f u n c t i o n a l i t y  t o  COOII 
f u n c t i o n a l i t y .  A major  p a r t  of t h i s  s t u d y  d e a l s  w i t h  t h e  
telomer dehydrobrominat ion  r e a c t i o n  i t s e l f .  

' 

I 
All of t h e  f o l l o w i n g  r e s u l t s  were o b t a i n e d  f o r  

e thylene /neohexene  telomers where t h e  t e l o g e n s  used  w e r e  

The s t r u c t u r e  of t h e s e  t e lomcrs  i s  g i v e n  by t h e  formula  
I a -b romoisobu ty r i c  acid (CTAC) and i t s  t-butyl es te r  (CTAD) . 
I be l o w  : 

R '  I YH3 4 0 
H-C-CHT ( !H-CH,) - C - C, 

I n CH3 I OR 
EK 

where R i s  H o r  - t - b u t y l  

R' i s  predominant ly  - t - b u t y l  

R" is H ,  - t -bu ty1 ,or  me thy l  

Our p r e v i o u s l y  r e p o r t e d  p rocedure  c o n s i s t e d  of re- 
f l u x i n g  t h e  t e lomer  i n  a c o n c e n t r a t e d  s o l u t i o n  of KOH i s  n- 
b u t a n o l  ( 1 0 0  g .  p e r  500 m l .  o f  s o l v e n t ) .  The b u t a n o l  w a s -  
t h e n  removed by steam d i s t i l l a t i o n  and t h e  p r o d u c t  r ecove red  
by a c i d i f i c a t i o n  w i t h  a c e t i c  a c i d  and e x t r a c t i o n  i n t o  hexane 
or h e p t a n e ,  fo l lowed by e v a p o r a t i o n  t o  g i v e  t h e  dehydro- 
b romina ted  copolymer.  T h i s  p r o c e d u r e  s a t i s f a c t o r i l y  e l i m i n -  
a ted  a l l  of t h e  t e r m i n a l  halogen and gave a p r o d u c t  w i t h  
t e r m i n a l  doub le  bonds.  The t e r m i n a l  ester groups  from t h e  
t e l o g e n  o r  i n i t i a t o r  were also s a p o n i f i e d  and c o n v e r t e d  t o  
COOH . 
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T h i s  p r o c e d u r e ,  however, had a f e w  drawbacks: 

An i n e r t  a tmosphere was n e c e s s a r y  t o  a v o i d  da rk  
c o l o r e d  p r o d u c t s ,  presumably a r i s i n g  f r o m  
b u t a n o l  o x i d a t i o n .  

Removal o f  a l l  traces of b u t a n o l  s o l v e n t  was 
r e q u i r e d  p r i o r  t o  a c i d i f i c a t i o n  and workup. 
T h i s  w a s  t o  a v o i d  r e - e s t e r i f i c a t i o n  of t h e  
t e r m i n a l  COOH groups  i n t r o d u c e d  by t h e  
t e l o g e n  or i n i t i a t o r .  

Small  amounts of v i n y l i d e n e  t y p e  doub le  bonds 
r e s u l t e d  from t h e  dehydrobrominat ion.  

S i n c e  problems 1) and 2) r e s u l t e d  d i r e c t l v  from 
t h e  b u t a n o l  u s e d - a s  t h e  s o l v e n t  and problem 3) migh i  have  
been i n d i r e c t l y  r e l a t e d  t o  t h e  s o l v e n t  u sed ,  w e  conducted  
a series of expe r imen t s  i n  which no b u t a n o l  w a s  used  i n  
most of t h e  t r i a l s .  The c o n d i t i o n s  used  are summarized 
below: 

a )  Base used:  po tass ium acetate 
S o l v e n t  used:  molten po ta s s ium acetate  
Temperature  : 300,OC 

I n  t h i s  p rocedure  t h e  telomer i s  added t o  a f l a s k  
c o n t a i n i n g  mol ten  po ta s s ium a c e t a t e  a t  30OoC. For 3 g .  of 
telomer, 5 0  g. of KOAc w a s  used. The r e s u l t i n g  s o l u t i o n  w a s  
s t i r r e d  under  an  i n e r t  atmosphere f o r  10 minu tes  and t h e n  
a l lowed  t o  c o o l .  The so l id  r e a c t i o n  m i x t u r e  was t h e n  t a k e n  
up i n  water ,  made a c i d i c  w i t h  ace t ic  a c i d  and t h e  t e l o m e r  
r e c o v e r e d  by e x t r a c t i o n  w i t h  hep tane .  

b )  Base used:  po tass ium hydrox ide  
S o l v e n t  used:  n-butanol  - 
Temperature:  117OC, r e f l u x  

T h i s  i s  t h e  o l d  procedure ,  p r e v i o u s l y  d i s c u s s e d ,  
w i t h  steam d i s t i l l a t i o n  used t o  comple t e ly  remove t h e  
b u t a n o l  upon workup. 
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c) B a s e  used:  sodium hydroxide  
S o l v e n t  used:  none 
Temperature:  25OoC 

I n  t h i s  procedure  t h e  telomer i s  h e a t e d  t o  between 
1 5 0  and 2OO0C under  a stream of n i t r o g e n ,  and a n  aqueous 
s o l u t i o n  of  a 2 t o  3- fo ld  amount (based upon t o t a l  Br-and 
-COOR e q u i v a l e n t s  i.n t h e  te lomer  sample)  of sodium hydroxide  
i s  added dropviise w i t h  s t i r r i n g .  A f t e r  t h e  a d d i t i o n  i s  
complete and a l l  water h a s  been d r i v e n  o f f ,  t h e  t empera tu re  
i s  r a i s e d  t o  25OoC and k e p t  t h e r e  f o r  1 0  min. Workup as 
i n  ( a ) .  

d)  

e )  

Base used:  po tass ium hydroxide  
S o l v e n t  used:  none 
Temperature:  3 O O 0 C  

The same sequence of o p e r a t i o n s  as i n  ( c ) .  

Base used:  potassium - t - b u t o x i d e  
S o l v e n t  used:  t o l u e n e  
Temperature:  l l O ° C  , ref l u x  

I n  t h i s  p rocedure  t h e  telomer is r e f l u x e d  fo r  6 5  
h r s .  under  an i n e r t  atmosphere i n  a t o l u e n e  s o l u t i o n  con- 
t a i n i n g  a 2-fold amount (based upon t o t a l  e q u i v a l e n t s  
B r  0 and-COOH p r e s e n t  i n  t h e  tel.omer) o f  po ta s s ium t -bu tox ide ,  
and t h e  r e s u l t i n g  aqueous suspens ion  of t h e  copolymer i s  
a c i d i f i e d  w i t h  ace t ic  acid and t h e  p r o d u c t  i s  recove red  by 
h e p t a n e  e x t r a c t i o n .  

The p r o d u c t s  were r ecove re2  from a l l  of t h e s e  pro-  
c e d u r e s  i n  e s s e n t i a l l y  q u a n t i t a t i v e  y i e l d  as s l i g h t l y  c loudy 
l i g h t  amber o i l s ,  g i v i n g  a n e g a t i v e  B e i l s t e i n  t es t .  Double 
bond fo rma t ion  w a s  shown by t h e  appearance  of o l e f i n i c  
p r o t o n  s i g n a l s  i n  t h e  NMR S p e c t a  as w e l l  as t h e  charac-  
t e r i s t ic  hydrogen-carbon bond de fo rma t ion  bands i n  t h e  f i n g e r -  

' p r i n t  r e g i o n  of t h e  i n f r a r e d  spectra.  S t r o n g  a b s o r p t i o n  
n e a r  970  c m - 1  showed t h e  p re sence  of CH=CH ( t r a n s ) ,  and a 
much weaker a b s o r p t i o n  near 890 c m - 1  showed t h e  p r e s e n c e  
Of 'C=CH ( v i n y l i d e n e ) .  The l a t t e r  a b s o r p t i o n  w a s  much 

more a p p a r e n t  i n  t h e  s p e c t r a  of  p r o d u c t s  p r e p a r e d  w i t h  
method "a" o r  "b" . 

/ 2 
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Considering only the yield (nearly quantitative.) 
and the residual halogen content (negative Beilstein test) 
of the final product, all four procedures gave equivalent 
results. However, the distribution of double bond types 
produced was different in each of the procedures evaluated. 
We observed an interesting correlation between the type of 
C=C functionality introduced and the polarity of the re- 
action medium. Table I shows the results we obtained when 
the products from the various dehydrobromination procedures 
were analyzed for double bond content by infrared spectro- 
scopy.* 

The vinyl content in all the examples shown can 
only arise from the loss of HBr by B-elimination from an 
ethylene end residue: 

8 H ’ -C cOH.G Base -HBr3 CH2=CH-Polymer ’-$ I -Polymer 
G B r  H 

whereas, the vinylidene and the trans-internal double bonds 
can only arise from elimination of HBr from a neohexene 
residue. The trans-internal result from the B-elimination 
reaction which we have discussed in previous reports: 

CH CH 4 / . 3  
CH ‘c‘ 
J-\ /H 

Polymer 
/J=c- \ 
H 

CH 3\ /CH3 rn Base 
CH3- C - H  

\ d-/ 
H,’C -CH- Polymer 

G! 
-HBr 
__j 

* See the Appendix for the method which was used in this 
analysis. 
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The v i n y l i d e n e  double  bonds p robab ly  r e s u l t  f r o m  
a un imolecu la r  d i s s o c i a t i o n ,  fo l lowed by a carbonium i o n  
rear rangemcn t : 

3 /CH3 CH 
\ 

- B r  0 0 0 Polymer 

2 _I_) CH3\ C-CH 
2'polymer 

CH 
8 'C-C-CH2 -H 

/ I  I 
> / C - CH-Polymer 2 

CH3 CH3 CH3 CH3 

The carbonium i o n  f o r m a t i o n  i s  f a v o r e d  i n  h i g h l y  
p o l a r  r e a c t i o n  media which can s u p p o r t  cha rge  s e p a r a t i o n .  
Once formed,  t h e  n e o p e n t y l  carbonium i o n  undergoes a f a c i l e  
1, 2 me thy l  m i g r a t i o n  l e a d i n g  t o  t h e  more s t a b l e  t e r t i a r y  
carbonium i o n ,  which i n  t u r n  loses a p r o t o n  t o  g i v e  t h e  
v i n y l i d e n e  f u n c t i o n a l  group.  

Our expe r imen t s  a r e  i n  accord w i t h  t h i s  g e n e r a l -  
i z a t i o n  i n  t h a t  t h e  g r e a t e s t  amount of  v i n y l i d e n e  i s  formed 
i n  t h e  h i g h l y  p o l a r  mo l t en  po ta s s ium acetate  medium of  
method "a". I n  methods ' I C " ,  "d", and ''e'' t h e  r e a c t i o n  media 

' are non-polar  and much less v i n y l i d e n e  i s  formed. Method 
"b" i s  i n t e r m e d i a t e  i n  t h i s  r e s p e c t .  

S i n c e  v i n y l i d e n e  endgroups l e a d  t o  methyl  k e t o n e  
f u n c t i o n a l  g roups  upon o z o n o l y s i s ,  a subsequen t  o x i d a t i o n  

' s t e p  ( u s i n g ,  f o r  example,  sodium hypobromite)  i s  r e q u i r e d  
f o l l o w i n g  p r o c e d u r e s  ''a'' and "b" t o  o b t a i n  t h e  h i g h e s t  
possible COO11 f u n c t i o n a l i t y .  Because of t h i s  w e  f a v o r  t h e  
l a t t e r  t w o  methods.  Method 'Id" i s  e s p e c i a l l y  a t t r a c t i v e ,  
s i n c e  no s o l v e n t  i s  r e q u i r e d ,  and s i n c e  a comple te  react ion 
i s  o b t a i n e d  i n  v e r y  s h o r t  r e a c t i o n  t i m e s .  
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C.  E thylene /Propylene  Telomers as 

I '  

S a t u r a t e d  Amorphous B i n d e r  P r e c u r s o r s  

1) P r e p a r a t i o n  

P r e v i o u s  t o  t h e  l as t  q u a r t e r ,  t h e  scope  of o u r  
program w a s  r e s t r i c t e d  t o  t h e  s y n t h e s i s  and e v a l u a t i o n  of 
copolymers of e t h y l e n e  w i t h  neohexene as s a t u r a t e d  hydro- 
carbon b i n d e r  p r e c u r s o r s .  An o l e f i n i c  comonomer is  nec- 
e s s a r y  t o  p r e v e n t  c r y s t a l l i z a t i o n  of t h e  e t h y l e n e  u n i t s  i n  
t h e  polymer backbone, which l e a d s  t o  s o l i d  waxes,  u s e l e s s  
as p r o p e l l a n t  b i n d e r s .  Neohexene w a s  t h e  m o s t  a t t r a c t i v e  
c h o i c e  of t h e  p o s s i b l e  a - o l e f i n  comonomers because  i t  con- 
t a i n s  no a l l y l i c  hydrogen atoms. O the r  a - o l e f i n s ,  such  
as p ropy lene  or bu tene -1  were n o t  s e r i o u s l y  c o n s i d e r e d  a t  
t h e  beg inn ing  of t h i s  program. 

A t  t h a t  p o i n t  we depended upon recombina t ion  of  
growing polymer r a d i c a l s  wi th  i n i t i a t o r  radicals  ( p r e s e n t  
i n  much h i g h e r  t h a n  normal " c a t a l y t i c "  amounts) t o  p r o v i d e  
f u n c t i o n a l  groups  upon t h e  cha in  ends .  The d e l e t e r i o u s  
e f f e c t  of c h a i n  t r a n s f e r  to  comonomer upon t h e  f u n c t i o n a l i t y  
of t h e  p r o d u c t  was t o  be avoided i f  a t  a l l  p o s s i b l e .  

More r e c e n t l y  however, we have been u s i n g  ex- 
t r e m e l y  r e a c t i v e  c h a i n  t r a n s f e r  a g e n t s  ( t e l o g e n s )  t o  p l a c e  
t h e  f u n c t i o n a l  groups  upon t h e  c h a i n  ends .  These t e l o g e n s  
have  an a c t i v e  ha logen  atom which i s  much more r e a d i l y  ab- 
stracted t h a n  an a l l y l i c  hydrogen atom. I n  t h i s  env i ron -  
ment ,  p r o d u c t i v e  c h a i n  t r a n s f e r ,  i . e . ,  c h a i n  t r a n s f e r  
l e a d i n g  t o  usable  f u n c t i o n a l  g roups ,  may be expec ted  t o  
compete w i t h  c h a i n  t r a n s f e r  t o  monomer t o  such  an  e x t e n t  
t h a t  a p r o d u c t  of  u s e f u l  f u n c t i o n a l i t y  can  be o b t a i n e d .  

To tes t  o u t  t h i s  hypo thes i s  w e  t r ied  a f e w  s m a l l  
batch t e l o m e r i z a t i o n s  o f  e t h y l e n e  w i t h  p ropy lene  i n  which 
bromo- t r ich loromethane  was used as t h e  t e l o g e n . *  

~ * When BrCC1.3 is the telogen, the growing polymer radical abstracts 
a bromine to give a bromide terminated chain and a trichloromethyl 
radical which can initiate another polymer'chain. 
results has the structure: 

The telomer which 

R 

To the extent that chain transfer t c j  propylece can also occur, the 
following telomer end groups are also possible: 

R R 
I I 

H- CH- CH2 - and - CH-CH2 - CH2 - CH=CHz 

The first of these is of no value 2 s  a functionzl group, however the 
vinyl end group is a potential precursor to a C 8 0 H  group. 
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I I 

T e l o m e r i z a t i o n  r u n s  24-EMS-134 and 136 were made 
u s i n g  e t h y l e n e / p r o p y l e n e  comonomers w i t h  BrCC13 t e l o g e n  
and d i m e t h y l  a , a g - a z o b i s i s o b u t y r a t e  (DMAB) as i n i t i a t o r .  
The p r o d u c t i o n  and a n a l y t i c a l  d a t a  are summarized i n  
Tables I1 and 111. F u n c t i o n a l i t y  w a s  de t e rmined  from 
t h e  ha logen  a n a l y s e s  and t h e  molecu la r  w e i g h t .  

i n  t h e s e  i n i t i a l  r u n s  and t e lomers  o f  v e r y  low molecu la r  
weight r e s u l t e d .  The t o t a l  halogen f u n c t i o n a l i t i e s  were 
h i g h  however,  2 . 3 1  and 1.84 groups p e r  m o l e c u l e ,  and t h e  
p e n e t r a t i o n  t e m p e r a t u r e s  were f a r  iower t h a n  any p r e v i o u s l y  
encoun te red  i n  t h i s  program, -100 and -95OC. 

Our c h o i c e  of t e l o g e n  c o n c e n t r a t i o n  was t o o  h i g h  

These r e s u l t s  encouraged u s  t o  t r y  a series of 

W e  a l so  s u b s t i t u t e d  t h e  more u s e f u l  t e l o g e n  
c o n t i n u o u s  t e l o m e r i z a t i o n s  a t  lower e f f e c t i v e  c o n c e n t r a t i o n  
of t e l o g e n .  
a -b romoisobu ty r i c  a c i d  or i t s  t - b u t y l  ester i n  p l a c e  of  
t h e  Br-CC13. 
i n  T a b l e s  I V  and V.  

The p r o d u c t i o n  aEd a n a l y t i c a l  d a t a  are g i v e n  

The f i r s t  t h r e e  runs ,  25-EMS-103, 104 and 105 ,  
w e r e  made i n  t h e  U n i t  I r e a c t o r  u s i n g  a -b romoisobu ty r i c  
acid t e l o g e n .  
t h e  upper  l i m i t  of t h i s  r e a c t o r .  
by u s i n g  d i f f e r e n t  feed r a t e s  a t  t h e  same p r e s s u r e .  I n  
t h e s e  r u n s  w e  found t h a t  s l i g h t l y  h i g h e r  p r o d u c t i o n  ra tes  
are  o b t a i n e d  a t  t h e  expense of lower o v e r a l l  conve r s ion  
if h i g h  f e e d  r a t e s  are used. 
25-EMS-103 i n  which a p roduc t ion  r a t e  o f  2 0 1  grams of  
telomer p e r  hour  w a s  ob ta ined  a t  2 . 2 6 %  c o n v e r s i o n  of 
monomers. A t  t h i s  r a t e ,  over  3 k i l o s  c?f telomer can  be 
produced i n  a s i n g l e  run  of t h r e e  8 h r .  s h i f t s  ( a l lowing  
ample t i m e  f o r  s t a r t - u p  and shut-down o p e r a t i o n s ) .  

a l s o  made i n  t h e  U n i t  I r e a c t o r  a t  2 0 , 0 0 0  p s i ,  b u t  u s i n g  
t he  t - b u t y l  ester t e l o g e n .  
s i m i i a r  t o  t h o s e  chosen for r u n  #25-EMS-104, and t h e  
p r o d u c t i v i t y  o b t a i n e d  w a s  n e a r l y  i d e n t i c a l .  
the  t w o  t e l o g e n s  are in t e rchangeab le . .  The  a-bromo ester 
t e l o g e n  i s  less a c t i v e  as a c h a i n  t r a n s f e r  a g e n t ,  however,  
a n d  as  a r e s u l t  t h e  p roduc t s  from run  25-EMS-106 and 27- 
EMS-19 have  higher  molecular  v e i g h t s  t h a n  25-EMS-104, even  
though t h e  molar  r a t i o  o f  t e l o g e n  t o  monomers w a s  t h e  
same, .0@15. 

These r u n s  were made a t  2 0 , 0 0 0  p s i  p r e s s u r e ,  
Holdup t i m e  was v a r i e d  

T h i s  i s  i l l u s t r a t e d  by r u n  

The n e x t  t w o  runs ,  25-EMS-106 and 27-EMS-19, were 

The c o n d i t i o n s  used were v e r y  

I n  t h i s  r e s p e c t  
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TABLE I1 

ETHYLENE/PROPYLENE TELOMERS 

B a t c h  
Run # 

I n i t i a l  C h a r g e  .- 

B r C C 1 3 ,  g m s .  
So lvent ,  g ins .  

A lBN,  gms. 
E t h y l e n e ,  grns 

P r o p y l e n e ,  gms. 

F e d  Dur ing  R e a c t i o n  

B r C C 1 3 ,  gms. 
So lven t ,  gms. 
A l B N ,  g m s .  

R e a c t i o n  C o n d i t i o n s  

T e m p . ,  OC 
P r e s s u r e ,  mpsi 

I n i t i a l  
Maximum 

T i m e ,  h r s .  

P r o d u c t i v i t y  

Y i e l d ,  g m s .  
C o n v e r s i o n ,  % 

R a t e ,  %/M. 

24-ENS-134 
~ ~ 

2 . 7 2  

1 1 . 4  

0 . 1  

3 3 0  

4 2 0  

4 1 . 1  

1 7 2 . 2  

1 . 9 1  

9 0  

4 . 2 0  

9 .25  
4 . 2 5  

35 
4 . 8 5  

1.14 

24  -EMS- 1 3  6 

3 . 4 2  

1 4 . 0  

0 . 1 3  

384 

5 2 8  

3 0 . 8  

1 2 9 . 5  

1 . 1 4  

90  

1 0 . 4 0  

1 5 . 0 0  

6 . 4 2  

49  

5 . 4 8  

.85 
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TABLE I11 

ETHYLENE/PROPYLENE TELOMERS 

Run # 

Physical Properties 

Brookfield Viscosity, cps 
Specific Viscosity, 8OoC 
Vitrification Temperature 
Penetration Temperature 

Analvtical Data 

Molecular Weight* 
Bromine, Wt. %? 
Chlorine, Wt. Sl- 

Functionality 

Bromine (Br) 
Chlorine (CCl3) 

2 4-EMS- 13 4 

- 
.009 

below-800C 
-1oooc 

343 
27.07 
35.76 

1.16 
1.15 

24-EMS-136 

163 
.Oll 

below-800C 
-95oc 

421 
17.94 
22.58 

0.95 
0.89 

* By vapor' phase osmometry in benzene. 

1. By Paar bomb combustion followed by potentiometric 
titration with silver nitrate. 
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The l a s t  e thy lene /p ropy lene  te lomerizat ion r u n ,  
27-EMS-34, w a s  made i n  t h e  r e c e n t l y  s e t  up U n i t  I1 r e a c t o r ,  
o p e r a t i n g  a t  35,000 p s i .  
t o  monomers w a s  u s e d  i n  t h i s  run t o  compensate f o r  t h e  
h i g h e r  p r o p a g a t i o n  r a t e  a t  t h e  h i g h e r  p r e s s u r e  so a s  t o  
o b t a i n  t h e  same t a r g e t  m o l e c u l a r  w e i g h t ,  n e a r  1 0 0 0  g/mole. 
The h i g h e r  p r e s s u r e  a l so  had  a b e n e f i c i a l  e f f e c t  upon t h e  
p r o d u c t i v i t y .  4 . 5 6 %  convers ion  was o b t a i n e d  a t  a r a t e  of 
1 2 2  g. telomer p e r  h o u r ,  t h e  h i g h e s t  of t h e  whole series. 

A lower molar r a t i o  of t e l o g e n  

2) P h y s i c a l  P r o p e r t i e s  

The telomers produced w i t h  a -b romoisobu ty r i c  a c i d  
t e l o g e n  were amber c o l o r e d ,  pourab le  o i l s  ( t h e  c o l o r  i s  a 
p e c u l i a r i t y  of  t h i s  p a r t i c u l a r  t e l o g e n ,  and may be due t o  
H B r  loss  from t h e  t e l o g e n  i t s e l f  - a d d i t i o n  of a t race of 
a l k a l i  c a u s e s  t h e  c o l o r  t o  d i s a p p e a r ) .  When t h e  t - b u t y l  
ester of  a -bromoisobutyr ic  a c i d  w a s  used i n s t e a d  Fhe telomers 
o b t a i n e d  had a l i g h t  s t r a w  c o l o r .  . 

Two i m p o r t a n t  c o n c l u s i o n s  can be drawn from t h e  
p h y s i c a l  p r o p e r t y  d a t a  g iven  i n  Tab le  V :  

The Brookf i e ld  v i s c o s i t y  of t h e  c a r b o x y l  
t e r m i n a t e d  e thy lene /p ropy lene  t e l o m e r s  
i s  s i g n i f i c a n t l y  lower than  t h a t  of o t h e r  
s a t u r a t e d  ca rboxy l  t e r m i n a t e d  b i n d e r s  a t  
comparable molecu la r  we igh t s .  

The v e r y  l o w  p e n e t r a t i o n  t e m p e r a t u r e s  
s u g g e s t  t h a t  cu red  b i n d e r s  p repa red  from 
e thy lene /p ropy lene  ca rboxy l  t e r m i n a t e d  
l i q u i d s  w i l l  have e x c e l l e n t  l o w  t empera tu re  
p r o p e r t i e s .  

F i g u r e  2 shows t h e  room tempera tu re  B r o o k f i e l d  v i s -  
cos i t ies  o f  s a t u r a t e d  carboxyl  t e r m i n a t e d  l i q u i d  b i n d e r s  

p l o t  was used.  f o r  convenience and t o  more n e a r l y  l i n e a r i z e  
t h e  d a t a ) .  The d a t a  f o r  ca rboxy l  t e r m i n a t e d  e t h y l e n e /  
neohexene telomers i s  t h a t  which w e  r e p o r t e d  i n  o u r  p r e v i o u s  
Q u a r t e r l y  Repor t  f o r  t e lomers  p r e p a r e d  i n  t h e  U n i t  I con- 
t i n u o u s  s t i r r e d  a u t o c l a v e  reactor a t  2 0 , 0 0 0  p s i  u s i n g  
a -b romoisobu ty r i c  a c i d  t e l o g e n  (CTAC) .  

' p l o t t e d  as a f u n c t i o n  of t h e i r  mo lecu la r  we igh t s  (a log - log  
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The d a t a  f o r  hydrogenated c a r b o x y l  t e r m i n a t e d  
po lybu tad iene  w a s  t a k e n  f r o m  F i g u r e  1, page  2 2 ,  of the  
f i n a l  r e p o r t  (February  1 9 6 6 )  by D .  E .  Johnson and 
A .  J. D e M i l o  on c o n t r a c t  AF04(611.)-10386 f o r  t h e  A i r  
Force Rocket P r o p u l s i o n  Labora tory  a t  Edwards, C a l i f .  
These s a t u r a t e d  b i n d e r s  conta ined  e t h y l  b r a n c h e s  r e s u l t i n g  
from t h e  1, 2-v inyl  c o n t e n t  (around 3 0 %  of t h e  t o t a l  un- 
s a t u r a t i o n )  of  t h e  o r i g i n a l  po lybu tad iene .  

The d a t a  'for e thylcne /propylene  telomers is 
t a k e n  from Tab les  I11 and V of t h e  p r e s e n t  r e p o r t .  Three  
o f  t h e  samples  have COOH endgroups and may be compared 
w i t h  t h e  o t h e r  ca rboxy l  t e rmina ted  s a t u r a t e d  b i n d e r s .  

The lower v i s c o s i t y  of t h e  e thy lene /p ropy lene  
telomers i s  p robab ly  due t o  t h e  d e c r e a s e d  b u l k  of t h e  
methyl  b ranches  i n  t h e  new te lomers  as  compared w i t h  t h e  
e t h y l  b ranches  i n  hydrogenated ca rboxy l  t e r m i n a t e d  poly- 
b u t a d i e n e s ,  o r  t h e  t - b u t y l  branches  i n  e thylene /neohexene  
copolymers .  T h i s  lower v i s c o s i t y  ' should  f a c i l i t a t e  
p r o p e l l a n t  f o r m u l a t i o n  and c a s t i n g  of g r a i n s  a t  lower 
t e m p e r a t u r e s  t h a n  are  c o n v e n t i o n a l l y  r e q u i r e d .  

F i g u r e  3 shows t h e  r e s u l t s  o b t a i n e d  when t h e  
p e n e t r a t i o n  t e m p e r a t u r e s  of t h e  e thy lene /p ropy lene  telomers 
were p l o t t e d  as a f u n c t i o n  of t h e  r e c i p r o c a l  of  t h e  molecu la r  
we igh t .  A r e a s o n a b l y  good l i n e a r  f i t  w a s  o b t a i n e d ,  which 
when e x t r a p o l a t e d  t o  l/Rn=O, gave a p e n e t r a t i o n  t e m p e r a t u r e  
n e a r  -5OOC a t  i n f i n i t e  molecular  weight .  A t  TjIn=lOOO, Tp i s  
-67OC. 

3 )  F u n c t i o n a l i t y  

. The h i g h  f u n c t i o n a l i t i e s  which were ach ieved  i n  
t h e  l o w  molecu la r  we igh t  telomers of BrCC13 (see Table 111) 
have n o t  yet been o b t a i n e d  i n  t h e  h i g h e r  molecu la r  we igh t  
t e l o m e r s  of  a -bromoisobutyr ic  a c i d  o r  i t s  t - b u t y l  ester 
(see Tab le  V ) .  
t h e  more r e c e n t  r u n s  was s e l e c t e d  i n  o r d e r  t o  a t t a i n  a h i g h e r  
m o l e c u l a r  we igh t .  Under t h e s e  c o n d i t i o n s ,  c h a i n  t r a n s f e r  t o  
p ropy lene  becomes more probable  as t h e  t e l o g e n ,  c o n c e n t r a t i o n  
i s  reduced .  

The lower t e l o g e n  c o n c e n t r a t i o n  employed i n  

-_ ' 

I 
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An e x c e p t i o n  €0 t h i s  t r e n d  i s  found i n  r u n  27- 
' EMS-34. T h i s  i s  t h e  f irst  cont inuous  run  i n  t h e  U n i t  I1 

t -Bu ty l  a -bromoisobutyra te  was used  a s  the  t e l o g e n  reactor. 
and t h e  reactor i n t e r n a l  p r e s s u r e  w a s  35,000 p s i .  
telomer produced i n  t h i s  r u n  h a d  t h e  h i g h e s t  f u n c t i o n a l i t y  
i n  t h e  whole series of con t inuous  r u n s :  
molecule .  

The 

0 . 7 4  bromine p e r  

T h i s  h i g h e r  f u n c t i o n a l i t y  may be d i r e c t l y  a t t r i -  
b u t e d  t o  the h i g h e r  r e a c t o r  p r e s s u r e .  T h i s  leads t o  a 
h i g h e r  p r o p a g a t i o n  r a t e  and t h u s  r e q u i r e s  t h a t  t h e  t e l o g e n  
t o  monomer molar r a t i o  be i n c r e a s e d  f r o m  .0015 t o  .0031 in 
o r d e r  t o  c o n t r o l  t h e  molecular  we igh t .  A t  t h i s  h i g h e r  
t e l o g e n  c o n c e n t r a t i o n ,  r e l a t i v e l y  less c h a i n  t r ans fe r  t o  
p r o p y l e n e  monomer cou ld  occur ,  hence t h e  h i g h e r  f u n c t i o n a l i t y .  

T e l o m e r i z a t i o n  a t  very  h i g h  r e a c t o r  p r e s s u r e s  i s  
undoubtedly  t h e  bes t  means ava i lab le  t o  u s  t o  o b t a i n  h i g h e r  
f u n c t i o n a l i t y  and p r o d u c t i v i t y  i n  t h e  p r e p a r a t i o n  of e t h y l e n e /  
p r o p y l e n e  copolymers .  

4 )  Chemical M o d i f i c a t i o n  - B r  t o  COOH - 
S i n c e  t h e  new e thy lene /p ropy lene  t e l o m e r s  have  

o n l y  r e c e n t l y  been p r e p a r e d  and c h a r a c t e r i z e d ,  chemica l  modi- 
f i c a t i o n  s t u d i e s  d i r ec t ed  toward conve r s ion  of t h e  bromine 
f u n c t i o n a l i t y  i n t o  c a r b o x y l  f u n c t i o n a l i t y  are  j u s t  b e g i n n i n g .  
However, some expe r imen t s  have been completed which p o i n t  
o u t  t h e  g r e a t e r  r e a c t i v i t y  toward d i sp lacemen t  r e a c t i o n s  o f  
t h e  t e r m i n a l  bromide i n  t h e  e thy lene /p ropy lene  t e l o m e r s .  

Dehydrobromination of telomer samples  25-EMS-103, 
1 0 4  and 1 0 5  u s i n g  N a O H  i n  t h e  polymer m e l t  a t  25OOC l e d  t o  
p r o d u c t s , c o n t a i n i n g  no bromine ( n e g a t i v e  B e i l s t e i n  t e s t )  
a f t e r  s h o r t  r e a c t i o n  periods (15 min.)  . However, j u d g i n g  
f r o m  t h e  i n f r a r e d  s p e c t r a  of t h e  p r o d u c t s ,  less t h a n  t h e  
t h e o r e t i c a l  doub le  bond c o n t e n t  w a s  produced.  

Ozono lys i s  of t h e  dehydrobrominated t e l o m e r s  i n  
ace t ic  ac id / ca rbon  t e t r a c h l o r i d e  s o l u t i o n  a t  O W ,  followed 
by  o x i d a t i v e  workup u s i n g  p e r a c e t i c / p e r f o r m i c  ac id  m i x t u r e s  
g a v e  p r o d u c t s  c o n t a i n i n g  no r e s i d u a l  u n s a t u r a t i o n  and 
h a v i n g  enhanced COOH c o n t e n t s .  
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To i l l u s t r a t e  t h e s e  f i n d i n g s  w i t h  a s p e c i f i c  
example,  telomer sample 25-EMS-104 o r i g i n a l l y  had- 0 . 6 3  ~r 
p e r  molecule  and .67 COOH pe r  molecule .  
i n d i c a t e s  0.83 0 2  per molecule ,  t h e  d i f f e r e n c e  b e i n g  t h e  . 
ester g roups  d e r i v e d  from t h e  i n i t i a t o r .  
a l i t y  i s  t h u s  1.46. A f t e r  dehydrobrominat ion ,  o z o n o l y s i s ,  
and o x i d a t i o n  a p r o d u c t  w a s  o b t a i n e d  having  a molecular  
w e i g h t  of 740  and a n e u t r a l i z a t i o n  e q u i v a l e n t  of  588 and 
hence c o n t a i n i n g  1 . 2 6  COOH p e r  molecule .  
a n e t  g a i n  of .43 COOH group p e r  molecu le ,  abou t  2 / 3  t h e  
expected amount. 

Oxygen a n a l y s i s  

The t o t a l  f u n c t i o n -  

T h i s  r e p r e s e n t s  

The i n f r a r e d  spectrum of t h e  p r o d u c t  e x h i b i t e d  
However, b o t h  c a r b o x y l i c  a c i d  and ester c a r b o n y l  bands.  

a f t e r  s a p o n i f i c a t i o n ,  no s i g n i f i c a n t  i n c r e a s e  i n  Coo11 
c o n t e n t  w a s  observed  as determined  by t i t r a t i o n .  T h i s  
s u g g e s t s  t h a t  t h e  ester groups s e e n  i n  t h e  i n f r a r e d  spectrum 
were acetate o r  fo rma te  groups d e r i v e d  from t e r m i n a l  
hydroxy l  g roups .  These,  i n  t u r n ,  were m o s t  p robab ly  t h e  
r e s u l t  of  a d i r e c t  d isp lacement  of bromide by hydroxyl  
d u r i n g  t h e  dehydrobrornination s t e p .  T h i s  r e a c t i o n  was n o t  
s i g n i f i c a n t  i n  t h e  dehydrobrominat ion o f  e thylene /neohexene  
telomers due  t o  t h e  h i g h l y  h i n d e r e d  n a t u r e  of t h e  secondary  
n e o p e n t y l  bromide end groups.  

When mol ten  potassium acetate  w a s  u sed ,  b o t h  a s  
t h e  s o l v e n t  and t h e  base, for t h e  dehydrobrominat ion r e a c t i o n  
(method a i n  p a r t  B of t h i s  r e p o r t )  m o r e  ev idence  w a s  pro- 
v i d e d  which p o i n t e d  o u t  t h e  greater r e a c t i v i t y  o f  t h e  
t e r m i n a l  ha logen  toward d i sp lacemen t .  S t r o n g  acetate  ab- 
s o r p t i o n s  and weak c=c a b s o r p t i o n s  w e r e  p r e s e n t  i n  t h e  
i n f r a r e d  spec t rum of t h e  ( B e i l s t e i n  n e g a t i v e )  p r o d u c t  re- 
s u l t i n g  f r o m  mol ten  potass ium acetate t r e a t m e n t  of 25-EMS- 
104.  ' These show t h a t  n u c l e o p h i l i c  d i sp l acemen t  o f  bromide 
c a n  r e a d i l y  occur i n  t h i s  system. 

W e  have p lanned  f o r  t h e  coming q u a r t e r ,  s e v e r a l  
e x p e r i m e n t s  on t h e  e thy lene /p ropy lene  t e lomers  which f a i l e d  
when t h e y  were a p p l i e d  t o  e thylene /neohexene  t e l o m e r s  due 
to t h e  v e r y  h inde red  n a t u r e  of t h e  t e r m i n a l  ha logen:  

1) 

2 )  

3 )  

0 SCH2COOR d isp lacement '  of B r  0 

S @ coup l ing ,  d i s p l a c i n g  2 B r  0 
CN @ d i sp lacemen t  of B r  8, followed 
by h y d r o l y s i s  t o  COOH. 

The g r e a t e r  r e a c t i v i t y  of  t h e  ha logen  end g roups  
i n  t h e  new t e l o m e r s  may make t h e  above r e a c t i o n s  u s e f u l  f o r  
changing  B r  @ t o  COOH i n  t h e  e t h y l e n e / p r o p y l e n e  telomers. 
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VI. PLANS FOR FUTURE WORK 

In the quarter to come we plan to carry out ad- 
ditional telomcrizations of ethylene with propylene at the 
highest pressure attainable in the present equipment so as to 
obtain higher functionality products. Meanwhile, laboratory 
work on the displacement of the terminal bromide functionality 
us'ng very good nucleophiles such as mercaptides (e.g. 
K b @ S-CH2COOCH3) will be carried out on the available 
ethylene/propylene telomers. 

Concurrent with this we plan to try several pro- 
cedures designed to enrich the functionality of carboxyl 
terminated prepolymers already on hand. Counter current sol- 
vent extraction methods will be evaluated, and if successful, 
will be used to prepare difunctional binders from lower 
functionality ethylene/propylene copolymers for curing studies. 

v.11 . NEW TECHNOLOGY 

A. Penetration Temperature Method 

In our Quarterly Report # 7  we reported a new method 
for measurement of the glass transition temperature of liquid 
binders. This method was dependent upon the fact that a 
weighted penetrometer needle will not penetrate a binder in 
the hard glassy state below its glass transition temperature, 
but will after the binder has been warmed above Tg. 
new meakure of Tg has been designated "Tp" for penetration 
temper.ature. 

This 

Figuce 4 shows the essential working components 
of the apparatus which we use for measuring Tp. 
ment is the penetrometer needle, A. We used a penetrometer 
needle of the type specified by A.S.T.M. method D-5, weight 
2.5 grams. 
shaft, B, of a rack and pinion type precision penetrometer 
conforming to A.S.T.M. method D-5. The shaft has a weight 
of 47 1/2 grams. 
loaded on the top of the shaft C. 
worked well. 
connected to a freely moving vertical rack, D, which engages 
pinion, E ,  which drives a pointer, F, providing visual read- 
out of the position of needle A .  Scale divisions correspond 
to 1/10 mm. movement of A, therefore estimates of position 
can readily be made to the nearest 1/50 mm. 

The key ele- 

The needle is attached to a freely moving vertical 

Weights, C, of 50,100 or 150 grams may be 
For our purposes 150 grams 

A fixed collar oq shaft B bears upon an arm 
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To p r o v i d e  for  g r e a t e r  e a s e  i n  de t e rmin ing  t h e  
' p e n e t r a t i o n  t e m p e r a t u r e  w e  have added a t a n g e n t  a r m ,  G ,  

which c o n t a c t s  t h e  lower s i d e  of the f l a n g e  s u p p o r t i n g  
w e i g h t s  C .  Th i s  t a n g e n t  arm d r i v e s  t h e  s h a f t  of a 1 0 O O i l  
one t u r n  s t e p l e s s  p o t e n t i o m e t e r  which,  i n  c o n j u n c t i o n  w i t h  
r h e o s t a t  L ,  s e r v e s  as a v o l t a g e  d i v i d e r  fo r  a 1 . 5  v o l t  d r y  
ce l l .  The r h e o s t a t  i s  a d j u s t e d  so  a s  t o  g i v e  an o u t p u t  
v o l t a g e  between 2 and 6 m i l l i v o l t s  ove r  the normal r ange  
of n e e d l e  movement co r re spond ing  t o  abou t  5 mm. T h i s  
v o l t a g e  i s  connected  t o  one of t h e  6 channe l s  of a Leeds 
& Northrop Speedomax r e c o r d e r  g i v i n g  a 1 0  i n c h  s t r i p  c h a r t  
r e c o r d  of 0 t o  8 m i l l i v o l t s .  T h i s  system g i v e s  a z e a r l y  
l i n e a r  r e a d o u t  of t h e  pene t romete r  n e e d l e  p o s i t i o n .  

W e  s i m u l t a n e o u s l y  r e c o r d  t h e  o u t p u t  of an i r o n -  
c o n s t a n t a n  thermocouple  which i s  immersed i n  t h e  methanol  
c o o l i n g  b a t h ,  K ,  i n  c o n t a c t  w i t h  t h e  p r e - c h i l l e d  b i n d e r  
sample i n  an aluminum f o i l  sample cup,  J .  

B e l o w  Tp, n e e d l e  A rests on t h e  t o p  of t h e  sample 
and a s t r a i g h t  l i n e  i s  reco rded  on one channel  of t h e  
r e c o r d e r  co r re spond ing  t o  t h i s  p o s i t i o n .  Another  channe l  
i s  meanwhile r e c o r d i n g  t h e  r i s i n g  sample t e m p e r a t u r e .  
When Tp i s  r eached ,  t h e  n e e d l e  suddenly  b e g i n s  t o  p e n e t r a t e  
t h e  sample.  T h i s  i s  r eco rded  as an  a b r u p t  end p o i n t  on 
t h e  s t r i p  c h a r t  and may be compared w i t h  t h e  c o r r e s p o n d i n g  
t e m p e r a t u r e  l a t e r  on .  When t h e  n e e d l e  r e a c h e s  t h e  bot tom 
of t h e  sample and s t r i k e s  t h e  cup J ,  a n o t h e r  s t r a i g h t  l i n e  
i s  produced.  F i g u r e  5 shows a t y p i c a l  r e s u l t  f o r  an 
e t h y l e n e  p ropy lene  t e lomer .  
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L 
Functional Absorption @ Maximym Absorption 
Group Structure F.I cm-' Coefficient 

Vinyl -CH=CH 2 10.98 909 50.3 
Vinylidene / C=CH2 11.24 8 8 9  43.1 

10.36 965 35.6 

\ 

Trans-internal H /  L C=C, / H  

VI11 APPENDIX 

! 

Infrared Analvsis for Double Bonds 

I 

Our method for determining the type of unsaturation present 
is based upon the C-H out of plane wagging vibrations in the infrared 
spectrum in the vicinity of 900 cm-'. 
Chem,, a, 998) give a table summarizing the absorption coefficients 
for various functional groups, including several types of double bonds. 
The pertinent values are summarized below: 

Anderson and Seyfried (Anal. - 


