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I- 
d UVERM .AWRENCE RADIATIOX LAZORATORY 

ROOM. BLDG.: iog T-io3 

For t h e  p a s t  two years LZG has sporsored research on “Mgh Energy 
3Lnders for High Explosives” wizh Monsar,%o Reseuch Corporation. 
vas c a r r i e d  out on P r o j e c t  Agreement No. 5, 
cor-ducted research e f f o r t  has y ie lced  s m e  very promising explosive binders.  

This work 
Subcontract 212. This capably 

One of t h e  new binders  i s  a highly extensible  rubber t h a t  i s  a l s o  an 
explosive, and it i s  composed of r e a d i l y  avai lable  c m e r c i a l  chenicals.  
M d i t i o n a l  research and development must be doEe i f  we a r e  t o  b e n e f i t  
by t h e  work done to date and br ing  t h i s  mc! other developments i n t o  t‘ne 
r a g e  of p r a c t i c a l i t y .  

- 

Attached i s  a proposal from Monsanto i ieseach  Corp. - Dayton Laboratory. 
This proposa l  2resents  a p r o g r m  t h a t  exuends and r e f i n e s  the  research on 
“FIgh Energy Binders f o r  EIigh Explosives“, w’hich MRC - Boston has been 
conducting. 
tweeri  t e c h n i c a l  representa t ives  of  IMRC (Boston & Dayton Lbs) andmembers of 
the  ai@ 3xplosive Section a t  IZZ. 

This proposal was su’cmi;ted after a s e r i e s  of discussions be- 

The technica l  scope of this new proposal encompasses work t h z t  could 
l e a d  t o  s u b s t a n t i a l  improvements i n  the  explosive binder  systems previously 
developed. 
value t o  ou r  explosives research and development e f f o r t .  
work as out l ined  i n  t h e  at tached proposal meets with our technica l  approval. 

It a l s o  allows t h e  explorat ion of new binder  systems of p o t e n t i a l  
The progran of 

The objec t  of this research i s  t o  provide binders that have exce l len t  
elastomeric c h a r a c t e r i s t i c s  and possess explosive energy. 
winen combined with high energy c r y s t a l l i n e  explosive would y i e l d  high 
energy PBX’s w i t h  s u b s t a n t i a l l y  improved physical and chemical proper t ies .  
i n  addition, t h e  new binders,  i n  a prepolymer state, would be cmbined 
wit‘n s o l i d  explosive t o  give a paste-l ike m a t e r i a l  t h a t  could be i n J e c t i o n  
molded et  relatively l o w  pressures. The material t h e n  would be cured i n  
tk mold t o  give a r igid,  b u t  somewhat rubbery, explosive part. 

These binders  

UNIVERSITY OF CALIFORNIA-(Letterhead for Interdeportmental use) 
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Mex,o Re : Request for Exceptional Procurenent 
Nonsanto Research Corporation 

To : I+. B. Earford 
From : 14. Finger 

Because of the unique nature of the 5 i r i C e r  s y s t m  ana -aec&use it i s  a 
continuing program, the  pro jec t  must be negotiated or; a sole-source b a s i s .  

I n  a d c t i o n ,  we have inves t iga ted  t‘ne p o s s i b i l i t y  of cont rac tura l  
research with Mound Laboratory, Rohn and -has, arid Reaction Motors. It i s  
ou r  S e l i e f  t h a t  these fims a r e  not  working i.2 f i e l d s  oI” chemistry closely 
aligned t o  our imr;iediate i n t e r e s t .  
c l a s s i f i e d  l i t e r a t i r r e  shows t h a t  the L i C l O  s o l i d  solut ion b i r d e r  i s  
u i q u e  t o  N 3 C .  
Tr,e work w i l l  not  involve r e s t r i c t e d  data. 
a t  the Confidential, Defense Information secur i ty  l e v e l .  
has the f a c i l i t i e s  and necessary c l e a r m c e s  f o r  t’nis work. 

A review o f  the classLfied and un- 

The program involves work ‘ with small mounts  of explosives. 
However, it w i l l  be conducted 

NRC - Dayton 

The c o s t  e s t i q a t e  of $49,913, for the  proposed l e v e l  of e f f o r t ,  i s  
commensurate wi th  the  amount of money we have budgeted for this type of 
research procurement. 

The tec‘nnical coordinator f o r  LRL w i l l  be M.lton Finger with Eugene B i s s e l l  
as a l t e r n a t e .  
monthly l e t t e r ;  and a d e t a i l e d  F i n a l  Report a t  the conclusion of work. 

Technical progress repor t s  s h a l l  be i n  the  form of a b r i e f  

Would you, thereforej  in i t ia te  appropriate c o n t r a c t u a l  negot ia t ions 
with Morisanto Research Corporation. This should be charged t o  account 
nmber  5281-i2. A 

Milton Finger // 
General Chemistry D i h i o n  

Approved : -’ r - 
Roger?E. B a t z e l  4 
Assoc’. Director f o r  Chemistry 

: l a w  - 
cc - C .  L. Blue w/2 at tach. ,  L t r  and C D I  Bpt .  

R.  E. Satzel  w / l  a t tach. ,  L t r .  
G. Dorough w / l  a t tach . ,  L t r .  
H. E. F i l e  w/2 at tach. ,  L t r  and CDI Rpt. 
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M O  N S A hTTO R E  S E A R  C H C 0 R P 0 RAT1 ON 
I ,  DAYTON LABORATORY DAYTON, OHIO 45407 

11 June 1965 

'.. , *. 

M r .  J .  Harris 
Lawrence R a d i a t i o n  L a b o r a t o r y  
U n i v e r s i t y  of C a l i f o r n i a  
P.O. Box 808 
L i v e r m o r e ,  California 

S u b j e c t :  P r o j e c t  Agreement No. 5 ,  S u b c o n t r a c t  2 1 2  

Gent lemen:  

Attached are three (3) copiea of  o u r  p l a n n i n g  s t a t e m e n t  sub-  
m i t t e d  as a c o n t i n u a t i o n  of work per fo rmed  u n d e r  P r o j e c t  
Agreement No. 5 ,  S u b c o n t r a c t  212 .  

W'e have  t h e  necessary p e r s o n n e l  and f a c i l f t i e s  t o  I n i t i a t e  
bhl8 program Immedia t e ly .  Our  c o s t  f o r  s u c h  a program is 
$49,913 i n c l u d i n g  a f i x e d  fee of $3,910.  T h i s  e s t i m a t e  i s  
b r o k e n  down as follows: 

Direct Labor 

4 
9 

$ 1 , 7 9 1  
Sr. Res. Q r o u p  Leader 95 h o u r s  822 

1 
Resea rch  Manager ,180 h o u r s  

Sr. R e s e a r c h  Chemis t  1500 h o u r s  
R e s e a r c h  T e c h n i c i a n  

n 

,;xi 
3.190 
19,978 

S a l a r y  Related C o s t s  @19% 
t .  

1,000 

& T o t a l  D i r e c t  Labor  

Overhead 

c Materfals 
10 

J cn T r a v e l  650 
Sub t o t a l  42,205 

, G e n e r a l  and A d m i n i s t r a t i v e  Expense @g% .3,798 
s 

Total Es t ima ted  Cost  46 ,003  

Fee 3,910 

PRIVACY ACT MATERIAL REMOVED 



M r .  J. Harria 2 11 June 1965 

We hope t h a t  our proposal  w 11 reoeive your favorable 
consideration. Should you have any questions or need 
additfonal information, please let me know. 

Very  t r u l y  yourB, 

T. L. Qossage 
Ass l e t  ant Direct or 
Government Rela t fons  

mfc 

cc: 4. Finger 



PROPOSED PROGRAM 
for 

C O N T I N U A T I O N  OF RESEARCH 
on 

H I G H  ENERGY BINDERS FCR H I G H  EXPLOSIVES 

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

The work p r o p o s e d  i s  based on a n  e x t e n s i o n  and r e f i n e m e n t  o f  t h e  
s y s t e m s  ana  a p p r o a c h e s  u s e d  i n  o u r  p r i o r  work. 
l i t h i u m  p e r c h l o r a t e  ( L i C 1 0 4 )  i n  s o l i d  s o l u t i o n  and d i n i t r o f l u o r o -  
e t h y l  d e r i v a t i v e s  as t h e  e n e r g e t i c  components i n  t h e  b i n d e r s .  
p rogram i s  d i r e c t e d  t o  improvements  and o p t i m i z a t i o n  of  t h e  
f o l l o w i n g  c h a r a c t e r i s t i c s  i n  t h e  p l a s t i c  bonded c a s t  e x p l o s i v e s :  

The s y s t e m s  employ 

The 

- P h y s i c a l  p r o p e r t i e s  
- S t a b i l i t y  
- E n e r g e t i c s  
- F a b r i c a t i o n  

The program c o n s i s t s  of t h r e e  p h a s e s :  
p r e s e n t  acrylonitrile/methacrylonitrile l i t h i u m  p e r c h l o r a t e / e t h y l e n e  
g l y c o l  ( A N / M A N / L P / E G )  s y s t e m ;  (2) f u r t h e r  d e f i n i t i o n  and development  
of  t h e  2,2-dinitro-2-fluoroethyl a c r y l a t e  ( D N F E A )  s y s t e m  and ( 3 )  
i n v e s t i g a t i o n  of  improved b i n d e r  s y s t e m s .  
d i s c u s s e d  b r i e f l y  be low.  

(1) r e f i n e m e n t  of  t h e  

These p h a s e s  a r e  

A .  AN/MAN/LP/EG S o l i d  S o l u t i o n  Sys tem - 
Iv 

T h i s  b i n d e r  s y s t e m  h a s  been  d e v e l o p e d  t o  t h e  p o i n t  where 
of bonded HMX e x p l o s i v e s  c a n  b e  made. However, p roblems 
c o n t r o l  and r e p r o d u c i b i l i t y  c a n  b e  e n c o u n t e r e d  and  t h e r e  
for f u r t h e r  i n f o r m a t i o n  on t h e  p o l y m e r i z a t i o n  r e a c t i o n .  
b e l i e v e d  t h a t  many o f  t h e s e  p rob lems  a r e  a s s o c i a t e d  w i t h  
of  t h e  l i t h i u m  p e r c h l o r a t e .  Much of  t h e  work on t h i s  s y s  

-. --..- --- -. --I_- -.---- 

N O T I C E  

c a s t i n g s  
i n  
i s  need  
It i s  
p u r i t y  
t e m  was 

Thia information &a.i not bo dirclord outride the Government or bo dupliccrtd, u r d  or dirclored in wholo or in part  for 
m y  purpow othor thaa to oraluato tho propod. providd that if a contract ir awardd to thb offeror aa a rauli of or in connection 
with the aubmiuion of ruch data, tho Gorornment hall have the right to duplicute,uae or dirclore this data to the oxtent provided 
In tho contract. Thtr roatridion doer not limit the Govenunent'a right to use information containd in ruch data if it in obtained 
from anothor SOUTCO. 

MONSANTO RESEARCH CORPORATION 



done p r - i o r  t o  t h e  development  o f  t h e  r e c r y s t a l l i z a t i o n  t e c h n i q u e  
f o r  p u r i f i c a t i o n  of  t h e  LiC104. It  i s  q u i t e  p o s s i b l e  t h a t  t h e  
i n h i b i t o r  ( h y d r o q u i n o n e )  u s e d  i n  t h e  f o r m u l a t i o n  i s  r e q u i r e d  to 
n e u t r a l i z e  some c a t a l y z i n g  i m p u r i t y  i n  t h e  LiC104. Thus ,  w i t h  LiC104 
o f  v a r y i n g  p u r i t y ,  s e l e c t i o n  o f  t h e  c o r r e c t  c a t a l y s t - i n h i b i t o r  
s y s t e m  becomes d i f f i c u l t .  I t  i s  a l s o  f e l t  t h a t  more d e t a i l e d  
i n f o r n a t i o n  on t h e  e f f e c t  o f  oxygen and t r a c e  metals would be  
d e s i r a b l e  f o r  more r e l i a b l e  c o n t r o l  of  t h e  p o l y m e r i z a t i o n  r e a c t i o n .  

I t  i s  s u g g e s t e d  t h a t  t h e s e  s t u d i e s  b e  c a r r i e d  o u t  a t  t h i s  t i m e  
o n l y  i f  d i f f i c u l t i e s  w i t h  t h e  s y s t e m  as p r e s e n t l y  d e f i n e d  p r e c l u d e  
p r e p a r a t i o n  of  s u i t a b l e  samples  f o r  t h e  p l a n n e d  s a f e t y  and  
e n e r g e t i c s  s t u d i e s .  

I f  r e s u l t s  a re  f a v o r a b l e  and  t h e  d e c i s i o n  i s  made t o  f u r t h e r  
d e v e l o p  t h i s  s o l i d  s o l u t i o n  s y s t e m ;  o p t i m i z a t i o n  o f  t h e  mechanica’  
p r o p e r t i e s  o f  t h e  bonded e x p l o s i v e  would b e  r e q u i r e d .  T h i s  would 
b e  a c c o m p l i s h e d  by d e t e r m i n a t i o n  of  p h y s i c a l  p r o p e r t i e s  as a 
f u n c t i o n  o f  b i n d e r  c o n t e n t ,  p l a s t i c i z e r / p o l y m e r  r a t i o ,  t y p e  o f  
p l a s t i c i z e r  and e x t e n t  o f  c r o s s - l i n k i n g .  

B .  DNFEA Sys tem 

From r e c e n t  work u n d e r  t h e  p r e s e n t  c o n t r a c t ,  w e  b e l i e v e  w e  now 
have  a p r o c e d u r e  for t h e  p r e p a r a t i o n  o f  l a b o r a t o r y  q u a n t i t i e s  o f  
2,2-dinitro-2-fluoroethyl a c r y l a t e  (DNFEA) o f  s u f f i c i e n t  and 
r e p r o d u c i b l e  p u r i t y  t o  c o n s i s t e n t l y  y i e l d  s o l u b l e  h i g h  m o l e c u l a r  
w e i g h t  p o l y m e r .  A d d i t i o n a l  p o l y m e r i z a t i o n  s t u d i e s  and r e p l i c a t e d  
p r e p a r a t i o n s  o f  monomer are r e q u i r e d  t o  c o n f i r m  t h i s .  

With good q u a l i t y  monomer a v a i l a b l e ,  c a t a l y s t  s y s t e m s ,  p o l y m e r i z a -  
t i o n  c o n d i t i o n s ,  p o l y m e r i z a t i o n  r a t e s ,  c r o s s - l i n k i n g ,  p o l y m e r i z a -  
t i o n  e x o t h e r m ,  p o t  l i f e  a n d  r e l a t e d  s t u d i e s  c a n  b e  i n i t i a t e d .  
C o n c u r r e n t l y ,  a more d e t a i l e d  c h a r a c t e r i z a t i o n  o f  t h e  polymer  
c o u l d  b e  c o n d u c t e d ,  i n c l u d i n g  d e f i n i t i o n  o f  t h e  t h e r m a l  and 
m e c h a n i c a l  p r o p e r t i e s .  S u b s e q u e n t l y  t h e  p r e p a r a t i o n  o f  s l u r r y  
c a s t  s a m p l e s  o f  bonded HMX e x p l o s i v e  c o u l d  be  c a r r i e d  o u t  and 
t h e  p r o d u c t s  c h a r a c t e r i z e d .  I f  p r e l i m i n a r y  e v a l u a t i o n s  p r o v e  
f a v o r a b l e  more d e t a i l  s t u d i e s  on o p t i m i z a t i o n  o f  p r o p e r t i e s  o f  
t h e  bonded e x p l o s i v e  would b e  d e s i r e d .  

- 
w 
C-- 
c 

s 
CJ-1 

2 
N O T I C E  

mi. information shall not bo di.clo~ed outaide the Govemmenl or be duplicated, used or disclosed in whole or in part for 
any purpocl. other than to evaluate the p r o p a l .  provided that if a contract is awarded to this ofleror as  a result of or in connection 
dth the nubmission of such data, the Government shall have the right to duplicate, use or disclose this data to !he axten! provided 
in the contract. Thh restriction doos not limit the Government‘s right to use information contained in such data if it is ob!ained 
from another source. 
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C .  New B i n d e r  Sys tems 

T h i s  more e x p l o r a t o r y  p h a s e  o f  t h e  p roposed  work c a n  b e  s u b d i v i d e d  
i n t o  f o u r  g e n e r a l  a reas :  (1) improved  v i n y l  polymer s o l i d  s o l u t i o n  
s y s t e m s ;  ( 2 )  s y s t e m s  i n c o r p o r a t i n g  b o t h  t h e  L i C l O 4  s o l i d  s o l u t i o n  
p r i n c i p l e  a n a  d e r i v a t i v e s  o f  t h e  h i g h  ene rgy  d i n i t r o f l u o r o e t h y l  
e t h a n o l ;  ( 3 )  improved s y s t e m s  based  on d i n i t r o f l u o r o e t h y l  d e r i v a t i v e s  
o n l y ;  and ( 4 )  e x p l o r a t o r y  s y s t e m s .  

1. Improved S o l i d  S o l u t i o n  Sys tems 

One o f  t h e  d e f i c i e n c i e s  of  t h e  A N / M A N / L P / E G  s y s t e m  i s  t h e  h i g h  v o l a -  
t i l i t y  o f  t h e  n i t r i l e  monomers. A s y s t e m  f ree  o f  monomeric p l a s t i -  
c i z e r  ( e t h y l e n e  g l y c o l )  would a l s o  b e  d e s i r a b l e  as t h e r e  i s  a l w a y s  
t h e  p o s s i b i l i t y  o f  p l a s t i c i z e r  m i g r a t i o n  w i t h  loss i n  p r o p e r t i e s  a 
a n d / o r  c o n t a m i n a t i o n  of  a d j a c e n t  med ia .  It  may b e  pos ' s ib l e  to o b t a i n  
improvement i n  b o t h  o f  t h e s e  areas by u s e  of  o t h e r  a p p r o p r i a t e  
monomers. For t h i s  w e  p r o p o s e  two p r i m a r y  c a n d i d a t e s ,  namely,  B-- 
c y a n o e t h y l  a - c y a n o a c r y l a t e  ( I )  and  m e t h y l e n e g l u t a r o n i t r i l e  (11). 

CH2=C-CO-O-CH2-CH2-CN 
I 

C N  

NC-CH2-CH2-C ? f  C N  

CH2 

Monomer ( I )  would b e  s i g n i f i c a n t l y  h i g h e r  b o i l i n g  t h a n  a c r y l o n i t r i l e  
or m e t h a c r y l o n i t i r l e  and  s h o u l d  g i v e  a polymer w i t h  lower  g l a s s  
t r a n s i t i o n  t e m p e r a t u r e  t h a n  p o l y a c r y l o n i t r i l e ,  t h u s  r e q u i r i n g  l e s s ,  
or no ,  p l a s t i c i z e r .  T h i s  e s t e r  ( I )  s h o u l d  b e  p r e p a r a b l e  by t h e  
method r e p o r t e d  b y  McKeener ( R e f .  1) and l a t e r  u s e d  by K i n s i n g e r  
( R e f .  2,3) f o r  t h e  p r e p a r a t i o n  of  t h e  m e t h y l  and b u t y l  e s t e r s  o f  a- 
c y a n o a c r y l a t e .  K i n s i n g e r  ( R e f .  2 )  h a s  a l s o  r e p o r t e d  f r e e  r a d i c a l  
p o l y m e r i z a t i o n  s t u d i e s  o f  e s t e r  o f  t h i s  a c i d .  The two C N  g r o u p s  
and  t h e  e s t e r  g roup  i n  ( I )  s h o u l d  p r o v i d e  s i t e s  f o r  c o o r d i n a t i o n  o f  
s u f f i c i e n t  L i C 1 0 4  t o  g i v e  s o l i d  s o l u t i o n s  w i t h  a f a v o r a b l e  oxygen 
b a l a n c e .  

- Monomer (11) r e c e n t l y  announced i n  p i l o t  p l a n t  q u a n t i t i e s  b y  
rz; U . S . I .  Chemica ls  ( R e f .  4 ) ,  i s  t h e  d imer  of  a c r y l o n i t r i l e .  L i t t l e  
c'i i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  p o l y m e r i z a t i o n  o f  t h i s  monomer 

a l t h o u g h  i t  i s  i n f e r r e d  t h a t  i t  w i l l  homopolymerize as w e l l  as 
-5. c o p o l y m e r i z e .  I t s  s t r u c t u r e  c a n - b e  viewed as a - c y a n o e t h y l a c r y l o -  
Lrv n i t r i l e .  I n  g e n e r a l ,  a - s u b s t i t u t e d  a c r y l i c s  w i t h  hydroca rbon  
C7 

-- 
N O T I C E  

Thh hiormation &dl not b. disclored outride the Government or be dupliccrted. wed or dirclored in whole or in part for 
any p- other than to evaluate the proposal, provided that if a contract ia awarded to thia olferor as a result of or in connection 
with the rubmias- of ruch data, the Government shall have the right to duplicate,use or duclore this data to the extent provided 
In tho ~ ~ n t ~ c t .  ..a restriction doer not limit the Goremment'n right to use information contained in such data if it  ir obtained 
from another ~OUICO.  
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s u b s t i t u e n t s  l a r g e r  t h a n  m e t h y l  do n o t  homopolymerize.  However, 
w i t h  t h e  p o l a r  c y a n o e t h y l  g roup  t h e  r e a c t i v i t y  might  b e  con- 
s i d e r a b l y  d i f f e r e n t .  
d i f f i c u l t y .  The v o l a t i l i t y  o f  (11) i s  r e l a t i v e l y  low ( b . p t .  
1 0 3 ' C / 5 m m . )  and  t h e  h i g h  C N  c o n t e n t  s h o u l d  g i v e  h i g h  LiC104 
s o l u b i l i t y .  
o f  t h e  f o l l o w i n g :  

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

Other  s y s t e m s  which n i g h t  b e  c o n s i d e r e d  a r e  copolymers  

C N  / C N  P 
CH2=C, / CH2=C, GH=CH 

C N  CONH2 C N  

S y n t h e s e s  f o r  v i n y l i d e n e  c y a n i d e  ( I V )  a re  known a n d  a-cyano- 
a c r y l a m i d e  ( V )  a n d  f u m a r o n i t r i l e  ( V I )  a re  a v a i l a b l e  c o m m e r c i a l l y .  
i n  l a b o r a t o r y  q u a n t i t i e s .  
t h a n  a c r y l o n i t r i l e .  They a l s o  have  h i g h e r  p o t e n t i a l  c o o r d i n a t i o n  
c a p a c i t y  f o r  LiC104 and  t h u s  might  p e r m i t  u s e  o f  a comonomer t h a t  
d o e s  n o t  a s s o c i a t e  w i t h  L i C 1 0 4 .  
e t h y l a c r y l a t e ,  c o u l d  b e  u s e d  t o  g i v e  i n t e r n a l  p l a s t i c i z a t i o n  and 
s t i l l  p e r m i t  s o l u t i o n  o f  s u f f i c i e n t  L i C 1 0 4  to g i v e  a n  o p e r a b l e  
oxygen b a l a n c e .  

A l l  t h r e e  monomers are  h i g h e r  b o i l i n g  

Thus comonomers, for example 

2 .  Combina t ion  S o l i d  Solution/Dinitrofluoroethyl Systems 

The a v a i l a b i l i t y  of a b i n d e r  s y s t e m  i n c o r p o r a t i n g  e n e r g y  s o u r c e s  
f rom b o t h  LiC104 s o l i d  s o l u t i o n  and  t h e  d i n i t r o f l u o r o e t h y l  group 
would g i v e  g r e a t e r  f l e x i b i l i t y  i n  o p t i m i z i n g  e n e r g e t i c s  and 
p h y s i c a l  p r o p e r t i e s .  Monomers on which s u c h  a s y s t e m  might  be  
d e v e l o p e d  a re  t h e  p r e v i o u s l y  men t ioned  compounds v i n y l i d e n e  
c y a n i d e  ( I V ) ,  a - cyanoac ry lamide  ( V ) ,  f u m a r o n i t r i l e  ( V I )  and 
d i n i t r o f l u o r o e t h y l  a - c y a n o a c r y l a t e  ( V I I )  . 

yo2 
CH,=C-CO-O-CH,-Y- F 

1 
C N  N02 

Monomers I V ,  V ,  and  V I  would be  used  i n  copolymers  w i t h  a c r y l i c ,  
f u m a r i c ,  m e t h y l e n e  m a l o n i c ,  and i t a c o n i c  e s t e r s  o f  d i n i t r o -  

4 
N O T I C E  

Thir information shall not b. d b C l 0 8 . d  outside the Government or b. duplicated, used or disclosed in whole or in p a r t  lor 
any purpou othor than to evaluate the propod. provided that if a contract t awarded to this otferor as a result of or in connection 
with the rubmiuion of ruch data, the Government rhall have the right to duplicate, use or disclore lhis data to the extent provided 
in the contract. This restriction doea not limit the Government's ri&t to-use inlormation contained in such data i f  i t  16 obtained 
from another source. 



f l u o r o e t h a n o l .  I n  t hese  s y s t e m s  t h e  component p romot ing  d i s s o l u -  
t i o n  of  L i C l O 4  would come f rom one monomer and t h e  d i n i t r o f l u o r o -  
e t h y l  component f rom t h e  o t h e r  comonomer. 
f u n c t i o n s  are  i n c o r p o r a t e d  i n  t h e  same monomer. 

I n  compound VI1 b o t h  

3 .  Improved D i n i t r o f l u o r o e t h y l  Sys tems 

If monomers can  b e  made which have  h i g h e r  a v a i l a b l e  oxygen c o n t a c t  
t h a n  t h e  DNFEA, a h i g h e r  e n e r g y  b i n d e r  s y s t e m  c o u l d  b e  d e v e l o p e d  
or o t h e r  comonomers o r  a d d i t i v e s  c o u l d  be  added t o  g i v e  improved 
p h y s i c a l  p r o p e r t i e s  w i t h  e q u i v a l e n t  e n e r g y  t o  t h e  DNFEA s y s t e m .  
P o t e n t i a l  monomers for t h i s  a re  t h e  p r e v i o u s l y  ment ioned  e s t e r s  o f  
f u m a r i c  (VIII) , methy lene  m a l o n i c  (IX) , and i t a c o n i c  ( X )  a c i d s .  

HC-COOR 
17 

ROOC-CH 

( V I I I )  

COOR 
1 

H 2 C = C  
1 

C O O R  

CH2-COOR 
I 

H 2 C = C - C O O R  

702 

N02 

R = -CH2-C--F 
1 

I n  a l l  o f  t h e  improved s y s t e m s  i n i t i a l  work would be d i r e c t e d  a t  
u n d e r s t a n d i n g  and  c o n t r o l l i n g  t h e  p o l y m e r i z a t i o n  r e a c t i o n  and 
development  o f  c o n d i t i o n s  t o  y i e l d  c o m p o s i t i o n s  w i t h  good m e c h a n i c a l  
and  t h e r m a l  p r o p e r t i e s .  Development and  e v a l u a t i o n  of  t h e  bonded 
e x p l o s i v e  s y s t e m s  would f o l l o w .  

4. E x n l o r a t o r v  Svs tems 

P r a c t i c a l l y  a l l  o f  t h e  work w i t h  LiC104 s o l i d  s o l u t i o n  polymer  
s y s t e m s  have  u s e d  v i n y l  p o l y m e r s .  From t h e  s t a n d p o i n t  o f  f a b r i c a -  
t i o n  and i n  some c a s e s  p h y s i c a l  and  c h e m i c a l  p r o p e r t i e s , v a r i o u s  
non-v iny l  a d d i t i o n  and  c o n d e n s a t i o n  po lymers  c o u l d  o f f e r  d i s t i n c t  
a d v a n t a g e s .  C o n s i d e r a t i o n  and  e x p l o r a t o r y  e x p e r i m e n t a t i o n  w i l l  be  

I c o n d u c t e d  i n  t h i s  area.  The t y p e s  o f  most p r o b a b l e  u t i l i t y  a r e  
i s o c y a n a t e  d e r i v e d  po lymers  and  po lymers  b a s e d  on r i n g - o p e n i n g  
p o l y m e r i z a t i o n .  

el - 
33 
e- 
o 

N O T I C E  

mi. information rhall not ba disclosed outride the Government or be duplicated. used or dirclored in whole or in part for 
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from another source. 
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" N i t r o s  o r u b b e r  , '' 

-CF2-CF2-N-0- [ % I, 
t h e  copolymer  o f  t e t  raf l u o r o e  t h y  l e n e  and n i t  rosot r i  f luo romethane  
may have  u t i l i t y  as a h i g h  e n e r g y  e l a s t o m e r i c  b i n d e r  or as an  
i n g r e d i e n t  i n  compounded b i n d e r s .  T h i s  n a t e r i a l  i s  a v a i l a b l e  i n  

y e t  a v a i l a b l e .  We, t h r o u g h  o t h e r  c o n t r a c t s ,  a r e  a c t i v e  i n  t h i s  
area and w i l l  f o l l o w  c l o s e l y  t h e  r e s u l t s  of  f u r t h e r  c h a r a c t e r i z a -  
t i o n ,  deve lopment  o f  c u r e s ,  and a v a i l a b i l i t y .  T h i s  i n f o r m a t i o n  
w i l l  b e  u s e d  i n  t h e  e x p l o s i v e s  b i n d e r  p rob lem where a p p l i c a b l e .  

L o n l y  v e r y  l i m i t e d  q u a n t i t i e s  and good c u r i n g  s y s t e m s  are n o t  

D .  R e f e r e n c e s  

1. C .  H .  McKeener, U.S. P a t e n t  2 , 9 1 2 , 4 5 4 ( 1 9 5 9 ) .  

2 .  A .  J .  C a n a l e ,  W .  E .  Goode, J .  B .  K i n s i n g e r  e t  al;, J .  Appl ied  
Polymer S c i . ,  - 4 , 2 3 1 - 6 ( 1 9 6 0 ) .  

3 .  J .  B .  K i n s i n g e r  e t  al., J .  App l i ed  Polymer S c i . ,  - 9 ,  429-37 
(1965). 

4 .  Anon. C and  EN, Feb .  22 ,  1 9 6 5 ,  page  3 7 .  

111. PROGRAM SUMMARY 

It i s  o b v i o u s  t h a t  a l l  o f  t h e  a s p e c t s  d i s c u s s e d  above  canno t  be 
r e s e a r c h e d  i n  d e t a i l  w i t h  t h e  p r o p o s e d  l e v e l  o f  e f f o r t .  The 
f o l l o w i n g  o u t l i n e  summarizes  t h a t  p o r t i o n  o f  t h e  work t h a t  w e  

- b e l i e v e  c o u l d  b e  a c c o m p l i s h e d .  S u f f i c i e n t  f l e x i b i l i t y  i n  t h e  
w program would b e  m a i n t a i n e d  s o  t h a t  s h i f t s  i n  emphas i s  c o u l d  b e  
b- made as t h e  r e s e a r c h  r e s u l t s  or a t h e r  f a c t o r s  might  d i c t a t e .  

U 

N O T I C E  

Thir information shall not bo dircioud outirde the Government or be duplicated. ured or duclored in whole or in part lor 
m y  p m  other them to ovaluato tho propowl, provided that if a contract is awarded to thir oloror as a rosult 01 or in connection 
d t h  tho submiuion of ruch data tho Government shall have the right to duplicate, use or dircloae thir data to the extent provided 
in tho contract. Thir refirktion doer not limit tho Government's right to uno intormalion contained in ouch data if it is obtained 
from another source. 
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A .  A N / M A N / L P / E G  Svs t em 

No f u r t h e r  work u n t i l  c u r r e n t  e x p e r i m e n t s  on s a f e t y  and  e n e r g e t i c s  
a re  c o m p l e t e d ,  u n l e s s  f u r t h e r  p o l y m e r i z a t i o n  i n f o r m a t i o n  i s  
r e q u i r e d  to a l l o w  p r e p a r a t i o n  o f  s a m p l e s  for t h e s e  e x p e r i m e n t s .  

B .  DNFEA Sys tem 

P r e p a r e  monomer as r e q u i r e d  for p o l y m e r i z a t i o n  s t u d i e s ,  u n l e s s  
a n  a l t e r n a t e  s o u r c e  i s  d e v e l o p e d .  

Conduct p o l y m e r i z a t i o n  s t u d i e s  and  d e f i n e  c o n d i t i o n s  for c o n t r o l l e d ,  
r e p r o d u c i b l e  p o l y m e r i z a t i o n  to b o t h  s o l u b l e  and c r o s s l i n k e d  
p o l y m e r s .  

Determine  t h e r m a l  and  m e c h a n i c a l  p r o p e r t i e s  o f  t h e  p o l y m e r s .  

P r e p a r e  bonded HMX c a s t i n g s  and  d e t e r m i n e  p r o p e r t i e s .  I n v e s t i g a g e  
v a r i a b l e s  i n  c a s t i n g  p r o c e s s .  

C .  N e w  B i n d e r  Sys t ems  

1. S o l i d  S o l u t i o n s  

P r e p a r e  6 - c y a n o e t h y l  a - c y a n o a c r y l a t e  ( I )  and s t u d y  i t s  p o l y m e r i z a -  
t i o n  i n  a L i C l O 4  s o l i d  s o l u t i o n  s y s t e m  and c h a r a c t e r i z e  t h e  p r o d u c t s  
t h e r e f r o m .  

S t u d y  t h e  p o l y m e r i z a t i o n  and  c o p o l y m e r i z a t i o n  of  a c r y l o n i t r i l e  
d i m e r  (11) i n  a LiC104 s - o l i d  s o l u t i o n  s y s t e m  and  c h a r a c t e r i z e  
t h e  p r o d u c t s  t h e r e f r o m .  

2 .  Combined S o l i d  S o l u t i o n  DNFE Sys tems 

P r e p a r e  and i n v e s t i g a t e  p o l y m e r i z a t i o n  o f  d i n i t r o f l u o r o e t h y l  
a - c y a n o a c r y l a t e  ( V I I )  i n  a LiC104 s y s t e m  and c h a r a c t e r i z e  t h e  
p r o d u c t s .  

At tempt  c o p o l y m e r i z a t i o n  o f  DNFEA w i t h  a -cyanoac ry lamide  ( V )  
and  w i t h  f u m a r o n i t r i l e  ( V I )  i n  LiC104 s y s t e m s  and c h a r a c t e r i z e  
t h e  p r o d u c t s .  

- -- 
I-- 

N O T I C E  

Thi. information r h d  not bo disclored outride the Government or be duplicated. ured or dirclored in whole or in part for 
any purpose othor than to evaluate the proporal. provided that if a contract ia awarded to lhir offeror a s  a result of or in connection 
with the submission of ruch data, the Government rhall have the right to duplicate,me or dircloae thia data lo the extent provided 
in the contract. Thia rertriction doer not limit the Govemmenl'a right to ure information conlained in ruch data if it IS obtained 
from another rource. 
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3 .  Improved DNFE Sys tems 

P r e p a r e ,  p o l y m e r i z e  and c o p o l y m e r i z e  t h e  DNFE e s t e r  o f  i t a c o n i c  
a c i d  (X) i n  a t t e m p t s  t o  l o w e r  t h e  g l a s s  t r a n s i t i o n  t e m p e r a t u r e  
o f  an  all-DNFE s y s t e m .  

4 .  Exp' 2 r a t o r y  Sys t ems  

E x p l o r e  t h e  p o s s i b i l i t i e s  of  i s o c y a n a t e  d e r i v e d  p o l y u r e t h a n e s ,  
and  p o l y u r e a s  ; epoxy and  o t h e r  r i n g - o p e n i n g  p o l y m e r i z a t i o n  s y s t e m s  
f o r  LiC10,1, s o l i d  s o l u t i o n  b i n d e r  s y s t e m s .  

Fo l low d e v e l o p m e n t s  i n  " n i t r o s o  r u b b e r ' .  f i e l d  and a p p l y  as i n d i c a t e d  
b y  i n f o r m a t i o n  o b t a i n e d .  

From t h e  one or two b e s t  s y s t e m s  f rom A ,  B ,  and C a b o v e ,  i n v e s t i g a t e  
c a s t i n g  o f  bonded HMX and  f u r t h e r  o p t i m i z e  t h e  s y s t e m s .  

I V .  PERSONNEL 

To s t a f f  t h i s  p r o j e c t  we p r o p o s e  t h e  f o l l o w i n g  a p p r o x i m a t e  l e v e l  
o f  e f f o r t .  

P r o j e c t  L e a d e r  1 8 0  h o u r s  

O r g a n i c  Polymer Chemist  1500 h o u r s  

E x p l o s i v e s  C o n s u l t a n t  95 h o u r s  

R e  s e a r c h  T e  c h n i  c i an 1500 h o u r s  

- 
A s  P r o j e c t  L e a d e r  w e  would name Dr. J .  M .  B u t l e r ,  Manager o f  
Polymer  R e s e a r c h  a t  t h e  Dayton L a b o r a t o r y  o f  MRC. H e  would have  cr. 
d i r e c t  t e c h n i c a l  and a d m i n i s t r a t i v e  s u p e r v i s i o n  of  t h e  p r o j e c t .  - ,- H e  has h a d  o v e r  2 0  y e a r s  e x p e r i e n c e  i n  i n d u s t r i a l  and c o n t r a c t  

cs- r e s e a r c h  i n  t h e  area o f  po lymer  c h e m i s t r y .  T h i s  e x p e r i e n c e  
ctt i n c l u d e s  monomer s y n t h e s i s ,  p o l y m e r i z a t i o n ,  po lymer  a p p l i c a t i o n s ,  

rz. 

po lymer  c h a r a c t e r i z a t i o n  and  r e s e a r c h  a d m i n i s t r a t i o n .  It was i n  
e - 
----I. -Tmf:lz I 

8 
N O T I C E  

This fnfomcrtion shall not b. &closed outride the Government or be duplicated, used or disclared in whole or in part  for 
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d t h  the submission of auch d d a ,  the Government shall have the right to duplicate,use or disclose this data to the extent provided 
in the contract. T h  restriction d w  not lfmit the Govemment'r right to use information contained in such data if i t  i s  obtained 
from another source. 
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h i s  r e s e a r c h  g roup  a t  Dayton t h a t  t h e  s o l i d  s o l u t i o n  c o n c e p t  was 
c o n c e i v e d  and f i r s t  r e d u c e d  t o  p r a c t i c e .  

For t h e  s y n t h e s i s  and p o l y m e r i z a t i o n  work we would a s s i g n  an  
e x p e r i e n c e d  o r g a n i c  r e s e a r c h e r  w i t h  background i n  polymer  c h e m i s t r y .  

We are  e x t r e m e l y  f o r t u n a t e  i n  h a v i n g  D r .  R .  A .  Cooley a v a i l a b l e  
f o r  c o n s u l t a t i o n  and a d v i c e  on t h e  e x p l o s i v e s  a s p e c t s  o f  t h e  
program.  D r .  Coole: :as b e e n  a s s o c i a t e d  w i t h  r e s e a r c h  and 
cievelopment i n  t h e  r * , z k e t ,  e x p l o s i v e s ,  p y r o t e c h n i c s  and r e l a t e d  
f i e l d s  s i n c e  1942. T h i s  i n c l u d e s  r e s p o n s i b l e  p o s i t i o n s  i n  t h e s e  
f i e l d s  w i t h  t h e  U.S. Navy, U n i v e r s i t y  o f  M i s s o u r i ,  C a l i f o r n i a  
I n s t i t u t e  of  Techno logy ,  O l i n  Math ie son  Chemical  C o r p o r a t i o n  and  
P r o p e l l e x  Chemical  D i v i s i o n  o f  Chromal loy  Corp.  

An e x p e r i e n c e d  t e c h n i c i a n  would a s s i s t  i n  t h e  s y n t h e s i s  and  p o l y -  
m e r i z a t i o n  work a n d ,  u n d e r  p r o p e r  s u p e r v i s i o n ,  c a r r y  out most  o f  
t h e  t e s t i n g  and c h a r a c t e r i z a t i o n  measu remen t s .  
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N O T I C E  

Thir information rhall not be disclosed outride the Government or be duplicated, wed or disclosed in whole or in part for 
any purpou othor than to evaluate the proporal. provided that il a cantruct ia awarded to this offeror a s  a rerult 01 or in connection 
with the rubmimion of ruch data, the Goveonment shall have the right to duplicate, use or disclore this data to the extent provided 
in the contract. Thh restriction does not limit the Government's right to use information contained in ruch data il it is obtained 
from another source. 
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R a t h e r  thrn d e i r y  t h e s e  i n 2 o r t a n t  p r o g r m s  any lo i lger ,  I 
suggest for you.-r c o n s i d e r a t i o n ,  t h a t  they now be execc ted  
V J ~ L ~  a n  o v e r h e a d  c e i l i c g  o f  1 3 3 % .  If', r?ter  t k e  Sac F r a n c i s c o  
o f f i c e  completes' t h e i r  study o f  t h e  FY-64 au2lz, i t  i s  
deterr . : ined t h a c  i n  a c c o r d  w i t h  t h e  AEC c o s t  p r i n c i p l e s ,  t h e  
Dayto-n L a b o r a t o r y  overhead.  r a t e  i s  l e s s  th2.n 103% s a y  92-95%, 
we i w i l l  z c c e p t  a n o a i f i c e t i o n  to t h e  c o n t r a c t s  Z e f l e c t i n g  
this lover r a t e .  



A copy of t h i s  Rqresen ta t ion  must be coI-,piel;ed and returned w i t h  

your Proposal. 

INVITATION FOR PROPOSAL 

FEPRESENTATION : 

The bidder represents  t h a t  he ,k/ has, L/ has not,  

pa r t i c ipa t ed  i n  a previous cont rac t  o r  subcontract subject  

t o  e i t h e r  t h e  Equal Opportunity Clause herein o r  t he  

clause o r i g i n a l l y  contained i n  Section 301 of Zxecutive 

Order No. 10925; t h a t  he /x/ has,  L/ has not, Tiled a l l  

required compliance reports ;  and thzt representat ions 

ind ica t ing  submission of required compliance reports ,  

signed by proposed subcontractors,  i r i l l  'LE obtained p r i o r  

t o  subcontract awards. 

Monsanto R e s e a r c h  C o r p o r a t i o n  
m i z a t i o n  

BY : p. '??.( 
E .  N .  R o s e n a u i s c  

TITLE: LaboratoGy d i r e c t o r  

DATE: 2 1  July 1965 
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CE?Tij?ICATE OF CE32.ENT C9ST OR P R I C I N G  DATA 

Pulrchase Request No. 

ThLs is t o  c e r t i f y  t h a t ,  to t h e  b e s t  of my knowledge and b e l i e f :  

(I) c o m p l e t e = ~ p ~ e ~ ~ = ~ ~ ~ = ~ ~ ~ ~ )  ( c o s t  d a t a )  c u r r e n t  a s  of 

10 June 1965 have been cons idered  i n  pre-  
c o s t  estimate f o r  c o n t i n u a t i o n  of subcon t rac t  

Pa r ing  t h e  212, P r o j e c t  Agreement No, 5 

and submi t ted  t o  t h e  C o n t r a c t i n g  O f f i c e r  or h i s  r ep re -  

s e n t a t i v e ;  

( i f )  a l l  s i g n i f i c a n t  changes i n  t he  above d a t a  which occurred 

s i n c e  t h e  aforementioned da te  through 10 June 1965 
( d a t e )  

have been s i m i l a r l y  submi t ted ;  and no more r e c e n t  

s i g n i f i c a n t  change i n  such  d a t a  was known t o  t he  under- 

s igned  a t  t h e  t i m e  of e x e c u t i n g  t h i s  c e r t i f i c a t e ;  and 

(iii) a l l  of t h e  d a t a  submi t ted  are  a c c u r a t e .  

10 June 1965 
(date of e x e c u t i o n )  

- NAME 

TITLE 

-;37.6!;;. ' 
i /  

Chief D w  H* Ffner ccountan t 

FIRM Monsanto Research C o n .  


