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ABSTRACT .. , 

. Th is  r e p o r t  covers t h e  development o f  a  continuous process and the  
a  paratus f o r  t h e  synthes is  of h i g h  p u r i t y  hexani t r o s t i l  bene type I (HNS 
1 .  Optimum s o l u t i o n  concentrat ions and r a t i o s  were inves t iga ted,  and 
product  washing and . s l u r r y i n g  procedures were developed t o  y i e l d  a  h igh  
p u r i t y  product.. The synthesized products were evaluated aga ins t  t he  
Navy's WS-5003F s p e c i f i c a t i o n .  I n  add i t i on ,  o the r  t e s t s  suggested by 
Sandia Laboratory and/or developed in-house, were employed t o  enable 
b e t t e r  c l a s s i f i c a t i o n  o f  t he  exp los ive  and t o  assure i t s  s u i t a b i l i t y  f o r  
u l t i m a t e  use. In fo rmat ion  i n  t h i s  document w i l l  enable any f a c i l i t y  
t o  synthesize HNS I a t  a  p u r i t y  l e v e l  o f  approximately 99.5%, w i t h  

P y i e l d s  approaching 38%. 

D I S C U S S I O N  

GENERAL PROCESS DESCRIPTION 

Th is  cont inuous process f o r  t h e  synthesis o f  2,2',4,4',6,6'-hexanitrostilbene, 
t ype I (HNS I )  was f i r s t  repor ted  i n  a  U. S. Naval Ordnance Report(1).  
Th is  re ference d e t a i l s  optimum mixtures as w e l l  as the  chemistry o f  t he  U' 

reac t i ons  (F ig .  1) involved,  and gave a  s t a r t i n g  p o i n t  f o r  t h i s  e f f o r t .  
The process b a s i c a l l y  cons is t s  o f  meter ing two separate so lu t ions ,  
C l  o rox(2)  and tri n i  t r o t 0 1  uene (TNT) d isso lved i n  a  so l  vent  mix ture  o f  
t e t rahyd ro fu ran  (THF) and methyl a1 coho1 (MeOH) , i n t o  a  common j u n c t i o n  
and coo l i ng  c o i l  h e l d  a t  a  temperature o f  0 t o  5  C. The coo l i ng  c o i l  i s  4 

designed t o  be o f  s u f f i c i e n t  l eng th  t o  a l l o w  a  minimum r e a c t i o n  t ime 
(exothermic) o f  one minute a t  t h i s  temperature. A f t e r  f l ow ing  through 
t h e  coo l i ng  c o i l  t h e  m i x t u r e  i s  permi t ted  t o  empty i n t o  a  ho ld ing  r e -  
s e r v o i r  and r e a c t  t he re  (non-exothermic) a t  ambient temperature f o r  a  
p e r i o d  o f  18 t o  24 hours. Fol lowing t h i s  r e a c t i o n  period, t he  product 
i s  f i l t e r e d ,  washed, and d r ied .  

SYNTHESIS SYSTEMS 
\ 

.Laboratory Scale System . . 

A  small  l a b o r a t o r y  system (Fig.  2) ,  capable o f  producing a  n e t  y i e l d  o f  
approximately 8  g  o f  HNS a t  a  r a t e  o f  4 g/mjn was used t o  determine the  
f e a s i b i l i t y  o f  such a  process and t o  i n v e s t i g a t e  and con f i rm  optimum 
s o l u t i o n  concent ra t ions  and r a t i o s .  A t o t a l  o f  seventeen runs using 
t h i s  apparatus was accomplished, and a  compi la t ion  o f  these runs i s  
g iven i n  Table I. Requirements f o r  a  homogeneous mixture(1')  are 10 ma 
o f  Clorox s o l u t i o n  (5% by weight sodium hypoch lo r i t e )  and 1 g o f  TNT 
d i sso lved  i n  10.ma o f  THF and 5 ma o f  MeOH. 

(1)  Heat Resis tant  ExpZosives X V I ,  A New Synthesis  of 2,2 ', 4,4 ', 6,6 '- 
HexanitrostiZbene, Hh7S fC), K .  G. Shipp, NOLTR 64-34 fAD351283L). 

-' Q 
I '  

(2) . ConunerciaZ HousehoZd Bleach f  5.25% sodiwn hypochlori te)  manufactured 
* 

'4 

by the CZorox Company, Oakland, CaZifornia. 



5 This m ix tu re  proved t o  be optimum, and gave a r a t i o  o f  1.56 p a r t s  by 
volume o f  THF/MeOH/TNT s o l u t i o n  t o  1.0 p a r t  5% Clorox. Deviat ions f rom 
t h i s  optimum were employed by vary ing  so l ven t  r a t i o s ,  TNT and Clorox 
concentrat ions, and r a t i o s  o f  t he  two so lu t i ons .  I n  a l l  cases, these 
dev ia t ions  r e s u l t e d  i n  lower product  y i e l d  and i n  most cases decreased 
me l t i ng  po in ts .  A t  t h i s  p o i n t  i n  the  synthesis development, t h e  process 
was scaled up t o  a  1 kg system. 

One K i  1  ogram System 

Fig.  3 i s  a  photograph and Fig.  4 a  process f l o w  diagram o f  t h e  1 kg 
synthesis system. The f l o w  r a t e s  o f  the  two reac tants  used i n  the  
l abo ra to ry  apparatus were scaled i n i t i a l l y  by a  f a c t o r  o f  two and f i n a l l y  
increased t o  t h e  r a t e  where i t  i s  poss ib le  t o  produce 1 kg o f  ma te r ia l  
i n  approximately 88 minutes. Eleven 1 kg batches have been made t o  
date. Batches 1 and 2 were used t o  es tab l  i s h  the  proper f lows and c o r r e c t  
minor f laws i n  t h e  design. Batches 3 through 6 were used t o  f u r t h e r  
improve the  design, t o  maximize f l o w  ra tes ,  and t o  i n v e s t i g a t e  var ious 8 . washing and s l u r r y i n g  techniques. Batches 7 through 10 were made i d e n t i -  
c a l  l y  t o  determine the  r e p r o d u c i b i l i t y  of t he  o v e r a l l  process. Table 

'i I 1  .ou t l i nes  t h e  run' t o  r u n  v a r i a t i o n  o f  these batches. 

During the  r e p r o d u c i b i l  i ty runs, small dark i m p u r i t i e s  were apparent as 
the  Clorox s o l u t i o n  fed  through t h e  flowmeter. (These are  t h e  r e s u l t  o f  
a  r e a c t i o n  between the  Clorox and s t a i n l e s s  s tee l . )  Analys is  o f  t he  
f i n a l  product  revealed tha t ,  i n  most cases, water so lub le  and DMF i n s o l u b l e  
r e s u l t s  were o u t  o f  s p e c i f i c a t i o n  and l i q u i d  chromatography r e s u l t s  
showed the  p u r i t y  t o  be below t h a t  desi red.  The l a s t  synthesis r u n  (No. 
11) was made inco rpo ra t i ng  the  f o l  lowing improvements : 

1. On t h e  Clorox s ide  o f  t he  system: 

a. Where possib le,  Tygon tub ing  was s u b s t i t u t e d  f o r  s t a i n l e s s  
s tee l  tubing.  

b. Two s t a i n l e s s  s t e e l  con t ro l  valves were removed. 

c. The Clorox s o l u t i o n  was fed  d i r e c t l y  from the upper 
supply vessel d i r e c t l y  t o  the  s t a i n l e s s  s tee l  r e g u l a t i n g  
va l  ve. 

2. Hot d i s t i l l e d  water (95 C) was used ins tead o f  warm (70 C) tap 
water f o r  a l l  product water washes. 

3 .  Two DMF s l u r r y  steps were used ins tead o f  a  s i n g l e  s l u r r y  f o r  
product p u r i f i c a t i o n .  



Ana lys i s .  o f  Batch '11 showed dramatic improvement s ince,  the  .impuri ty- . .- 
. 1 eve1 and t h e  amount o f  f o r e i g n  i m p u r i t i e s  were "q ig r i i f  ' icant ly .  reduced;:. 

Zeiss p a r t i c l e  s i z e  ana lys i s  o f  Batch 11 ind ica ted .  a. s i g n i f i c q n t  change:' 
i n  p a r t i c l e  s i z e  when compared t o  the  reproduc ib i  1 i ty' batches.. .. This ; 
batch i'ndi'cates l a r g e r ,  c r y s t a l s  were produced. . However, B. E.T. ' 'specif i ;~ 
sur face.  area resu l ' t s  a r e  q u i t e  c lose  t o  those o f  t he  reproduci  b i  1 i ty : 
batches. Th is  synthes is  procedure has been .designated as t h e  present, 1. 
o f f i c i a l  Pantex process f o r  t he  synthesis o f  1 kg batches o f  HNS 1'. " A .- 

d e t a i l e d  synthes is  procedure i s  inc luded i n  t h i s  r e p o r t  as Appendix 1. 

Ten K i  1 ogram Sys tem 
. . 

Apparatus f o r  t h e  synthes is  of HNS I i n  10 kg s i z e  batches has been 
designed and i s  i n  t h e  process o f  being f a b r i c a t e d  -and assembled. Th is  

- - system-again i s  a s imple scale-up from the  labo ra to ry  apparatus, and 
w i l l  make i t  poss ib le  t o  produce 10 kg o f  ma te r ia l  i n  approximately 4 
hours. (F ig .  5 i s  a process diagram f o r  t h i s  system.) 

. . .  . . 
. . 

PRODUCT FILTRATION, AND PURIFICATION - .  

9 
I n i t i a l  e f f o r t  i nc luded  washings us ing  c o l d  acetone and tap  water. The 
products, when us ing  t h i s  procedure, were o f  low p u r i t y  and had s i g n i f i c a n t l y  
lower m e l t i n g  p o i n t s  than desired. S t a r t i n g  w i t h  t h e  f i r s t  ma te r ia l  
made us ing t h e  1 kg system, h o t  tap  water (70 C) was s u b s t i t u t e d  fo r  
,cold water and one dimethylformamide (DMF) s l u r r y  s tep  was incorporated 
i n  t h e  procedure. A study o f  p u r i t y  as a f u n c t i o n  o f  wash cyc les  was 
made on, Batch 5 by sampling the  product  f o l l o w i n g  each i n d i v i d u a l  wash 
o r  s l u r r y  cyc le .  Figs. 6, 7, and 8 are  graphic r e s u l t s  o f  t h i s  study. 

A t  t h i s  p o i n t ,  and before  i n i t i a t i n g  f u r t h e r  improvements, f o u r  1 kg 
batches o f  m a t e r i a l  were produced keeping t h e  synthesis, wash and 
p u r i f i c a t i o n  procedures as constant  as possib le.  This es tab l ished the  
r e p r o d u c i b i l i t y  o f  syn thes is  cond i t ions ,  and a l so  determined i f  the 
m a t e r i a l  produced was as un i fo rm as desired. 

The p u r i t y  o f  t h e  product  us ing t h e  rev i sed  wash and s l u r r y  methods was 
approximately.98.5%, s t i l l  below t h a t  desi red.  A n a l y t i c a l  r e s u l t s  o f  
t he  wash c y c l e  study p rev ious l y  referenced and water so lub le  t e s t s  
i n d i c a t e d  t h a t  t h e  two most l i k e l y  means o f  improving the  product  p u r i t y  
were : 

. . 
1. s u b s t i t u t e  h o t  d i s t i l l e d  water (95 C) f o r  h o t  tap water. 

.. 2. , Incorpora te  .an a d d i t i o n a l  DMF s l u r r y  s tep i n  the procedure. 



-2 Batch 11 was processed using these changes and a n a l y t i c a l  r e s u l t s  showed 
a  product p u r i t y  o f  99.5%. A l l  o the r  analyses were w i t h i n  s p e c i f i c a t i o n ,  
f o r e i g n  p a r t i c l e  contaminat ion was g r e a t l y  reduced, and t h i s  process f o r  
washing and p u r i f i c a t i o n  was adopted. The d e t a i l e d  f i n a l  procedure fo r  
product  wash and p u r i f i c a t i o n  i s  a l s o  contained i n  t h i s  r e p o r t  (Appendix 
1) 

ANALYSIS 

On labo ra to ry  sca le  synthesis work, d i f f e r e n t i a l  thermal ana lys is  (DTA) 
was the  o n l y  a n a l y t i c a l  t o o l  used f o r  product  eva luat ion .  The major 
p o r t i o n  o f  a n a l y t i c a l  e f f o r t  began w i t h  the  synthesis o f  t he  1 kg s i z e  
batches. I n i t i a l l y ,  these batches were tes ted  aga ins t  po r t i ons  o f  t h e  
Navy WS-5003F Spec i f i ca t i on .  Tests performed and the  s p e c i f i e d  l i m i t s  
are  l i s t e d  below: 

S p e c i f i c  Test  S p e c i f i c a t i o n  L i m i t s  

Me1 t i n g  P o i n t  -2  t o  +5 C o f  SCS* 

Maximum % by Weight 

Surface ~ o i s t u r e  & V o l a t i l e s  0.05 

Water Soluble Ma te r ia l  0.20 

DMF I n s o l  ubles 0.10 

*Standard Comparison Sample (SCS) specif ied i n  WS-5003F supplied by the. 
Quality Evaluation Laboratory (&EL) Naval A m n i t i o n  Depot, Crane, Indiana. 

Concurrent w i t h  these analyses and the  synthesis work, th ree o the r  
a n a l y t i c a l  areas were being inves t iga ted.  There were: (1) t e s t  r e v i s i o n s  
by Sandia t o  the  e x i s t i n g  Navy Spec i f i ca t i on ,  ( 2 )  new, a d d i t i o n a l  q u a l i f i -  
c a t i o n  t e s t s  proposed by Sandia f o r  HNS ma te r ia l  t o  be used i n  ERDA 
appl i c a t i o n s ,  and ( 3 )  development o f  a  1  i q u i d  chromatography t e s t  f o r  
t he  r a p i d  p u r i t y  ana lys i s .  o f  HNS samples. 

Proposed r e v i s i o n s  t o  the  Navy WS 5003F S p e c i f i c a t i o n  are  as f o l l o w s :  

Water Soluble Test: The sample s i z e  increased t o  10 g and the  
s p e c i f i c a t i o n  l i m i t  be reduced t o  0.03%. 

DMF Inso lub le  Test:  The sample s i z e  increased t o  10 g  and the 
s p e c i f i c a t i o n  l i m i t  dropped t o  0.03%. 

Tests proposed f o r  adoption i n  a d d i t i o n  t o  the  Navy Spec i f i ca t i ons  
inc lude:  



1. , ~ r e s s u r e / ~ e n s i t y :  This invo lves  pressing HNS I  a t  vary ing  
pressures w i t h  t h e  material .  meeting minimum dens i t y  requ i re -  
ments a t  these pressures. 

2. High Z X-Ray: Th is  t e s t  i s  made on th'e f i n i s h e d  mate r ia l  , to  ' 

determine t h e  number o f  fo re ign  p a r t i c l e s  present  w i t h  a 
d e n s i t y  exceeding t h a t  o f  t he  HNS I. 

. . .  
3. Fore ign  P a r t i c l e s :  An a n a l y t i c a l  method which a l lows t h e  

. . 
phys i ca l  examinat ion of f o r e i g n  p a r t i c l e s  in t roduced i n  the  
synthes is  process. 

: 4. S o l u t i o n  Conduct iv i ty :  A ' conduc t i v i t y  t e s t  t o  measure the  
' 

amount o f  i o n i c  i m p u r i t i e s  present  i n  t h e  ma te r ia l .  

5. Zeiss P a r t i c l e  Size: A microscopic method used i n  w h i c h  a 
rep resen ta t i ve  sample i s  photomicro,graphed and approximately 
1000 p a r t i c l e s  a re  phys ica l  l y  measured. 

8 
- 

F u l l  development o f  t h e  1 i q u i d  chromatography t e s t  ( inc luded a s  Appendix 
3 i n  t h i s  . r e p o r t )  gave a f a s t ,  accurate means o f  no t  on l y  assessing 
p u r i t y  but,  a l s o  q u a n t i f y i n g  the  amount o f  major i m p u r i t i e s  present.  .I 

The a n a l y t i c a l  da ta  d e t a i l e g  i n  t h i s  r e p o r t  r e f l e c t  t he  concurrent  
synthes is  and a n a l y s i s  e f f o r t .  Complete data e x i s t  o n l y  f o r  t he  l a s t  
HNS batch  synthesized (No. 11) because u n t i l  t h a t  time, f u l l  c a p a b i l i t y  
f o r  per forming a l l  analyses was n o t  a t ta ined .  The obvious s u p e r i o r i t y  
o f  t h i s  batch made t h e  f u l l  ana lys is  of previous batches unnecessary. 

F ig.  9 i s  a chrono log ica l  d i sp lay  of DTA thermogram me l t i ng  p o i n t  data 
s t a r t i n g  w i t h  t h e  f i r s t  l abo ra to ry  batch made and ending w i t h  the  l a s t  1 
kg batch synthesized. M e l t i n g  p o i n t s  were determined using the  tangen t ia l  
method o f  assessment. (Placed on t h i s  f i g u r e  a l s o  a re  s i m i l a r  r e s u l t s  
f o r  t he  Navy standard HNS I  and I 1  mate r ia l s .  ) 

Table I 1 1  l i s t s  l i q u i d  chromatography r e s u l t s  on ten  o f  t he  1 kg batches. 
The a n a l y t i c a l  column used separates the  th ree component mix ture .  However, 
t h e  r e s u l t s  a re  n o t  considered absolute. The p o s s i b i l i t y  e x i s t s  t h a t  
small  amounts o f  o the r  i m p u r i t i e s  may be present  and n o t  separated 
du r ing  t h e  ana lys i s  process. Batch 11 i s  c l e a r l y  super io r  and r e f l e c t s  
t h e  improvements made i n  synthesis and washing procedures: 

Table I V  i s  a comp i la t i on  o f  Navy S p e c i f i c a t i o n  t e s t s  on a l l  o f  th,e 1 kg 
s i z e  batches. Again, Batch PX-11 i . s  super io r .  

Batches 7, 8, 9, and 10 ( t h e  r e p r o d u c i b i l i t y  runs)  were analyzed by the  
/ Zeiss method t o  determine the  p a r t i c l e  r e p r o d u c i b i l i t y  o f  the  synthesis 

process. Table V  o u t l i n e s  th ree p a r t i c l e  c h a r a c t e r i s t i c s  ex t rac ted  from 



4 
t he  Zeiss p a r t i c l e  ana lys i s  repor ts .  (The complete Zeiss r e p o r t s  f0.r 
these and batch P X - 1 1  a re  inc luded as Appendix 2 i n  t h i s  repor t . )  
Resul ts  o f  t he  f o u r  r e p r o d u c i b i l i t y  batches show t h e  process t o  have 
excel 1 e n t  reproduci  b i l  i ty. Zeiss ana lys i s  r e s u l t s  on Batch 11 d i f f e r  
from t h e  previous f o u r  batches due t o  s i g n i f i c a n t  changes i n  wash and 
s l u r r y  methods; however, t h e  improved process should be equa l l y  repro-  
duci  b l  e. 

A Beckman Model RX-16B2 Conduct iv i ty  Meter and a General Radio Decade 
Capacitor Type 1412 BC were used i n  con junc t ion  w i t h  an LSU type con- 
ductance c e l l  t o  determine the  c o n d u c t i v i t y  o f  HNS samples. Ce l l  con- 
s tan ts  were determined us ing th ree  vary ing  concentrat ions of potassium 
c h l o r i d e  and readings taken o f  samples and so lu t i ons  l i s t e d  i n  Table V I .  
This  t e s t  i s  an e x c e l l e n t  means o f  measuring i o n i c  i m p u r i t i e s .  

t Foreign p a r t i c l e  contaminat ion o f  HNS I samples was determined us ing 
a procedure out1 ined by Sandia Laboratory. HNS samples a r e  d isso lved i n  
110 C DMF and passed through Nos. 40, 60 and 100 U.S. Standard sieves. 
The sieves a re  then washed, d r i e d  and the  number o f  f o r e i g n  p a r t i c l e s  are  
counted on each sieve. F ig.  10 d i sp lays  photographs o f  f o r e i g n  ma te r ia l  
found i n  two l o t s  o f  HNS I. (PX-11 and Chemtronics 66-48). 

*..# 

Table V I I  conta ins complete a n a l y t i c a l  data on the  l a s t  1 kg batch 
synthesized a t  Pantex (PX-11) , Chemtroni cs L o t  66-48 and p a r t i a l  r e s u l t s  
on the  Navy's HNS I standard ma te r ia l .  

Pantex Batch 11 has been tes ted i n  the  dens i t y  range o f  1.45 t o  1.65 Mg/m3 
f o r  the  i n i t i a b i l i t y  o f  compacted HNS I 1  aluminum sheathed MDF o f  0.38 
g/m core loading.  The f a i l u r e ' t o  i n i t i a t e  r a t e  i s  zero w i t h  excess 
t r a n s i t  t imes ranging f rom zero a t  t he  lowest  dens i t y  l e v e l  t o  20 nano- 
seconds a t  the  h ighest  densi ty .  

CONCLUSIONS 

The synthesis and p u r i f i c a t i o n  processes o u t l i n e d  and d e t a i l e d  i n  t h i s  
r e p o r t  descr ibe procedures t o  produce hexani t r o s t i  1  bene, type I (HNS I) 
w i t h  a p u r i t y  o f  approximately 99.5% a t  y i e l d s  approaching 38%. Thc 
process described i s  simple, has good r e p r o d u c i b i l i t y  and produces a 
ma te r ia l  t h a t  performs adequately and i s  super io r  t o  o the r  HNS I tested 
t o  date. 

For app l i ca t i ons  i n  which t h i s  ma te r ia l  i s  used as HNS I, the proposed 
a d d i t i o n a l  t e s t s  o f  pressure/density,  f o r e i g n  p a r t i c l e ,  h igh  Z X-ray, 
and c o n d u c t i v i t y  should be inc luded i n  t e s t s  f o r  ma te r ia l  c e r t i f i c a t i o n .  
This a d d i t i o n a l  t e s t i n g ,  coupled w i t h  the  rev i sed  Navy S p e c i f i c a t i o n  
tes ts ,  should i nsu re  proper func t i on ing  o f  HNS I components i n  devices 
where i t s  a p p l i c a t i o n  has been tes ted  and approved. 





NaOCl .othermi (0-5 c C) 1 ' '2. <-$02cH2c1 

- 
n02 

T r i  n i  t r o t 0 1  uene (TNT) T r i  n i  t robenzy l  Ch lor ide  ( In te rmed ia te)  

No2 02N . 

( NaOH) 
cH2c1 (NO.-~xothermicr  02NQ cH cHo "2 

Hexani t r o s t i  l.bene 

Reference: K. G. Shipp, Heat Resistant Exp Zosives, NOLTR 
G4-34 (April 22, 1964).  

K. G. Shipp, L. A. KapZan, J. Org. Chem. - 31, 857 
(1 966) .  

Fig.  1. Synthesis Reactions f o r  Hexan i t ros t i l bene  



P i n c h  
Clamp 

Copper - 
J u n c t i o n  

Rubber Tubing 

-- 

7.62 rn o f  Copper 
, Cool i n g  C o i l  

( For  Vacuum A s s i s t  

Rece iv ing  
Vessel 

F i g .  2. Continuous Ilili.5 5:lnthezi s Apparatus (Labora tory  
System - G r a v i t y  Flow) 

-9- 



Fig, 3. HNS I Synthesis System (1 kg batches) 



,19 l'i t r e  ~ o ' l y e t h y . 1  ene 
Tank w i t h  F l o a t  Valve 

(0.468 1 i t r e l r n i  n )  (0.3 l i t r e l r n i n )  

I ce IWater  Bath w i t h  
15.24 rn Cu Tubing 

NOTES: ' 1. P l a s t i c  Valve ( ~ j  
2. On-Off S t a i n l e s s  Valves ( X )  
3. Requ la t ing  S t a i n l e s s  Vc.l ves ( R )  
4. Three way S t a i n l e s s  Valves ( W )  
5 .  A l l  Tubing Cu Except cn  C!orox S ide  (Tyaon a.nd S t a i n l e s s )  

F ig .  4. HNS I Synthes is  System ( 1  kg)  



.'I2 ( 5  - 10 p s i g )  

270 L i  t r e  5% NaOCl 

I 270 L i  t r e  THF 
135 L i  t r e  MeOH 
27 kg  TNT 

F l  owmeters 
52.84 L i t r e  

Glassed 

Regu la t ing  
Valves 

t h i n )  (1.755 - a lm in )  - 
IU u 5  pm F i  1  t e r  ( S t a i n l e s s  S tee l  ) 

5  pm F i l t e r  , 

I '  

60.96 R, 1.27 cm 
Cu Tube, 0.76 m  
( Diameter, 25.5 
Rounds w i t h  3 . 1 8  
cm € fi I - 

* 

52.84 L i  t r e  Po lye thy lene  (2.88 L i  t r e / m i n )  HNS S o l u t i o n  

Tank ( I c e  Bath) with Air To Ho ld ing  Tanks 52.84 L i t r e ,  26.42 L i t r e ,  
Agi t a l i  on 2  - 13.2 L i t r e  Glassed (N2 Purged) 

1. A1 1  va lves s t a i n l e s s  s t e e l  ; seals.,, pack-ins, e tc . ,  s t a i n l e s s  o r  Tef lon..  
2. A l l  t u b i n g  o t h e r  than  j u n c t i o n ,  r e a c t i o n  c o i l  and c l o r o x  feed lines: 1.21 cm s t a i n l e s s .  
3. A l l  sea l s  i n  c o n t a c t  wiith THF: T e f - o n . o r  m e t a l l i c .  . . 

. , . , . . . . 

F i g .  5. HNS I Synthesis System (10 k g )  



Key t o  Wash Cycles 

1 - Raw HNS I 
2,3,4,5 - Acetone Washes 
6,7,8,9 - Hot Water Washes 
10,11,12 - Acetone Washes 

18 - A f t e r  Hot DMF S l u r r y  
'14,15 - Acetone Washes 
16,17 - Hot Water Washes 

18 - Acetone. Wash 

Nash Cycle Status 

.. . , 

F ig .  6. P u r i t y  o f  H I S  I as a u n c t i o n  o f  Wash cycles (Batch No. h - 0 5 )  . 
' . 



Key t o  Wash Cycles 

1 - Raw HNS I 
2,3,4,5 - Acetone Washes 
6,7,8,9 - Hot Water Washes 
10,:1,12 - Acetone Washes 

- 13 - A f t e r  Hot DMF S l u r r y  
:4,15 - Acetone Washes 
:6,17 - Hot Water Washes 

18 - Acetone Wash 

bash Cycle Status . . 

. . . *  . 
F ig.  7. ~ e d u ~ t i o n  o f  Tr in i t robenzene /During Wash Cycles o f  HNS I (Batch No. PX-05) . . . .  . .  



F i g .  8. Reduction o f  ~ e x a n i t r o b i b e n z y l  Dur ing Wash Cycles o f  HNS I (Batch No. PX-05) 



1 kg System 

Lab Scale 0 
311 C 

Run No. 1 
316 C : 

Run No. ,2C 

.. .. . . , ' .  315 C 308 C 314 C 315 C 317 C 
Run 140: 2 Run. No. 4* R.un No . 6* RunNo. 8 . RunF?o, 11 

315 C 317 C , 

HtlS I HNS I 1  

" ~ a t c h e s  where the  f i l t e r  press wns used for i n i t i a l  f i l t c ~ i n g  and washing. 

* *2ilavy Standard Cer t i f i ca t ion  Samples 

F i g .  9. DTA Therniograms o f  Synthesized I'HS (Kel ti ng Points )  





Run 
No .. 

Table I .  Compilation of HNS-I Runs 
. . 

. . .  . .. . . , ... 
<.: . 

Solution 1 Solution 2 . :  , '  . I  

Cl orox H20 'THF MeOH TNT Solution Ratio 
(ml) Wt. % NaOC'l.. (mL) (ma (me) (9) Sol. 2/Sol. 1 

Underscored data irzdica-ie changes f ~ o m  :previous rmn .* . 
* - . . 

Product Data 
Yield M.P. 

4 1 314 

31.6 307 

5.5 305 

SCRAPPED 

40 313 
- 313 

Avg. 39.7 312 
- 3 12 

31.5 310 

42.5 314 

41.5 314 

41.5 312 

43.5 313 

40.5 , 312 

3 6 315 

40.5 316 



Tab1 e I I. Reproduci b i  1 i t y  Run ~ e t a i  1 s 

. . 

Run -Clorox Flow o f  THF F i n a l  ' . . . 
Flow MeOH & TNT Flow . ' Y i e l d  Y i e l d  . ' Time 

. . Batch No. 
. . 

( n i n )  : (malmin) ' (rnalmin) ~ a t i o  . .  ( g )  (%) 

PX- 10 8 7 . 8  . , , ,296.4 

Average ' 87 .3  . 296.0 

Range . . 1 . 3  4 .4  

*/Jot optimum flow ra t io  of 1.56 because a t  t h i s  time the main concern 
was i n  run de ta i l  and particle s i ze  reproducibility. (The deviation 
from optimum (0.06) re su l t s  i n  s l igh t l y  reduced yield.  ) 

. . 
**The variation i n  y i e  ld lfigures hre not indicative of r&roducibi lity. 

LOSS of material. during';.the f i l t er ing  process varies t o  the extent 
tha* these figures are J+sted for comparison purposes only.' 

'Ix: I 



Table 111. HNS I Synthes is -L iqu id  Chromatography Resul ts  

Batch No. % HNS % Hexani t r o b i  benzyl % 7 r i  n i  trobenzene 

. . 
PX-02 98.12 .' 1.71 .: 0.3 

PX- 11** 99,54 0.43 . ~ 0 . 1  . . .. . 

Navy HNS I Std. , 95.61 

Navy HNS . I 1  . Std. 98.55 

*Batches i n  which the  f i l t e r  press was used for i n i t i a l  fiZter2n.g and 
wus k ing .  

**Last batch made using improved slurrqing and washing tech??iqzras. 

***ReproducibiZitp batches. 



Table I V .  Navy Spec ' i f ica t ion  Test  Results 
on Ten Batches o f  HNS I 

Batch 
No. 

Surface 
Moisture & 

Vol a t i  1 es 
(Wt. %) 

water DMF 
Solubles " Insolubles . '  

(Wt. % )  (Wt. %) 

Me1 ti ng 
P o i n t  
0 

*Last . I  kg batch made using improt~ed synthesis and mshing proc&dures. 



Tab1 e V .  Ze iss Ana lys is  f o r  Four ~ e ~ r o d u c i  b i  1 i ty 
Runs of HNS I 

( P a r t i c l e  ' s ize  Data) 
. .  . . . 

. . .. . . . .  

Batch. 140. . 

PX-07 , 

PX-08, ., . ,, 

PX-09. ' , .  

PX-10, . . 

Avera'ge 

Range 

Average 
Length 

(urn) 

Average 
Width 
(lJm 

Equ iva len t  - - 
Spheri.ca1 

Diameter '  
. . (lJm> 



Table VI. Conduct iv i ty  Tes.ts o f  HNS I . . 

and Other So lu t ions  
. . 

, . , . . 

Conductance 
. ' Sample S o l u t i o n  (mhos ) 

1 ppm NaCl* 5.21 x 

F i she r  D i s t i l l e d  Water 1.55 x 

Navy Standard HNS I 4.24 x l om6  

Chemtronics L o t  66-48 (HNS I) 6.27 x l o m 6  

PX-11 (HNS I ) 2.11 x 10-6 

Las t  Water Wash on PX-11 

. *Proposed t o  be the maximum permissible conductance of 6 0.5 g srnnpie . . 

of HNS I when mixed with 50 mR of d i s t i l l e d  water. . . . .. 
. . 

, , 

. . . . 
. . : ,  



. . Table V I I .  Comparison Analys is  o f  HNS I Samples 

Chemtronics Navy 
S p e c i f i c  Test PX- 11 66-48 (SCS) 

Bul k Densi ty  (Mg/m3) 0.24 0.27 0.31 
Me l t i ng  Po in t  Range (C) 317-319 315-317 312-315 

Surface Moisture & V o l a t i l e s  (wt. %) 0.001 0.002 - 
Water Solubles (wt.  %)  0.028 0.054 - 
DMF Inso lub les  (wt. %)  0.004 0.031 - 

L i q u i d  Chromatography 

% HNS 

% Hexani t r o b i  benzyl 

% T r i  n i  trobenzene 

Conduct iv i ty  (mhos x 

Foreign P a r t i c l e s  Retained On 

U.S.S. 40 Sieve 0 

U .S .S .  60 Sieve 1 

U,S,S. 90 Sieve 11 

X-Ray Analys is  o f  High Z P a r t i c l e s  

> 0.003-inch < 0.010-inch 0 

- Not analyzed due t o  insu f f ic ien t  sample. 

*Tantativo cpnc~fi:cutio9z limits (1.w L h u L  u 0 . 5  g smrpze of' HfJS u i t h  SO mll 
d i s t i l l e d  water shall not exceed that  of 1 ppm sodim chloride solution. 
(Run wi.th the abovc tcoto t h i s  1 ppm PkzCl 32ud a conductiv.tty reading of 
,5.21 x mhos.) . . 





APPENDIX 1 

DETAILED P R O C E D U R E S  FOR PRODUCING HEXANITROSTILBENE ( H N S  I )  

( 1  k g  B a t c h  S i z e )  

I. APPARATUS, CHEMICALS AND SAFETY EQUIPMENT 

A, Apparatus 

1. Tank, l i n e a r  po l ye thy lene  w i t h  cover,  57 l i t r e  c a p a c i t y  
2. Tank, l i n e a r  po l ye thy lene  w i t h  cover  and sp igo t ,  38 l i t r e  c a p a c i t y  
3. Tank, same as above except  19 l i t r e  c a p a c i t y  
4. C o i l ,  coo l i ng ,  copper, 9.525 mm OD, 15.24 m l o n g  
5. Flowmeter, g lass /Te f lon ,  sh ie lded ,  Col e-Palmer s i z e  5 
6. F l o a t  va lve,  po lypropy lene  
7. Valve, s t a i n l e s s  s t e e l  (SS) , r e g u l a t i n g ,  Whitey No. SS6HTRS6 
8. Valve, B a l l ,  12.7 mm, Whitey No. SS45S6 
9. Valve, B a l l ,  9.525 mm, Whitey No. SS44S6 

10. Valve, B a l l ,  9.525 mm, three-way, Whitey No. SS44XS6 
11. SS tub ing ,  9.525 mm OD 
12. Tygon tub ing ,  9.525 mm OD 
13. B o t t l e s ,  po lypropy lene,  19 1 i t r e  c a p a c i t y  
14. F i l t e r  C lo th ,  Nylon, 15 ~lm opening 
15. Buchner Funnel, f i x e d  p e r f o r a t e d  p l a t e  
16. Steam o r  e l e c t r i c a l l y  approved h o t - p l a t e  
17. Scale, 25 kg c a p a c i t y  
18. Scale, 2 kg c a p a c i t y  
19. Oven, vacuum 
20. B u i l d i n g  a i r  and vacuum 
21. Spatulas,  carbon f i l l e d  

B. Chemicals 

1. Acetone, F i she r  c e r t i f i e d  
2. 'Dimethyl formamide, F i she r  c e r t i f i e d  
3. Methanol, F i she r  c e r t i f i e d  
4. Tet rahydrofuran,  H i s t o l o g i c a l  grade 
5. Clorox,  (Commercial household bleach, nii niliiuln o f  5.25 we igh t  

pe rcen t  sod i  um hypochl o r i  t e )  
6. D i s t i l l e d  wate r  

C. Sa fe t y  Equipment 

1. Exhaust v e n t i l a t i o n  f o r  syn thes i s  and washing areas 
2. F u l l  f ace  r e s p i r a t o r s  and s h i e l d s  
3. Rubber g loves,  aprons 
4. Misce l laneous (Normal s a f e t y  equipment and f a c i l i t i e s  f o r  

hand1 i n g  exp los i ves  and flammable s o l  ven t s )  



. . 
11. PRE-RUN OPERATIONS . , 

. . . . . . . .  . . ~. . . . . 
, . , : 

A. Thoroughly c lean a l l  s o l b t i o n  tanks and sample l i n e s  as 
f o l  1  ows : . . 

1. , Rinse Clorox s ide  o f  t he  system w i t h  d i s t i l l e d  water 
and d r a i n .  . . . . . . , .  . " .  , . . ?  . 

2. Rinse a1 1  tanks and sample 1  ines  on the  THF/MeOH[TNT 
s i d e  w i t h  acetone and f l ush  w i t h  'compressed a i r  u n t i l '  

. . 
. . 

. . . - - ' .  .dry: ( I n s u r e .  t h a t  t h e  Rotocone.. i s  :opera t ing .  and . . turned 
. . . .  . . .  -'on be fo re  us ing  acetone. ).. .. . . . . . .  . , 

. . . . .  . . 
B.' prepare '  feed s o l u t i o n s  as f o l  lows : ~. . . 

. . .  
. . 

1. THF/MeOH/TNT so lu t i on .  . . , . .  . . .  . . . . . . .  . . . . , .. 

a. 1n;o th ree  each polyprop~le~e'19-litre,containers 
pl.ace t h e  . f o l  lowi-ng: . . . . 

, . .  
' I . . 

. 9  '1 i t r e s  'o f  THF (17, pounds 9 ounces) . 
' 

4.5 1  i t r e s  o f  MeOH. (7  pounds 13 ounces), 
, 0.9 kg o f  TNT . . .  . . 

. . . . .  . . 
. . 

Note: . Solvents are. weighed direct  Zy . , into the 
po Zypropy Zene containers placed. on a .  @ lat-  
form scale located i n  Bay ,214. ..The TNT i s  
weighed on a 2 kg single pan balance. 

. . 
When weighing out the so luev2s, wear the 
so 2ue.n.l; resp.iratoq. - ; 

2. Clorox s o l u t i o n  . . 

a. Determine we igh t  percent  !sodium hypochlor i  t e  o f  
t he  c l o r o x  s o l u t i o n .  Ca lcu la te  the  volume o f  
d i s t i l  l e d  water necessary t o  reduce. the  ,hypochlor i  t e  
s o l u t i o n  t o  5.00%. . * ,  

. . 

b. Measure ou t  the  prescr ibed q u a n t i t y  o f  d i s t i l l e d  
water and t rans fer  i t  t o  a clea-n 3 . 8 - l i t r e  conta iner .  
(The amount o f  d i s t i l l e d  water var ies  according t o  
t h e  Cloron st rength,  and the  exact  amount necessary 
w i l l  be s p e c i f i e d  by the  superv isor  i.nvo1 ved. ) 

, . 

C. so l ven t  l oad ing  o f  system 

1 .' Insure  a1 1  the  TNT i s  di-ssol ved i n  the  th ree  conta iners 
before  proceeding. 



2. During t h i s  phase o f  t he  opera t ion  rubber gloves and 
f u l l  face  r e s p i r a t o r s  a re  t o  be worn, and opera t ions  a r e  
n o t  t o  s t a r t  u n t i l  i t  i s  insured the  Rotocone u n i t  i s  
exhaust ing p rope r l y .  

3. Check and close, i f  necessary, a l l  system valves. 

4. Place the  p o r t a b l e  l oad ing  p l a t f o r m  on t h e  r i g h t  s ide  of 
t he  syn thes is  stand. Remove the  cover from the  supply 
tank. 

5 .  Place t h e  ny lon  f i l t e r i n g  c l o t h  so a l l  so l ven t  going i n t o  
the  vessel i s  f i  1 tered.  

6. Transfer,  by pour ing slowly, t he  contents o f  two o f  t h e  
1 9 - l i t r e  conta iners  o f  the  THF/MeOH/TNT i n t o  the  supply 
tank. 

7 .  Open main supply va l ve  and l e t  i t  d r a i n  i n t o  the"f1ow 
c o n t r o l  tank u n t i l  t he  f l o a t  closes, thus s topp ing  the  

: f low.  ( I nsu re  f low stops a t  t h i s  p o i n t  be fore  proceedimg.) 

8. Trans fer  t h e  l a s t  o f  t he  th ree  THF/MeOH/TNT s o l u t i o n s  
i n t o  the  main supply tank and rep lace the  tank cover. . 

9. Place the  l oad ing  p l a t f o r m  on the  l e f t  s i de  o f  t h e  
syn thes is  stand, remove the  cover on the  Clorox tank, 
i n s t a l  1  t h e  ny lon  f i l t e r  and c a r e f u l l y  pour the Clorox 
and water i n t o  the  vessel . 

10. Open the  main Clorox vessel supply va lve  and a1 low the  
Clorox s o l u t i o n  t o  f l o w  t o  the  s t a i n l e s s  s t e e l  r e g u l a t i n g  
valve. 

D. Adjustment o f  f l o w  rales 

1. The procedure f o r  f low adjustment i s  i d e n t i c a l  f o r  bo th  
so lu t ions ,  there fore ,  d e t a i l e d  i n s t r u c t i o n s  g iven here 
f o r  the  Clorox s ide  a re  fo l lowed f o r  the  o the r  s o l u t i o n .  

2. Place t h e  th ree  way va lve  t o  the  bypass p o s i t i o n ,  p lace  a 
vessel f o r  con ta in ing  the s o l u t i o n  e f f l u e n t  and open the  

. r e g u l a t i n g  valve. (This  a l lows the  s o l u t i o n  t o  feed i n t o  
the  f l o w  meter through l;he r -eyu la t ing  va lve  and e x i t  t he  
system.) Regulate the  Clorox f l o w  u n t i l  the  f l o w  meter 
b a l l  p o s i t i o n  i s  l oca ted  a t  t he  18.5 d i v i s i o n  p o s i t i o n  
(0.305 1 i tre /mi  nu te)  . 
NOTE: The bottom of the baZZ res t s  on t h i s  position. 

3 .  Turn t h e  th ree  way va lve  t o  t h e  UFF p o s i t i o n .  



4. For t he  THF side, open the regu la t ing  valve, place the 
th ree  way valve t o  the bypass p o s i t i o n  and regu la te  the 
f l ow u n t i l  the  bottom' o f  the b a l l  i n  the f l o a t  valve 
r e s t s  a t  the  20 d i v i s i o n  p o s i t i o n  (0.470 l i t r e /m inu te ) .  

5. Turn the three way valve t o  the OFF pos i t i on .  

6. Place the  metered so lu t ions  back i n t o  t h e i r  respect ive  
containers . 

7. F i l l  t he  tank contain ing the coo l ing c o i l  w i t h  an ice /  
water mixture.  -(Approximately 20 'kg o f  i c e  i s  placed i n  
the tank and then water added u n t i l  the l eve l  reaches the 
top o f  the cool i n g  vessel. ) As the synthesis run pro- 
gresses the add i t i on  o f  more i c e  i s  necessary t o  mainta in 
the des i red temperature ( 0  - 2  C)  . 

8. Place a  metal thermometer i n  the ice/water so lu t ion.  

9. Adjust  the a i r  a g i t a t i o n  system f o r  the coo l ing tank 
u n t i l  adequate mix ing i s  evident. 

AT THIS POIBNT YOU ARE READY FOR THE ACTUAL SYNTHESIS OPERATION 

11 I. SYNTHESIS OPERATION 

A. I n i t i a l  checks and operat ions 

1. Insure the column e x i t  valve i s  i n  the open pos i t i on .  

2. Ad jus t  the vacuum valve o f  the rece iv ing  vessel u n t i l  
12.7 mm o f  vacuum i s  constant. 

. . 

3. Record the temperature o f  the ice/H,O bath. 
. .  . 

B. Start-Up 

1. Record the t ime t o  the nearest minute and simultaneously 
t u r n  the  2/3 'way valves t o  t he . co i 1  pos i t i on .  

2. Adjust  regulati.ng valves u n t i l  the pos i t ions spec i f i ed  
are  a t ta ined.  

3 .  Record the t ime the f i r s t  appearance o f  e f f l u e n t  from the 
c o i l  occurs. 



C .  Checks during the synthesis run' 

. 1. Keep a constant check on the flow meters to  insure they 
remain a t  the i r  intended positions. 

2. Insure the f l o a t  valve on the THF side of the system does 
not s t i ck  in the open position. 

3 .  Periodically, check the ice/H20 bath and add ice as 
necessary. 

D .  Changing, receiving vessels . . 

.. ' 1.. Close column ex1 t valve. > '  . 
. . . . . . 

2 .  Release vacuum and remove the vessel. . . . . .  . 

3 .  .Position the next vessel and apply vacuum to 12.7 mm. 

. .4. Open column e x i t  valve. , . 

5. Recheck flow meter ball positions and adjust i f  necessary. . 

E. Stopping synthesis ryn 

1. close the three way valves when the f i r s t  bubble appears 
in e i ther  flow meter. Record time to the nearest minute. 

2.  Allow vacuum to operate until  flow from the reaction coil  
ceases. 

3 .  The resulting reaction mixture i s  allowed to react a t  
ambient temperature for  a minimum period of 18 hours 
before f i l t e r ing  and washing operations are  in i t i a t ed .  

IV. SYSTEM CLEANUP 

A.  Remove the l a s t .  receiving vessel from the system and place a 
vessel so any dripping tha t  occurs will be caught. 

B. Isolate  the reaction coil frorn the  system by breaking the 
f i t t i n g s  on the coil side of regulating valves. 

C. Using vacuum and a solvent t rap,  clean the reaction coil  by 
pulling acetone up  through the coil from both solution sides 
of the system. Flush until the acetone becomes f ree  of 
contamination (colorless) .  



D. Thoroughly r i n s e  a l l  tanks and l i n e s  on the THF s ide w i t h  
acetone. 

E.. Thoroughly r i n s e  a l l  tanks ,and. l ines on the Clorox s ide w i t h  
d i s t i l l e d  water. 

. . 

F. Clean. the respect ive  nylon f i l t e r s  and replace a l l  tank covers. 

G. When a l l  t he  system has been cleaned, reconnect the c o i l  t o  
the r egu la t i ng  valves . 

. V .  PRODUCT FILTERING, WASHING, AND PURIFICATION PROCEDURES 

The amount of product  p lus  solvent  invo lved i n  i n i t i a l  f i l t e r i n g  opera t ion .  
, 

i s  approximately 64 l i t r e s .  This volume i s  d i s t r i b u t e d  i n  f ou r ,  19 l i t r e  
r ece i v i ng  vessels and i s  f i l t e r e d  using vacuum and fou r  270 m diameter 
Buchner funnels. I n i t i a l  washing using acetone and ho t  water i s  done i n  
these same funnels w i thou t  removing. the HNS from the funnels. A f t e r  
t h i s  i s  accomplished, the HNS i s  removed, dr ied,  weighed, s l u r r i e d  w i t h  
warm DMF, t rans fe r red  t o  one l a rge  Buchner funnel and rewashed w i t h  more 
acetone and ho t  water. 

T-ransfer the f o u r  19 1 i t r e  containers t o  f i l t r a t i o n  area. Insure the 
Rotocone i s  operat ing.  (Respirators must be worn dur ing i n i t i a l  f i l t e r i n g .  ) 

A. Connect the f ou r  Buchner funnels t o  fou r  4 1 i t r e  vacuum f lasks.  
. . 

B. I n s t a l l  the  nylon f i l t e r i n g  c l o t h  i n  the funne lsand  begin 
f i l t e f i n g  operat ions. 

. , 

..- C. Product p lus  so lvent  i s  ca re fu l l y  poured i ,nto each o f  the 
funne .1~  and t h i s  process Ys continued' u n t i l  a1 1 the HNS I has 
been trapped on the f i l t e r  and the waste solvent  has been pu l led  

. -  i n t o  the  vacuum f lasks .  

D. A f t e r  a l l  t he  i n i t i a l  solvent  i s  removed, fou r  washings o f  
acetone ,. th ree o f  boi  1 i ng hot  water, and the three more '!. 

acetone . . washings are  app l ied t o  the product. 
. , 

E . Washi rig . procedures 

. ' . F o u r  acetone washes are. accomplished as fo l lows:  

1. A f t e r  breaking the vacuum, add 1 l i t r e  o f  acetone t o  each 
o f  the Buchner funnels. 



2. '  Using a c a r b o n - f i l l e d  p l a s t i c  spatula, s l u r r y  the  HNS and 
acetone u n t i l  t he  HNS . i s  f u l l y :  suspended. 

3 .  Apply vacuum and remove the  acetone. 

. . 
4. Add 1.5 1 i t r e  of 95 C d i s t i  1  l e d  water, s l u r r y  and app ly  

. .  . . . .  
vacuum. 

5. Accomplish s tep  4 two a d d i t i o n a l  t imes. 
. , 

6. Repeat steps 1 through 3 th ree  more t imes. 

7. Trans fer  t he  crude HNS t o  metal d r y i n g  t rays ,  cover w i t h  
aluminum f o i l  and d r y  a t  100 C i n  t he  steam vacuum oven 
i n  Bay 215. (Approximately t h ree  hours w i t h  an a i r  bleed 
a l lowed t o  e n t e r  t h e  system. ) 

F. DMF s l u r r y i n g  procedure 

1. Remove the  HNS from the  vacuum oven and a l l o w  i t  t o  cool .  
Cool u n t i l  ambient temperature i s  a t ta ined .  

2. Weigh t o  determine the  y i e l d  o f  crude HNS. 

3 .  For s l u r r y i n g ,  t he  r a t i o  o f  DMF t o  HNS used i s  2.09 l i t r e  
per  kg o f  HNS. 

4. Heat the  DMF i n  a s t a i n l e s s  s t e e l  vessel t o  70 C on a 
steam h o t  p l a t e  o r  on an approved e l e c t r i c  u n i t .  (Th is  
should be done i n  a 'we l l  v e n t i l a t e d  area o r  i n  a hood 
where fumes may be c o n t r o l  led.  ) 

5. Trans fer  t he  1 kg o f  HNS (approximate) t o  a 2 -ga l l on  
s t a i n l e s s  s t e e l  vessel,  and add the  h o t  DMF and s l u r r y  
u n t i l  uni form. 

6. Al low  t o  cool  t o  30 C o r  l e s s  and f i l t e r  us ing  the  l a r g e  
Buchner funnel and nylon- f i 1 t e r  c l o t h .  

7. Repeat steps 4 through 6 w i t h  a second p o r t i o n  o f  DMF. 

8. The ma te r ia l  now i n  the  l a r g e  Buchner funnel  i s  then 
washed as i n  steps A through G i n  t he  washing procedure 
sec t i on  o f  t h i s  SOP w i t h  the  f o l l o w i n g  except ions.  

a. 3 l i t r e  o f  acetone i s  used f o r  each acetone wash. 

b. 3 l i t r e  o f  ho t  d i s t i l l e d  water i s  used f o r  each 
water wash. 



, . c. .: Sequence of washing cycles i s  as fo l l  ows : 
. . 

~ h r e e  acetone washes 
Four wa.ter washes . x 

Three acetone washes 

9. '  he material i s  then remokd from the ~uchlier funnel, placed 
on metal t rays and ,dried at. 100 C in t h e  vacuum oven i n  
Bay 215, overnight. . . . . 

. . 

. . 





APPENDIX 2 .  

Length (um) 

PANTEX SYNTHESIZED HNS 

Dens i ty  1.7400 ~ g / m ~  

PX-07 Hot DMF S l u r r i e d  

Zeiss A r i t h m e t i c  Means 

Width (pm) 

LengthIWidth R a t i o  

Cross-Sect i  onal  Area (pm2) 

Volume (urn3) 

Equ iva len t  Spher ica l  Diameter (pm) 

Surface Area (urn2) 

Degree o f  S p h e r i c i t y  

Equ iva len t  C i r c u l a r  Diameter (urn) 

Powder Uni f o rm i  t y  

Surface Areas ( c m v g  ) 

Frequency 

22 . 

Weight. 

58 

36 . 

1.87 

B.E.T. '29,900 



PANTEX SYNTHESIZED H.NS 

Densi ty  1.7400 Mg/m3 

PX-08 Hot DMF S l u r r i e d  

Zeiss A r i t hmet i c  Means 

. . 
Length (pm) 

C r o s s - ~ e c t i  onal Area (pm2) 
. . 

Volume (pm3) 

Equ iva len t  ' spher i ca l  Diameter (pm) 

Surface ~ r e a  (pm2) * .  4 . a, 

Degree o f  Sptierl c i  t y  

~ ~ u i v a l e n t  C i r c u l a r  Diameter ( ~ m )  

Powder ~ n i  form1 ty  

Frequency 

22 

Weight . . 

5 7 

35 , :. '. : 

. .  . 
1 .:87 " 

Surface Areas (cm2/g) , 

B.E.T. 26,200 



PANTEX SYNTHESIZED HNS 

e Length (urn) 

Width (vm) 

Length/Width Ra t io  

Cross-Sect ional Area (urn2) 

Densi ty 1.7400 Mg/m3 

PX-09 Hot DMF 'S lu r r i ed  

Zeiss A r i t h m e t i c  Means 

Frequency Weight 

Vol ume (pm3) 

Equ iva len t  Spher ica l  Diameter (pm) 

Surface Area (pm2) 

Degree' o f  Spher ic i  ty 

Equ iva len t  C i r c u l a r  Diameter (pm) 

Powder Uni fo rmi  t y  

Surface Areas (cm2/g) 

B.E.T. 27,400 



Density '1.7400 ~g/m3 . , 

J 
PX-10 Hot DMF S lu r r i ed  

Zeiss Ar i thmet ic  Means 
. . .  

Frequency 

Length (urn) 22 

Width (pm) 
. . 

11 

Length/Width .,. . Ra t io  1.99 

Cross-Sectional . . . Area. (urn2) 320 . ' . 

. , 
. . 

Volume (pm3) 1400 

- Equ iva lent '  Spherical Diameter (pm) 
, Ib 

. . 
Surface Area (pm2 ) 

. . .  

Degree o f  Spher i c i t y  

Equivalent  C i r cu l a r  Diameter (urn) 
. . 

Powder. Uni formi ty  

B.E.T. 26,500 

Weight 
. . 

t .  

56 ' ' 



PANTEX SYNTHESIZED H N S  

.. . 

Densi t y  1.7400 ~ g / m ~  

PX-11  Hot DMF S lu r r i ed  

Zeiss Ar i thmet ic  Means 

Length (um) 

Width ( ~ m )  

~ e n ~ t h / ~ i ' d t h  Rat io  

Cross-Secti onal Area (urn2) 

Volume (urn3) 

~ ~ u i  val  ent  Spherical Diameter (urn) 

Surface Area (urn2) 

Degree o f  Spher i c i t y  

Equivalent C i r cu l a r  Diameter (urn) 

Powder Uni formi ty  

Frequency 

2 6 

16 

Weight. 

6 2 

44 

1.64 

2800 

112000 

48 

10800 

0.81 

55 

3.22 

Surface Areas (cm2/g) 

B.E.T. 25,000 
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ABSTRACT 

Future  programmatic uses o f  HNS w i l l  r e q u i r e  s p e c i f i c a t i o n s  f o r  m a t e r i a l  
acceptance. A p u r i t y  assay of t h e  HNS should be a s i g n i f i c a n t  p a r t  o f  
t h e  s p e c i f i c a t i o n s ;  t h e r e f o r e  a r a p i d  accurate l i q u i d  chromatographic 
method was developed. Th i s  r e p o r t  conta ins  the  d e t a i l s  o f  t h e  method 
which i s  a p p l i c a b l e  t o  crude samples, normal p roduct ion  l o t s  and h i g h l y  
p u r i f i e d  spec ia l  batches. 

DISCUSSION 

H e x a n i t r o s t i l b e n e  (HNS) assays were made us ing  a l i q u i d  chromatographa 
w i t h  a 254 m p r e c i s i o n  photometer d e t e c t o r  and an i n teg ra to rb .  The 
l i q u i d  chromatograph employed th ree  columns (2.1 mn i n s i d e  diameter x 
1 m l e n g t h )  packed w i t h  Coras i l  IIC. The l i q u i d  pressure a t  t he  head o f  
t h e  chromatographic column was 1.03 IlPa. The f l o w  r a t e  was 3.5 mL per  
minute. Samples were prepared us ing  2.5 mg o f  sample per  15 mL o f  p- 
dioxane w i t h  5 V L  i n j e c t i o n s .  F ig .  1 i s  a chromatogram o f  a m ix tu re  
c o n t a i n i n g  75% HNS and 25% sym-hexanitrobibenzyl,  t h e  major i m p u r i t y  

- 
found i n  HNS. The chromatogram has th ree  major peaks, t he  f i r s t  being A, 

t h e  s o l v e n t  p-dioxane, t h e  second hexan i t rob ibenzy l  and the  t h i r d  HNS. 
For p u r i f i e d  samples o f  HNS where hexan i t rob ibenzy l  i s  t he  o n l y  major 
i m p u r i t y  present ,  t h e  peak areas found us ing  the  20% p-dioxaneln-heptane 
e l u e n t  a r e  s u f f i c i e n t  f o r  quant i  t a t i o n .  

Crude samples o f  HNS c o n t a i n  a t  l e a s t  f i v e  o t h e r  i m p u r i t i e s  which a r e  
n o t  separated f rom e i  t h e r  t h e  p-dioxane o r  from the  hexani t r o b i  benzyl 
peaks when t h e  20% e l u e n t  i s  used. I t  i s  found, as shown i n  F ig.  2, 
t h a t  i f  t h e  p o l a r i t y  o f  t h e  e luen t  i s  lowered by us ing  12.5% p-d ioxanel  
87.5% n-heptane these i m p u r i t i e s  a r e  a t  l e a s t  p a r t i a l l y  separated and a 
s e m i - q u a n t i t a t i v e - a n a l y s i s  can be performed, . 

The' major  i m p u r i t y  found i n  -crude HNS products was i s o l a t e d  us ing  a 
g r a v i t y  column' chromatografjh 1 m i n  l e n g t h  x 25 mm diameter packed w i t h  
s i l i c a  g e l .  The e l u e n t  used .was 302 p,-dioxane i n  n-heptane. This  
i m p u r i t y  was i d e n t i f f e d  as hexan i t rob ibenzy l  by I R  and NMR spectrograms. 
An HNS sample was r e c r y s t a l l i z e d  w i t h  p-dioxane u n t i l  no i m p u r i t i e s  were 
de tec tab le  by t h i n  l a y e r  chromatography. These i s o l a t e d  hexan i t rob ibenzy l  
and r e c r y s t a l l i z e d  HNS samples were used t o  make a l i q u i d  chromatograph 
standard. T r i n i  t r o t 0 1  uene (TNT) and, t r i n i  trobenzene (TNB) were i n j e c t e d  ' 

i n t o  t h e  l i q u i d  chromatograph and peaks were i d e n t i f i e d  as two o f  the  
minor  i m p u r i t i e s  found i n  the  .HNS chromatograms. 

a Liquid Chromatograph 820, h ~ o n t  Instrument Product Division, Wilmington, 
DE. 

b ~ n f o t r o n i b s  Mode 2 CRS 100, Irifotronics Corporation, 7800 Vestglen,  
Houston, TX. 

c Waters' Assoc. Inc.,  Frarningham, MA. 
I _  



CONCLUSIONS 

L i q u i d  chromatography i s  a f a s t  accurate method f o r  ana lyz ing  p u r i f i e d  
HNS samples, and w i l l  f u n c t i o n  adequately f o r  a semi -quant i ta t ive  
a n a l y t i c a l  method f o r  crude HNS samples. A chromatographic system using 
3 m o f  column packed w i t h  Coras i l  I 1  and from 12.5 t o  20% p-dioxane/n- 
heptane e luen t  system i s  capable of separat ing a t  l e a s t  f i v e  common 
i m p u r i t i e s  normal ly  found i n  crude HNS synthesized from TNT. 

FUTURE WORK 

Future work i s  planned t o  i d e n t i f y  the  unknown i m p u r i t y  peaks i n  t h e  
chromatogram. As these i m p u r i t i e s  a re  i s o l a t e d  and i d e n t i f i e d  more 
accurate q u a n t i t a t i v e  ana lys is  o f  HNS w i l l  be obtained. 



HNS 
Inst rument : .  DuPont 820 L iqu i -d  .. ' .  ' : 

chromatograph 
254 UV - Photo- 

.meter Detec tor  

Eluent :  .20% p-dioxane, 
80% n-heptane 

Pressure: 1.03 MPa 

Flow: 3.5 malrnin 

75% HNS 
25% Hexani t r o b i  benzyl , 

Plaster 

~ e t e n t i o n  Time ( c i i n )  . . 

F ig .  1 




