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ADHESIVE BONDING OF TATB/KEL-F 800 

NVlICE 

rpanl~rcd by the United Stntw Covcmment. Neither 
the United S ta te  nor the United S la t e  Energy 
Raearch and Development Adminirtntion, nor any o f  
their ompbyru,  nor any of their mntnclors. 
s ~ b c ~ n u a c l ~ m .  or their cmploycw, make  any 
wrmnty,  cxprur or implied, or arrumes any legal 
bbil i ty  or rcrpandbity for the ~ccuney, complelcnen 
or urnt lnm of any inforrmtion, l p p a n t u ,  p10dUEt Or 
pm- d i i l o u d ,  or rcprcvntr thrt its w would no1 

ABSTRACT . - . -. - -  

I T r iaminot r in i t robenzene  (TATB) bonded wi th  a copolymer of c h l o r o t r i f l u o r o -  
I 

e thy lene  and v iny l idene  f l u o r i d e  (Kel-F 800) has  been s e l e c t e d  a s  t he  h igh  

explos ive  f o r  use  i n  t h e  B77 bomb. The p las t ic -bonded explos ive  (RX-03-BB, 

. 7.5% Kel-F 800) has  high s t r e n g t h  and i s  l e s s  s e n s i t i v e  t o  shock i n i t i a t i o n  

than most prev ious ly  used high explos ives .  Adhesive bonding of RX-03-BB 

has proved t o  be  d i f f i c u l t ,  however, because of t h e  chemical composition 

of bo th  the  TATB and t h e  b inde r .  

We have made s t u d i e s  i f  t h e  c r i t i c a l  s u r f a c e  t ens ioq  of t h e  TATB, t h e  

b inde r ,  and t h e  RX-03-BB us ing  contac t -angle  measurements. Sur face- tens ion  

measurements were made on modified epoxies  and used a s  a guide i n  formulat ing 

new adhes ives .  Our new adhes ive ,  EXPLOSTIK 473, has  a s u r f a c e  t ens ion  less 

than RX-03-BB and has  s a t i s f a c t o r y  bond s t r e n g t h  t o  over 75OC. 

* 

DETAILS 

RX-03-BB (92.5% TATB, 7.5% Kel-F 800) has  been s e l e c t e d  a s  t h e  HE f o r  

use i n  t h e  B77 because of i t s  h igh  s t r e n g t h  ( g r e a t e r  than 10-MPa t e n s i l e  

--. -. . ... - , s t r e n g t h )  and because i t  i s  l e s s  s e n s i t i v e  t o  shock i n i t i a t i o n  than previous ly  

used HE'S based on HMX o r  RDX. I t  i s  necessary  t o  bond machined p a r t s  i n  

weapons assembly, and i t  i s  d e s i r e d  t h a t  any f a i l u r e  of t h e  bond be i n  t h e  

RX-03-BB. Th i s  has  p 0 s e d . a  severe  bonding problem because of t h e  low s u r f a c e  

ene rg i e s  of t he  TATB and Clle b inde r ,  and poss ib ly  because of t h c  g r a p h i t i c  

s t r u c t u r e  of t he  p l ana r  c r y s t a l s  of TATB. I n i t i a l  a t tempts  t o  bond RX-03-BB 

wi th  f a m i l i a r  adhesives gave low va lues  with adhesive f a i l u r e s .  Adiprene 

L-IOO/MOCA f a i l e d  a t  about 5.5 m a .  The Halthanes wi th  a d d i t i v e s  o r  pr imers  

f a i l e d  a t  2.5 t o  5 MPa. 

Basic  adhesion theory s t a t e s  t h a t  t he  s u r f a c e  t ens ion  of t he  adhesive 
I 

1 should be lower than the  c r i t i c a l  s u r f a c e  tens ion  of t h e  s u b s t r a t e .  I n  
I 
I o t he r  words, we t t i ng  and spreading of t he  adhesive on the  s u b s t r a t e  a r e  

necessary t o  obCain a good bond. 
h '  

We measured c r i t i c a l  s u r f a c e  t ens ions  of TATB, t h e  b inde r ,  and t h e  RX-03-BB 

by measuring con tac t  angles  of a s e r i e s  of . l iqu ids  of known surfs$< .. .. tensiion,: , . .  . 
' . ,  ,..> .. :., .a ; . . p .. 
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and e x t r a p o l a t i n g  t h e  cos ine  of the  con tac t  angle  9 t o  1.0.  A s  would be  

expected,  they were low-surface-energy s o l i d s  wi th  c r i t i c a l  s u r f a c e  tens ions  
: 

a s  'shown i n  Table 1 .  

Table 1 .  C r i t i c a l  su r f ace  t ens ion  of RX-03-BB and i t s  components. 

- -- - 
Surf ace  t ens ion ,  

M a t e r i a l  N/m 
- ------- -- 

Kel-F 800 3.1 

Pressed TATB 4.1 

RX-03-BB 3.7 
----- - ------- -- 

Surf ace  tens, ion measurements on some common. epoxy r e s i n s  a s  w e l l  a s  t h e  

pure epoxies  showed them t o  have h igher  va lues  than t h e  c r i t i c a l  s u r f a c e  

tens ion  of t he  RX-03-BB (Table .2) ; obviously they wou3.d not  wet w e l l .  

Table 2 .  Surface t ens ion  of some epoxy r e s i n s .  

------- -- -- 
Surface t e n s i o n ,  

Resin N/m 
------------------- - 

Epon 282/Versamid 140 3.9-4.1 

Epon 282/Mer'ginamid' L- 425 3 . 8  

Pure DGEBA (DER 332) 4.7 

Epon 828 5 .O -- -- ------ - 

We a r e  ab l e  t o  formulate  some modified epoxies  wi th  s u r f a c e  t ens ions  lower 

than t h e  RX-03-BB by blending a l i p h a t i c  epoxies  wi th  t h e  b isphenol  A based 

epoxy and adding a smal l  amount of a f luorocarbon s u r f a c t a n t ,  a s  shown i n  

Tab1.e 3 .  These formulat ions bonded w e l l  t o  the RX-03-BE, and t e s t s  showed 

them t o  be  compatible.  Hnwever, the glass  t r a n s i t i o n  tcmperature T was 
- g 

about 40°C a s  measured by TMA, and t h e  bond s t r e n g t h  dropped of f  r a p i d l y  

above t h i s  temperature.  



Table 3 .  Modified epoxies  t h a t  w i l l  bond RX-03-BB. 

--pep- 

* Formulation 1 ' . '  Formulation 2 
-- --- ---- 

DER 332 . 80 DER 332 8 0 

Epon 871 2 0 Epon 812 2 0 

V-140 100 V-140 150 

FC-430 0.3 FC - 430 0 . 3  

Sur face  tens ion :  3.2 x 10 - 2 - 2 
Surface  tens ion :  3.6 x 10 

Breaks RX-03-BB, Breaks RX-03-BB 
--- -- --- 

To g e t  t h e  d e s i r e d  h igh  s t r e n g t h  up t o  75OC, w e  were fo rced  t o . g o  t o  a 

"hot te r"  system wi th  a h ighe r  c r o s s - l i n k  d e n s i t y .  We d i d  t h i s  i n  two ways: 

(1 ) w e  used a s h o r t e r - c h a i n  a romat ic  epoxy, ERE 1359, a .digl.ycidyl e t h e r  of 

r e s o r c i n o l  i n  p l a c e  of DGEBA r e s i n ,  and ,(2) w e  added d i e thy l ene  t r i amine  t o  

t h e  cur ing  agen t .  It may be  r e c a l l e d  t h a t  Versamid 140 i s  a r e a c t i o n  product  

of d i e t h y l e n e  t r i amine  and f a t t y  a c i d  dimer.  This  formula t ion  we c a l l  

EXPLOSTIK 473 and i s  shown i n  Table  4.  Pre l iminary  tests show i t  t o  b e  

compatible wi th  RX-03-BB, and specimens of t h e  HE bonded wi th  t h e  new 

adhesive break  i n  t h e  HE a t  test temperatures  up t o  75OC. Note i t s  low s u r f a c e  

t ens ion  of 2.6 x 1 0 ' ~  ~ / m .  

Table  4 .  EXPLOSTIK 473: a new epoxy adhesive f o r  bonding RX-03-BB. 

Component w t %  - --- ---- 

Epon 871 ( D G @ s ~ e r  of f a t t y  a c i d  dimer) 3.9 

ERE 1359 (DGEther of r e s o r c i n o l )  54.6 

Versamid 1 40 

Die thylene  t r iamine  

Fluorocarbon s u r f a c t a n t  FX-430 
- 2 

Surface  tens ion :  2.6 x 10 N/m 

'Breaks  RX-03-BB up t o  75OC 
-------- 



HANDLING CHARACTERISTICS OF EXPLOSTIK 473 

e 'F igure  1 shows the  v i i c o s i t y  v s  t ime p r o f i l e ' o n  a t h i n  f i l m  as measured 

wi th  a cone and p l a t e  rheometer.  The slow i n c r e a s e  of v i s c o s i t y  a f f o r d s  ample 

a p p l i c a t i o n  time. While t he  appl ied  adhesive cures  s lowly,  a' 130-g mass w i l l  

g e l  wi th  moderate exotherm i n  34 min. 

To e s t a b l i s h  s a f e  handl ing times a f  t e r  t he  a p p l i c a t i o n s  of EXPLOSTIK 473, 

a q u a n t i t a t i v e  eva lua t ion  of r e a c t i o n  r a t e  was necessary.  DDS (dynamic 

d i e l e c t r i c  spectroscopy) was employed f o r  t h i s  purpose. Capaci tance and 

d i s s i p a t i o n  f a c t o r  were measured i n  t h e  frequency range of 100 Hz t o  1 KHz, 

Fig,. 2. Loosely def ined ,  capac i tance  r e f l e c t s  t h e  a b i l i t y  of a d i p o l e  t o  

comply w i t h  a change i n  p o l a r i t y  wh i l e  d i s s i p a t i o n  f a c t o r  denotes  t h e  

measurement of t h e  a c t u a l  response.  A s  we view t h e  curves of t h e  capac i tance  

v s  t ime a t  room temperature,  w e  s e e  a slow drop over a per iod  of about fou r  

h r .  There i s  no sudden drop i n d i c a t i n g  r ap id  g e l a t i o n  b u t  r a t h e r  a slow, ' 

progres s ive  hardening. 

I n  viewing t h e  d i s s i p a t i o n  v s  t i m e  curves ,  one must bear  i n  mind t h a t  t he  

lower t h e  l o s s  tangent  v a l u e ,  t h e  h ighe r  t h e  molecular weight a t  a given 

temperature;  and t h a t  l a r g e  molecules a r e  more respons ive  t o  high f r equenc ie s  

and smal l  ones more responsive t o  low f requencies .  With t h e s e  p o i n t s  i n  mind, 

we observe a peak i n  t he  1 KHz scan i n d i c a t i n g  a s t e a d i l y  i nc reas ing  molecular 

.weight commencing a t  about 1.25 h r  wi th  the  sma l l e r  molecules j o i n i n g  t h e  

developing network a t  about  t h r e e  h r .  Af t e r  about s i x  h r ,  e s s e n t i a l l y  a l l  

a c t i v i t y  subs ides  i n d i c a t i n g  c u r e  t o  be complete a t  room temperature.  

One p o i n t  remained t o  be demonstrated - whether o r  n o t  our new formula t ion  

would r e t a i n  s u f f i c i e n t  i n t e g r i t y  a t  75OC. DDS was aga in  employed by 

monitor ing l o s s  tangent  v s  temperature from 23OC t o  172OC. I n  F ig .  3 ,  t h e  

hea t ing  r a t e  was cons tan t  a t  1.65°C/min. A t  a h o ~ l t  55OC, we o b ~ e r v c d  a low- 

order  d i s p e r s i o n  peak sugges t ing  some a d d i t i o n a l  r e s i d u a l  cure  t o  be  t ak ing  

p lace .  A t  113OC t h e  100-Hz scan  went through a secondary t r a n s i t i o n  wi th  the  

1-KHz scan fo l lowing  a t  131°C. Suc.h l o s s  tangent  maxima a r e  a s soc i a t ed  wi th  

g l a s s  t r a n s i t i o n .  By cool ing our  sample a t  t h e  same r a t e ,  we were a b l e  t o  

v e r i f y  t h i s  event  a s  a r e v e r s i b l e  t r a n s i t i o n  which reappeared a t  t h e  same 

temperature.  

EXPLOSTIK 473 should perform w e l l  a t  temperatures  t o  about  100°C. 



Fig. 1. ViscusLcy vs time a t  room temperature f o r  EXPLOSTIK 473. Rotovisko 
t o r s i o n a l  rheometer wi th  cone and p l a t e  attachment was used, Gardener 
gc l  time f o r  130-g lllass i s  34 min. 
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Fig .  2. Capac i t ance  and d i s s i p a t i o n  f a c t o r  vs t ime a t  room tempera tu re  f o r  
EULOS,TIK 473.  Curves show s low g e l a t i o n  w i t h  c u r e  i n  7 h r .  





NOTICE 

This report was praparrd as an acoount of work 
aponaored by the United States Government. &ither the 
United Stater nor the United Stab6 Energy Reaeuch 
& Development Mministration, nor any of thsir 
employees, nor any of their contractom, rubcon'traotc)n, 
or tW mploybcr, &en any warranty, express or 
implied, or aasumes any legal liability or responsibility 
for thE aocumey, complet~aern or umfulaess of any 
infomation, appnratus, product or procxss dhloacd, or 
repnserits that its use would not inslnge 
privateIy.owned rights. 

ReBrence to a company or product name doer not 
im& approval or recommendation of the product by 
the Univerrlty of Wmnia or the US. Enew Resear& 
& Darelopment AdmWtrlion to the excludon of 
others that may be aritable. 

Printed in the United Sfates of America 
Available from 

Nationpl Technical Infbrmation Servim 
U.S. Department of Commerce 
5285 Poft Rayal Road 
Springfield, VA 22161 
Price: Printed Copy J ; Microfiche $3.00 

'&&I W.50 fm orcb adDitbnal 100 page Inonrnent rmm 601 to 1,000 p-; 
add $4.50 fix w h  Ddditioasl 100 page incranest over 1,000 ma. 



Technical hbmatkm Department 
U1WRENCE UVERMORE IABORATORY 
University of Califmia I LivemKxe, Califha California 945!50 




