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X - R A Y  PHOTOELECTRON SPECTROSCOPY A N D  I O N  

SCATTERING SPECTROSCOPY CHARACTERIZATION 

OF COATED A N D  U N C O A T E D  PETN 

Pu S e n  Uang 
M o n s a n t o  R e s e a r c h  C o r p o r a t i o n  

Mound F a c i l i t y  * 
M i a m i s b u r g ,  O h i o  4 5 3 4 2  

a n d  

T .  N .  U i t t b e r g  
U n i v e r s i t y  o f  D a y t o n  R e s e a r c h  I n s t i t u t e  

D a y t o n ,  O h i o  4 5 4 6 9  

ABSTRACT 

Surface s t r u c t u r e s  o f  PETN and p l a s t i c  bonded PETN were s tud ied  by h i g h  r e s o l u t i o n  

X-Ray Photoelect ron Spectroscopy (XPS) and Ion S c a t t e r i n g  Spectroscopy (ISS). The 

coa t ing  m a t e r i a l  i s  a copolymer o f  v i n y l  c h l o r i d e  and chlorotrifluoroethylene. 

Specimen w i t h  4 w t .  2 coa t ing  m a t e r i a l  on PETN were used i n  these s tud ies.  High 

r e s o l u t i o n  elemented XPS spect ra o f  F I s ,  N I s ,  C 1s. and C 1  2p i n d i c a t e  t h a t  t h e  

su r face  o f  coated PETN (LX-16) show t h e  su r fdce  l a y e r  t o  be t h i n n e r  than 100A. 

3He+ ISS data on LX-16 suggest t h a t  t he  coa t ing  on PETN i s  no t  un i fo rm and i s ,  

in f a c t  absent i n  some regions.  

*Mound F a c i l i t y  i s  o p e r a t e d  b y  M o n s a n t o  R e s e a r c h  C o r p o r a t i o n  f o r  
t h e  U n i t e d  S t a t e r  D e p a r t m e n t  o f  E n e r g y  u n d e r  C o n t r a c t  
NO. DE-AC04-76-DP00053. 
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INT2ODUCTION 

The reasons f o r  c o a t i n g  a chosen exp los i ve  powder w i t h  a s p e c i f i c  su r face  b inde r  

are:  

1. t o  improve t h e  mechanical s t r e n g t h  o f  t h e  powders and thus  i nc rease  t h e  

r i g i d i t y  o f  t h e  p e l l e t s  i n t o  which t h e  powders a r e  pressed; 

2. t o  c o n t r o l  t h e  phys i ca l  c h a r a c t e r i s t i c s  o f  t he  powder su r faces  f o r  easy 

hand 1 i n g  ; 

3 .  t o  maximize t h e  energy ou tpu t  o f  t h e  exp los i ve  p e r  u n i t  volume; and 

4 .  t o  c o n t r o l  t h e  s e n s i t i v i t y  o f  t h e  exp los i ve  f o r  s a f e t y  o r  o t h e r  reasons. 

Whether t h e  above advantages can be achieved depends c r i t i c a l l y  upon t h e  cho ice  o f  

t h e  b i n d e r  f o r  a s p e c i f i c  explos ive,  t h e  percentage o f  t h e  b inde r ,  and t h e  t h i c k n e s s  

as w e l l  as t h e  u n i f o r m i t y  o f  t h e  coa t ing  i n  p l a s t i c  bonded exp los i ve  ( P B X ) .  

I f  t h e  chosen exp los i ve  has bo th  a h i g h  su r face  energy and a s p e c i f i e d  number o f  

a c i d i c  s i t e s ,  t h e  i d e a l  b inde r  t o  form a PBX would be one w i t h  r o u g h l y  an e q u i v a l e n t  

sur face energy and a complementary b a s i c i t y . l *  2 It was a l s o  b e l i e v e d  t h a t  i n  

order  t o  min imize t h e  s e n s i t i v i t y  o f  the  composite, a low modulus c o a t i n g  should be 

used, o the rw ise  a s t i f f ,  c rack -suscep t ib le ,  h i g h l y  s e n s i t i v e  composite w i l l  be 

formed.1. 3 
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XPS, a su r face  s e n s i t i v e  technique,  has been app l i ed  t o  analyze the  su r face  coa t ing  

o f  explos ives w i t h  a c e r t a i n  degree o f  success. 

t h i s  method t o  PBX was found t o  be doub t fu l . 4  The f a c t o r s  c o n t r i b u t i n g  t o  t h i s  

l i m i t a t i o n  are: 

However, t h e  o v e r a l l  a p p l i c a t i o n  o f  

1 .  sample charg ing due t o  t h e  i n s u l a t i o n  i nhe ren t  i n  organic  samples; and 

2. r e l a t i v e l y  l i m i t e d  r e s o l u t i o n  o f  XPS w i t h  respec t  t o  t h e  smal l  chemical ly  

s h i f t e d  b i n d i n g  energy d i f f e rences  f o r  carbon and oxygen. 

I n  t h i s  paper, we r e p o r t  su r face  a n a l y s i s  r e s u l t s  o f  coated and uncoated PER( 

characer t ized by XPS and ISS .  

SAHPLES AN0 SPECTROHETERS 

The explos ive,  p e n t a e r y t h r i t o l  t e t r a n i t r a t e  (PETN. CgHgN4012) has t h e  

f o l l o w i n g  molecular  s t r u c t u r e :  

y 2  

0 
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and the coa t ing  m a t e r i a l  i s  a copolymer o f  v i n y l  c h l o r i d e  and t r i f l u o r o c h l o r o -  

e thy lene ( t r a d e  named FPC 461), which has the  f o l l o w i n g  s t r u c t u r e :  

I 1  

I I  
H C 1  F F  c l F  1 
H H  

- ( - c - c - - ( - c - c - )m - 

PETN was d ispersed i n t o  water and PFC 461 d i sso l ved  i n  to luene.  FPC 4 6 l / t o l u e n e  

s o l u t i o n  was added i n t o  t h e  PETN/water m i x t u r e  and s t i r r i n g .  

evaporated and coated PETN d r i e d  a t  60C f o r  100 hours. The su r face  area o f  t h i s  

powder was measured t o  be 4110 cm2/g. 

w t .  X PETN and 4 w t .  % FPC 461. 

p iece o f  Fu l lum copper adhesive tape p r i o r  t o  spect roscopic  ana lys i s .  

Toluene was then 

The composi t ion o f  coated m a t e r i a l  i s  96 

A sma l l  amount of each sample was s p r i n k l e d  on a 

ISS spect ra were obta ined w i t h  a 3 1  Model 525 i o n  s c a t t e r i n g  spect rometer  which uses 

a 138" backscat ter  c o l l e c t i o n  geometry. 

concen t r i c  w i t h  a s i n g l e  pass c y l i n d r i c a l  m i r r o r  analyzer .  

us ing an i n c i d e n t  i o n  beam o f  3He+ a t  an energy of 2500 eV. 

was b a c k f i l l e d  w i t h  3He t o  5 x 10-5 t o r r .  

used t o  p rov ide  a source o f  low energy e l e c t r o n s  t o  reduce t h e  e f f e c t s  o f  p o s i t i v e  

charge b u i l d u p  on t h e  nonconductive specimen. 

I n  t h i s  system a 3H minibeam i o n  gun i s  

Spect ra were recorded 

The spect rometer  

A charge n e u t r a l i z a t i o n  f i l a m e n t  was 

The XPS spectrometer i s  a m o d i f i e d  A E I  ES-100 inst rument .  

t he  accompanying argon i o n  s p u t t e r i n g  system i s  pumped by a 110 l i t e r l s e c  i o n  pump 

and a 220 l i t e r / s e c  turbomolecular  pump. The vacuum achievable i n  t h e  sample 

chamber i s  10'8 t o r r .  The anode used f o r  a l l  t h e  XPS measurements was magnesium. 

The XPS b i n d i n g  energ ies were re fe renced  t o  t h e  C 1s peak from -CH2- a t  285.0 eV. 

Th is  spect rometer  with 
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RESULTS AND D I S C U S S I O N  

I l l u s t r a t e d  i n  F igures 1, 2 .  and 3 r e s p e c t i v e l y .  a re  t h e  o v e r a l l  XPS spect ra o f  

uncoated PETN ( t h e  exp los i ve ) ,  FPC 461 ( t h e  coa t ing  m a t e r i a l ) ,  and coated PETN 

(LX-16). Ni t rogen,  oxygen, and carbon were detected i n  PETN, as expected; f l u o r i n e ,  

ch lo r i ne .  oxygen, and carbon were de tec ted  i n  FPC 461. 

these elements were observed. 

spec t ra  o f  these t h r e e  samples a re  shown. These two s i g n a l s  can be observed a t  

b i n d i n g  energ ies o f  687.5 eV and 203.2 eV, r e s p e c t i v e l y ,  i n  both FPC 461 and LX-16. 

No F o r  C1 s i g n a l s  were observed f o r  PETN. 

C 1s spect ra which a re  shown i n  F igure 5. 

DuPont 310 Curve Resolver. F igu re  5 (a)  i n d i c a t e s  t h a t  i n  PETN, t h r e e  types o f  

carbon a t  b ind ing  energ ies o f  285.0 eV, 286.8 eV. and 289.2 eV w i t h  r e s p e c t i v e  

s i g n a l  areas o f  22%. 64% and 14% were observed. These s i g n a l s  can be p r i m a r i l y  

a t t r i b u t e d  t o  the  carbon o f  t h e  c e n t r a l  -C-  atom, o f  t h e  -CH2- groups, and o f  

contaminants con ta in ing  COX groups, r e s p e c t i v e l y .  

o f  -CH2- t o  -C- should be 4. 

presence o f  carbon contaminat ion from t h e  adhesive tape used t o  suppor t  sample. 

F igu re  5 ( c )  i l l u s t r a t e s  the  C 1s s i g n a l  o f  FPC 461; no r e s i d u a l  carbon i m p u r i t y  was 

observed. Th is  s i g n a l  can be deconvoluted i n t o  t h r e e  peaks a t  285.5 eV, 288.0 eV 

and 291.3 eV w i t h  r e l a t i v e  i n t e n s i t i e s  o f  45%. 29%. and 26%. r e s p e c t i v e l y .  The 

h ighes t  b ind ing  energy peak i s  due t o  -CF2-; t h e  peak a t  288.0 eV i s  due t o  t h e  

-CFCl-; and t h e  lowest  b i n d i n g  energy i s  probably  due t o  t h e  sum o f  -CH2- and 

-CHC1- groups. 

formula o f  t h e  b inde r  be ing [(-CF2CFC1-)3- (-CH2CHC1-)2]. 

In t h e  LX-16 sample, a l l  

I n  F igu re  4, h i g h  r e s o l u t i o n  F 1s and C1 2p XPS 

The most i n t e r e s t i n g  XPS da ta  a r e  t h e  

These spec t ra  were deconvaluated us ing  a 

I n  PETN, t h e  t h e o r e t i c a l  r a t i o  

We measured t h i s  r a t i o  t o  be 3, probably  due t o  t h e  

These areas agree c l o s e l y  w i t h  t h e o r e t i c a l  va lues based on t h e  

F igu re  5 (b )  
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shows C 1s XPS o f  LX-16. The peak a t  285.0 eV i n d i c a t e s  su r face  contaminant o f  

r e s i d u a l  carbon remain ing on the su r face  o f  t he  PBX; probably  t h i s  r e s i d u a l  carbon 

i s  to luene,  t h e  s o l v e n t  used i n  d i s s o l v i n g  FPC 461 d u r i n g  coa t ing .  

291.5 eV (18% o f  t o t a l  s i g n a l )  and 289.8 eV (19% o f  t o t a l  s i g n a l )  can be assigned t o  

-CF2- and -CFCl- o f  t h e  p l a s t i c .  

be i n t e r p r e t e d  as a combinat ion o f  -CH2- o f  PETN and - C H z C H C l -  of FPC 461. The 

f a c t  t h a t  t he  i n t e n s i t y  r a t i o s  o f  t he  photopeak a t  287.0 eV t o  t h a t  o f  bo th  t h e  

291.5 eV and 289.2 eV s i g n a l s  a re  - 1 r a t h e r  than 1 .5  suggests t h a t  t h e  -CH2- o f  

t he  PETN c o n t r i b u t e s  p a r t  o f  t h e  287.6 eV peak. 

two p o s s i b l e  exp lana t ions :  

The peaks a t  

The peak a t  287.0 eV (38% o f  t o t a l  s i g n a l )  can 

These da ta  on t h e  c m p o s i t e  suggest 

1. The p l a s t i c  c o a t i n g  f i l m  t h i ckness  o f  t he  LX-16 composite i s  l e s s  than  

l O O i ,  because t h e  mean f r e e  path, 1, f o r  t h e  C 1s pho toe lec t ron  i s  27A; 

thus  95% o f  t h e  t o t a l  i n t e n s i t y  w i l l  come from 3 

0 

0 

o r  81A. 

2. The p l a s t i c  c o a t i n g  on t h e  PETN p a r t i c l e s  i s  incomplete. 

The C 1s XPS d a t a  o f  PETN, FPC 461, and LX-16 a re  l i s t e d  i n  Table 1. 

These two p o s s i b l e  exp lana t ions  a re  supported by t h e  N 1s XPS da ta  g i v e n  i n  F i g u r e  

6 .  The b i n d i n g  energy o f  t h e  N 1s from t h e  PETN i s  408.2 eV as shown i n  F igu re  6 

(a). 

assoc iated w i t h  t h e  main peak a t  408.2 eV. The f a c t  t h a t  an N 1s s i g n a l  was a l s o  

observed i n  an LX-16 sample, as shown i n  F igu re  6 (b ) ,  i s  evidence t h a t  t h e  su r face  

coa t ing  i s  e i t h e r  t h i n n e r  than  l O O i ,  or incomplete, o r  both.  

Weak peaks a t  399.8 eV and 398.0 eV a r e  s a t e l l i t e  s i g n a l s  t h a t  can be 
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Figure 6 shows t h a t  t he  s igna ls  i n  the  s a t e l l i t e  reg ion  are broader i n  t h e  composite 

(b) than i n  the  PETN (a) .  

s t r u c t u r e  a t  400.3 eV b ind ing  energy i s  present  i n  the  composite b u t  n o t  i n  t h e  

explos ive.  

X-rays f o r  an extended p e r i o d  o f  t ime  a re  shown i n  F igu re  7. 

t h a t  X-ray induced decomposit ion o f  PETN forms t h e  new s t r u c t u r e  a t  a b i n d i n g  energy 

of 400.3 eV. 

C-NHp or C-N=N-C. 

This  change i n  peak shape i n d i c a t e s  t h a t  a new n i t r o g e n  

Three N 1s spec t ra  from an LX-16 sample t h a t  has been i r r a d i a t e d  w i t h  Mg 

These r e s u l t s  show 

Possib le  n i t r o g e n  s t r u c t u r e s  observed a t  t h i s  b ind ing  energy a re  

Residual gas ana lys i s  (RGA) o f  LX-16 d u r i n g  i r r a d i a t i o n  showed t h e  main gaseous 

products  t o  be 30, 44, 46 and 76 a.m.u. The poss ib le  assignments f o r  these products  

a re  as fo l l ows :  

30 - No, CpH6 

44 - Cop, N p 0  

46 - NO2 

76 - CHp-O-NO2 

The most i n tense  peak was observed a t  mass = 30. 

The t ime  dependence o f  LX-16 decomposit ion i s  g i ven  i n  Table 2 and i s  p l o t t e d  i n  

F igu re  8. These data show t h e  X-ray induced decanposi t ion o f  LX-16 t o  be a 

f i r s t - o r d e r  process. 

has been observed f o r  uncoated PETN. 

0 1s s igna ls  r a t i o e d  t o  t h e  N 1s s igna l .  These da ta  show n i t r o g e n  decreas ing more 

I t should be noted t h a t  s i m i l a r  X-ray induced decomposit ion 

F igu re  9 i l l u s t r a t e s  a p l o t  o f  t h e  C 1s and 
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r a p i d l y  than carbon o r  oxygen as t h e  t ime  of X - i r r a d i a t i o n  increases. 

t he  data p l o t t e d  i n  F igu re  9. Ue conclude from the  RGA and XPS da ta  taken d u r i n g  

X - i r r a d i a t i o n  t h a t  n i t rogen-con ta in ing  gaseous components, such as NOz, evolve 

from the  LX-16. 

Table 3 l i s t s  

Y i t h  ISS t he  composit ion o f  t h e  outermost atomic l a y e r  o f  a sample su r face  can be 

determined. 

ions, and some o f  these ions  w i l l  experience b ina ry  e l a s t i c  c o l l i s i o n s  w i t h  sur face 

a t a s .  From t h e  laws o f  conse rva t i on  o f  momentum and energy, t h e  energy o f  these 

sca t te red  pr imary i ons  can be c a p u t e d  i n  terms o f  t h e  masses o f  t h e  sample atoms. 

t h e  probe ions, and t h e  s c a t t e r i n g  angle. 

pr imary i o n  energy (E)  t o  pr imary i o n  energy (Eo). t h e  mass o f  t h e  sample atoms can 

be determined. 

U i t h  t h i s  technique a sample i s  bombarded w i t h  a beam o f  noble gas 

By measuring t h e  r a t i o  o f  sca t te red  

The probe gas used f o r  ISS measurements was 3He+ a t  2.5 KeV energy. The s p u t t e r  

r a t e  with 3He* i s  ve ry  low, probably  about 1Almin. Two d i f f e r e n t  areas o f  an 

LX-16 specimen were analyzed and, i n  bo th  instances, t h e  i o n  beaa covered severa l  

p a r t i c l e s .  The ISS da ta  g i ven  i n  F igu re  10 a re  rep resen ta t i ve  o f  one o f  t h e  two 

areas where t h e  sample has been exposed t o  5, 10. 12 and 45 min. o f  3He* 

exposure. 

i n i t i a l l y .  

o f  these elements apprec iab ly .  The scan taken a f t e r  45 min. o f  exposure on the  

f i r s t  spot  d i d  show a s l i g h t  increase i n  t h e  carbon energy reg ion.  The i n i t i a l  

d e t e c t i o n  o f  t h e  N s i g n a l  i n  t h e  coated powder suggests t h a t  t h e  su r face  o f  LX-16 

powders a r e  no t  complete ly  coated w i t h  FPC 461. Th is  i s  poss ib l y  due t o  t h e  low 

percentage ( o n l y  4%) o f  c o a t i n g  m a t e r i a l  used i n  t h e  manufacutr ing o f  t h e  LX-16 

cmws i t e .  

I n  bo th  cases, t h e  elements f l u o r i n e ,  oxygen, and n i t r o g e n  were detected 

Exposing f o r  longer  pe r iods  o f  t ime d i d  n o t  change t h e  r e l a t i v e  amounts 
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Tnere are d couple of points doout tne data w h i m  are not exglainable at this time. 

First, chlorine was detected using XPS, yet it was not detected witn ISS. It should 

appear at E/Eo = 0.74. 

could be that these elements actually are not present in the first few monolayers, 

although this does not seem likely. 

Secondly, very little carbon was detected with ISS. It 
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TABLE 1 

XPS DATA FOR C I S  IN PETN, LX-16, AND FPC 461 

SAMPLE BINDING ENERGY INTENSITY IDENTIFICATION 
(ev) (%) 

PETN 285.0 

2 8 6 . 7  

289.2 

22.0  

6 4 . 0  

14 .0  

FPC 461 285.5 

288.0  

291.3 

45 

29 

2 6  

- C H C l -  and -CH2- 

- C H C l -  

-CF2- 

LX-16 285.0 

2 8 7 . 0  

289.2  

291.5  

2 5  (-:-) and Residual ' carbon 

-CHZ-  and - C H C l -  

(COX) and -CFCI- 

-CF2- 
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TABLE 2 

PETN OECOMPOSlTlON AND NEW NITROGEN-CONTAINING PRODUCT FORMATION I N  L X - 1 6  INDUCED BY 
X - I R R A D I A T I O N  

T I N E  OF X - I R R A O I A T I O N  

(min) 

l N 4 0 8  1,408 
I n  

l N 4 0 0  I N 4 0 0  

29 

79 

129 

179 

229 

279 

367 

8.1 

7.3 

5.2 

3.0 

2.2 

1 . 7  

1 . 1  

2.09 

1.99 

1.65 

1.10 

0.80 

0.53 

0 . 0 4  

177 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
0
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



TABLE 3 

NITROGEN CHANGE I N  PETN SURFACE INDUCED BY X - I R R A D I A T I O N  

T I M E  OF X - I R R A D I A T I O N  

( rn in) 

lo(01s) 

‘ N  

2 4  

177 

250 

3 26 

1 . 1 5  

1.55 

1.98 

2 . 3 2  

4.77 

5.50 

6.99 

9 . 2 5  
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Figure 4. F 1 s  and CI 2p XPS spectra of (a) PETN (b) LX-16 (c)  FPC 461 
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286.8 eV 
I 

29 1 

-CF2 
291.3 eV 

Binding Energy (eV) 

Figure 5. C Is XPS spectra of (a) PETN (b) LX-16 (c) FPC 461 
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408.2 eV 
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399.8 eV 398.0 eV 
IL -  I I 

Binding Energy 

Figure 6. N 1 s  XPS spectra of (a) PETN (b) LX-16 (c) FPC 461 
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408.2 eV 

400.3 eV 

1 

I 

(C) 

Binding Energy 

Figure 7. N 1 s  XPS spectra of LX-16 caused by (a) 1/2 hr. (b) 3 hrs. and (c) 6 hrs. 
of x-ray decomposition 
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Figure 8. N 1s XPS Intensity changes due to Mg anode irradiation in LX-16 

186 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
0
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



C 

I !! .- 
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Figure 9. Nitrogen decrease in LX-16 during x-irradiation 
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F 

I I I I I 
0.4 0.6 0.8 

EIE, 

Figure 10. ISS spectra of LX-16 after (a) 5 min. (b) 10 min. 
(c) 12 min. and (d) 45 min. sputtering. 
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