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SUMMARY 

A hSgh speed l i q u i d  chromatographic method f o r  determining HMX and RDX 
i n  PBX 9404 has been developed. A 300 rng sample o f  exp los ive  i s  d isso lved 
i n  100 ma acetone, and a 40 v t  a l i q u o t  o f  the  s o l u t i o n  i s  then i n j e c t e d  
i n t o  an LC system us ing a 2 m Corasi 1 I I c o l  umn and a 30% paradioxane - 
70% cyclohexane c a r r i e r  a t  0.7 maimin f l o w  r a t e .  The separated HMX 
and RDX components a re  meqsured w i t h  a d i f f e r e n t i a l  UV-de tec t~ r .  The 
amounts o f  HMX and RPX a r e  then ca lcu la ted  from measured peak areas. 
Analyses o f  s tandards show reqQvery ~f HMX t o  be 99.7 + 0.4 percent  
and RDX i s  99.7 + 0.9 percent  recovered. Binder and p l a s t i c i z e r  qom- 
ponents do n o t  i n t e r f e r e  i n  t h g  ,analysis. 

INTRODUCTION 

As PBX 9404 i s  u t i l i z e d  i n  sqveral  weapons systems, a simple, accurate 
and p r e c i s e  assay f o r  HE components i s  e r i t i c q l  f o r  product ion and 
s t o c k p i l e  l abo ra to ry  eval  ua t i ons  (SLT). One method c u r r e n t l y  used 
f o r  HMX assay cons is t s  o f  determining t h e  b inder  ma te r ia l s  and assuming 
t h e  d i f f e r e n c e  t o  be HMX. Th is  technique i s  sub jec t  t o  p o s i t i v e  HMX 
b ias ,  as a l l  i m p u r i t i e s  a r e  counted as HMX. Another method i n  use i s  
an I R  spectrophotometr ic  de terminat ion  t h a t  i s  s p e c i f i c  f o r  t he  n i t r o  
group i n  HMX. I n  t h e  absence o f  RDX t h e  method i s  s p e c i f i c  f o r  HMX. 
The REX in te r fe rence  i s  n o t  impor tant  i n  analyses o f  resent  batches o f  
PBX 9404 (ma te r ia l s  made a f t e r  1964), b u t  i s  s i g n i f i c a n t  i n  the  ana lys i s  
o f  01 der  preparat ions.  

Therefore, a h igh  speed l i q u i d  chromatographic technique was developed 
f o r  t h e  r a p i d  and simultaneous determinat ion o f  HMX and RDX. Th is  
method i s  s p e c i f i c  f o r  bo th  HMX and RDX, and does n o t  depend upon o the r  
analyses f o r  c a l c u l a t i o n  o f  data. I n  t h i s  technique a sample o f  PBX 
9404 i s  d isso lved i n  acetone. An a l i q u o t  i s  then i n j e c t e d  i n t o  a 30% 
paradioxane - 70% cyclohexane c a r r i e r ,  A 2 m Coras i l  I 1  column separates 
t h e  HMX and RDX. Peak areas, as measured w i t h  a d i f f e r e n t i a l  UV de tec tor ,  
a r e  d i r e c t l y  p ropor t i ona l  t o  q u a n t i t i e s  o f  t h e  respec t i ve  components. 

EXPERIMENTAL 

. . 

. A1 1 separat ions were  ' p e r f o r m e d u s i n g  a Waters, Associates Model ALC 202 
, -  L i q u i d  -Chromatograph. The column .was f a b r i c a t e d  from 0.31.75 cm 09 x 

. . ' 200 .  cm l e n g t h  s t a i n l e s s  s t e e l :  t ub ing  and was packed w i t h  Coras i l  11. 
The c a r r i e r  .was .a 30% paradioxane/70% c y c l ~ h e x a n e  mixture,  and f l o w  r a t e  
was,'maintained a t . 0 . 7  maimin. A d i f f e r e n t i a l  UV 'detector  a ' t  254 nano- 
meters was used t o  de tec t  t\he separated components. . . . . 

. . 
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., PROCEDURE 

A 300 mg sample of PBX 9404 i s  weighed i n t o  a 100 ma vo lumet r ic  f l a s k  
and acetone i s  added t o  the mark. A 40 pa a l i q u o t  o f  the  s o l u t i o n  i s  
i n j e c t e d  i n t o  the  l i q u i d  chromatograph and the  HMX and RDX a re  separated, 
detected, and q u a n t i t a t i v e l y  measured from t h e i r  peak areas. 

DISCUSSION 

CALIBRATION OF EQUIPMENT 

I d e n t i f i c a t i o n  o f  t he  species separated by the  l i q u i d  chromatograph 
necess i ta ted  c a l i b r a t i o n  o f  r e t e n t i o n  t imes, Accordingly ,  the major 
components o f  PBX 9404 were chromatographed i n  the same m9nner as 
samples. Retent ion t imes a re  recorded i n  F ig .  1. The CEF was e l u t e d  
a t  the  same t ime as the  acetone, and n i t r o c e l l u l o s e  d i d  n o t  come through 
the  column. C a l i b r a t i o n  curves were prepared w i t h  s o l u t i o n s  o f  p u r i f i e d  
RDX and HMX i n  acetone. F ig .  2 shows t y p i c a l  c a l i b r a t i o n  curves fo r  
each ma te r ia l .  

INHERENT ACCURACY OF ANALYSIS 

A s y n t h e t i c  standard was prepared t o  con ta in  5 ~ g / ~ a  HMX, 0.5 U~/IJ!L 

RDX, 0.5 ~ g / v R  CEF and 0.5 u g l ~ a  NC. This standard was analyzed 
repeatedly f o r  HMX and RDX and r e s u l t s  are g iven i n  Table I. HMX 
recovery i s  99.7 + 0.4 percent  and RDX recovery i s  99.7 + 0.9 percent .  
Ana lys is  o f  t h i s  s y n t h e t i c  standard g ives the  maxiyum accuracy and 
p r e c i s i o n  which may be a t t a i n e d  by use o f  t h i s  method. Sample hetero-  
gene i ty  would decrease p r e c i s i o n  b u t  would n o t  a f f e c t  accuracy of 
measurement. 

ANALYSIS OF SAMPLE 

I n  order  t o  e s t a b l i s h  the accuracy of the LC method, as compared w i t h  
the  a l t e r n a t e  methods described prev ious ly ,  several  l i b r a r y  scimples 
were assayed f o r  HMX and RDX. The r e s u l t s  a re  shown i n  Table 11. 
The values obta ined by the new LC method agree very w e l l  w i t h  the  o l d e r  
techniques, and p r e c i s i o n  i s  excel l e n t .  Special  no te  should be taken 
o f  samples 219-58,37-62 and 93-140. The o l d e r  techniques measure RDX 
a$ HMX. When the  LC values f o r  HMX and RDX a r e  t o t a l e d ,  the  values 
agree very w e l l  w i t h  the other methods. 

CONCLUSIONS 

A new method f o r  determin ing HMX and RDX i n  PBX 9404 has been developed. 
I t  i s  more r a p i d  than prev ious techniques, and i s  q u a n t i t a t i v e  and 
prec ise .  I n  add i t i on ,  the capabi 1 i t y  f o r  simultaneous determinat ion  of 
RDX has been added. This  technique does n o t  i n v o l v e  empi r ica l  data o r  
ou ts ide  analyses. 
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Fig.  2. Sample Calibration Curves for tii!X and RDX 



Sample 

2-19- 58 
37-62 
93- 90 
93- 110 
93- 140 
620-4 

' : . .  
. . 

. , Table .I. Reproduci b-i l'i ty o f .  Measuring HMX and RDX . . . .. 
. . 

. . .  . .  . . . 
. . 

. . HMX' Added 
. . 

HMX Found ' . : kecovery RDX Added , . RDX Found ' Recovery .. . 

Sampl e ,; (,AS) , (pg ) , . (%).,. . . . ( , A  . - . .(pg.). (%). .  .;: .'; . .  
. . , . .  . . .  

. . 

Std 200 198 99.00 . 20 19.. 7 : . . 98.'50 
. ' .  . 

% HMX 
(IR) 

92.59 
93.79 
93.87 
94.07 
93.29 
93.80 

. :.,. .., 

. . 

.. , .. , 
. .  . 

% HMX . ,I 

(Physical )  

92.33 
93.95 
95.68 . . - 
93.26 
93.75 . : 

% HMX 
(LC) * 

87.46 
93.33 
93.88 
94.16 
93.12 
93.75 

. 199- 99.50 
. . .  199 . . 99.50 

. : . . .  . . _ ; 200 100.00 
198 a 99 .. 00 
200 100.00 , 
200 lOO.00 
199 99.50 
200 , 

% RDX 
(LC) 

19.9 ' "  99. SO 
19.8 . . 99;OO 
20.0. '. . . .  .100.00~ . . 
2&'1 100; 50. .: 
20,. 0 100.50 
20.2 101; 00 
19.7 . 98.50 . 

v 100.00 , ' 19,.9 99.. 50 
Y , . .  200 100'. 00 20.0 .100.'00 ' . 

Avg = 99.65 + 0.41 Avg' = 99,'7.0 + 0.86 

Tab1 e I I. Compari son of L i q u i d  Chromatographic ~ e t e r m i  n a t i o n  o f  HMX and R D X  w i  t h  ~1 te rna te  Methods . . 




