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ABSTRACT 

High p u r i t y  HNS, on a  l abo ra to ry  scale, has been repeatedly  r e c r y s t a l l i z e d  
from a.dual  s o l v e n t  system c o n s i s t i n g  o f  a c e t o n i t r i l e  and dimethylformamide. 
The c r y s t a l  1  i n e  c rop  has been subjected t o  p re l im ina ry  eva lua t i on  o f  
s p e c i f i c a t i o n  requirements. I 

INTRODUCTION 

k fh i le  i n v e s t i c ~ a t i n g  the  c r y s t a l l i z a t i o n  of HNS from i t s  DMF so lu t i on ,  i t  
was observed t h a t  i n t r o d u c t i o n  o f  acetoni  tri l e  i n t o  an HI.IS/Dt,lF so l  u t i o n  
acce lera ted  t h e  c r y s t a l l i z a t i o n  process. Furthermore, t he  ensuing c ry -  
s t a l l i n e  product  d isp layed except ional  c h a r a c t e r i s t i c s .  On a d d i t i o n  o f  
a c e t o n i t r i l e ,  Ct13CN, i n t o  a  h o t  s o l u t i o n  of  2,2', 4,4', 6,6'-hexanitro- 
s t i l b e n e  (HNS) i n  N,N-dimethyl formamide (DrlF), a  c r y s t a l l i n e  croo o f  
we1 1-defined HNS p a r t i c l e s ,  w i t h  a  bu l k  dens i t y  approaching 0.4 g/cc i s  
produced. 

Th i s  s tudy  was i n i t i a t e d  t o  e s t a b l i s h  the  acetoni t r i le-DMF volume r a t i o s  
involved,  a long w i t h  any o the r  phys ica l  factors,  which i n f l u e n c e  the  
c r y s t a l l i z a t i o n  o f  HNS f rom t h i s  so l ven t  p a i r .  

I 

EXPERIMENTAL 
* 

Apparatus: 

React ion Flask - 500 mk, round bottom; 3-neck 
Blender - Waring b lender - 2  speed (8000, 15000 rpm) 
S t i r r e r  - Cole Parmer, 4555-20, Dual shaf t  l abo ra to ry  s t i r r e r  
S t i r r e r  Rod - Glass (Te f l on  b lade)  
Thermometer - Percury 

HNS - Chemtronics, I iNS-1,  Lo t  66-48 
DrlF - F isher ,  D-119; F isher  C e r t i f i e d  ACS 
A c e t o n i t r i l e  - Burdick and Jackson, 3867 (Glass d i s t i l l e d )  
Other - A1 1  o the r  reaqents were best  grade a v a i l a b l e  from 

F isher  S c i e n t i f i c  Co. 

A l l  processing was promoted w i t h  utmost care t o  nrec lude ma te r ia l  con- 
taminat ion .  Clean glassware was emnloyed throughout. !*!here ground 
j o i n t s  were involved,  Tef lon  sleeves were em~loyed,  e l i m i n a t i n ?  the  use o f  

1 

crease. 

Acetoni tr i l  e  and DflF a re  completely n i s c i  b l  e. t!IJS i s  moderately so lub le  ! 
i n  DflF b u t  i t s  s o l u b i l i t y  i n  a c e t o n i t r i l e  i s  n e g l i n i b l e ;  thus, i t  was 
o f  i n t e r e s t  t o  e s t a b l i s h  s o l u b i l i t y  values of HrJS i n  composit ions o f  t he  
two so lvents .  Four s o l u t i o n s  (5, 10, 20 and 30% by volume o f  a c e t o n i t r i l e  
i n  DF1F) were prepared and cursory s o l u b i l i t y  values o f  HNS i n  t h i s  s o l u t i o n  
were determined a t  25, 50 and 70 C .  These values are  n l o t t e d  i n  F iq.  1 



Acetoni tri le/DIlF So lu t i ons  
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F i g .  1. S o l u b i l i t y  o f  tINS i n  Acc ton i t r i l e /D l lF  as a Funct ion 
o f  Temperature and concen t ra t i on  



which conf i rms t h a t  t h e  HNS s o l u b \ l i t y  r a t e  i n  an a c e t o n i t r i l e /  
DMF s o l u t i o n  decreases as the  a c e t o n i t r i . l e  content  increases. 

Dur ing  t h i s  s tudy  a l l  o f  the  HNS/DMF s o l u t i o n s  (8 g solute/100 ma 
s o l v e n t )  were t r e a t e d  s i m i l a r l y ,  except f o r  the  q u a n t i t y  o f  ace ton i  t r i l e  
employed. Th i s  cons i s ted  o f  volume r a t i o s  o f  10, 20 and 30 p a r t s  o f  
ace ton i  t r i l e / 1 0 0  p a r t s  o f  HNS/DHF s o l u t i o n .  The aceton i  tri l e  was poured 
i n  one operat ion,  i n t o  t h e  h o t  s o l u t i o n  (105 C). Throunhout the  process 
t h e  r e a c t i o n  f l a s k  contents  were s t i r r e d  a t  325 rpm. Fol lowing in t roduc-  
t i o n  o f  the  a c e t o n i t r i l e '  t he  o i l  ba th  was removed and the  f l a s k  contents 
were a l lowed t o  cool  s l o w l y  t o  40 C, be fore  the  ensuing c r y s t a l l i n e  crop 
was c o l l e c t e d  by f i l t r a t i o n .  The crop (% 1-3 g / e f f o r t )  was r i n s e d  tw ice  
w i t h  75 ma acetone ( h a l f  p o r t i o n / r i n s e )  and subsequently d r i e d  under 
p l a n t  vacuun a t  100 C f o r  one hour. 

A l l  t e s t s  were r u n  i n  d u p l i c a t e  and i n  a l l  endeavors, except Sample 
10/21/75, t h e  WMS/DMF mix tures  were heated over an o i l  bath u n t i l  
d i s s o l u t i o n  o f  t h e  HNS was a f fec ted .  The ensuing so lu t ions ,  w h i l e  hot,  
were t r a n s f e r r e d  i n t o  t h e  r e a c t i o n  f l a s k  by suc t i on  f i  1  t r a t i o n  through 
a fri t t e d ,  coarse-porosi ty, s i n t e r e d  g lass  funnel .  

The H!lS i nvo l ved  i n  t e s t  10/21/75 was a l s o  d isso lved i n  DMF a t  105 C, 
b u t  i ns tead  o f  be ing  f i l t e r e d  t h e  s o l u t i o n  was a l lowed t o  cool  t o  
ambient temperature. The p r e c i p i t a t e d  HFlS from the  c o l d  so lvent  was 
co l l ec ted ,  r i n s e d  tw ice  w i t h  acetone (% 40 ma/rinse! and dr ied .  This  
HNS (Sample No. 10/20/75-I?) was in t roduced i n t o  the  r e a c t i o n  f l a s k  and 
covered w i t h  DI4F (7 g HNS/100 ma DF.lF). The s o l u t i o n  from t h i s  mixture,  
a t  105 C, was subsequently t rea ted  w i t h  a c e t o n i t r i l e .  

Fo l lowing the  d r y i n g  o f  t h e  c r y s t a l l i n e  crops, bu l k  dens i t y  determinat ions 
were made before  the  HNS p a r t i c l e s  were t r a n s f e r r e d  i n t o  a  I;!aring b lender 
and covered w i t h  water (% 20 ma H20/g HNS). A c t i v a t i o n  o f  the  u n i t  a t  a  
f a s t  speed f o r  5  seconds promoted l o n g i t u d i n a l - f r a c t u r i n g  o f  t h e  cr.ystals.  

Th i s  t reatment  enhanced t h e  l enq th  t o  w id th  r a t i o  and increased the bu l k  
d e n s i t y  t o  above 0.6 g/cc. 

Table I provides a  summary o f  the t e s t  cond i t ions  invo lved i n  t h i s  study 
a lonq w i t h  t h e  me1 t i n ?  p o i n t  (DTA) and bu l k  dens i t y  determinat ions o f  the  
t e s t  samples be fore  and f o l l o w i n g  t reatment  i n  the  bl'ender. 

One sample f rom each experimental  s e t  was se lec ted  f o r  p re l im ina ry  
eva lua t i on  and each was subjected t o  anal.ysis by l i q u i d  chromatography 
(Table 11), vacuum s t a b i l  i t y  t e s t i n g  (Table 111) and p a r t i c l e  character-  
i z a t i o n  (Table IV ) .  

Alonq w i t h  t h e  t e s t  samples, composit ional analyses by l i q u i d  chromato- 
graphy were a l s o  determined f o r  Sample No. 10/20/75-R, from which HNS ! 
Samnle No. i0/21./75 was produced, and fo r  Chemtronics Ht4S I (66-48) and 
I 1  (66-47).  These analyses are a l so  l i s t e d  i n  Table 11. Comparison o f  
t he  composit ions o f  the  t e s t  samples w i t h  t h a t  o f  t!NS I (66-48) reveals 
t h e  degree o f  p u r i t y  promoted through u t i l i z a t i o n  o f  a c e t o n i t r i l e  i n  the 
c r y s t a l  1  i z a t i o n  process. 



Table I. Test Conditions Involved i n  Crystal  1 i z a t i o n  Endeavor 

So lu t ion  Bulk Me1 t i  ng 
Concentration CH CN/Sol u t i o n  Recovery Y ie ld  Density Po in t  

Sample No. (g/100 me HNS/DNF) ~me/100 m ~ )  (g)  ( % )  (g/cc ) (DTA) 

10-15-75-1 6.86 20 10.8 8 1 0.38 318.0 

10-15-75-1 7.96 20 12.4 7 9 0.30 317.0 

10-16-75-2 7 -93 2 0 13.0 83 0.39 317.5 

10-16-75-3 7.16 20 10.5 77 0.32 317.5 

Adjusted 
Bul k Density* 

(g/cc 1 
0.70 

0.64 



- 

Table 11. HNS Composit ion ( L i q u i d  Chromatographic) 

% Composit ion 
Sample No. T r i n i t r obenzene  HNS D ip i c r y le thane  

10-20-75-R ~ 0 . 1  99.41 + 0.12 0.59 2 0.12 
1 

10-21-75-1 ~ 0 . 1  99.90 <O. 1 
I 

- 
HNS I1  (66-47) ~ 0 . 1  99.67 0.01 0.33 k 0.01 I 

HNS I (66-48) ~ 0 . 1  97.37 k 0.07 2.63 1 0.07 
n 



* 
Table 111. Vacuum S t a b i l i t y  a t  260 ? 0.5 C 

H o t  Pressure Pressure 
Zone Temperature Temperature Bartherm Bartherm 

Volume I n i t i a l  F i n a l  I n i t i a l  F i n a l  
Sample No. 7;;. ( cc )  ( c )  ( c )  o o 

HNS I (66-48)  0.2018 25.59 23.5 675.3 675.3 1 0.2009 25.65 23.5 - 675.3 675.3 

* 
NOTE: Spec Values - Code I&nt 1061 :NORL/: 

(a! ml/g/20 min - HNZ I ,  2.6, M a x .  : HNS 11, 0.6, M a x .  
(b: mL/g/hr - HNS I ,  1.  I ,  ! d m . ,  CN6 11, 0.6, M a x .  

Volume Volume 
STP STP 

( m ~ / g / 2 0  mi n )  (ma/g/hr) 



Fisher  
Sub-Sieve 

Surface 
Area 

Sample No. (cm2/g) 

Table I V .  P a r t i c l e  Character iza t ion  - Zeiss Analysis 

Gas I 

Adsorption Microscopy 
Surface Surface 

Cross- 
Sect ional  

Area Area Length Width Area 
I [cm2/9) (cm2/g) (lJm) (vm) L/W (vm2) 

"repared  from Sample NG. 10-20- 75-R. 

Surface 
Area 
(vm2 

Volume 
(urn3 



The vacuum s t a b i l i t y  t e s t  values f o r  the  samples were determined through 
procedures outl ined i n  Para. 4.5.1.2, Code Ident 10001, WS 5003 F, Naval 
Ordnance Command (Rev. 5/6/74). These values, 1 i s t ed  i n  Table IV, a r e  
the  gas volumes, a t  STP, produced a t  260 + 0.5 C.  . . 

. . 

Through procedures described herein, HNS quant i t i es  of"approximate1y 0.5 
kg have been obtained. Some of the t e s t  condition5 alona w i t h  some t e s t  
r e s u l t s  of a typical  c ry s t a l l i z a t i on  a r e  tabulated i n  Table V .  

. . 

In the  c ry s t a l l i z a t i on  e f f o r t ,  summarized i n  Table V ,  the HNS (~hemtron ics  
66-48) destined fo r  treatment w i t h  a c e t o n i t r i l e ,  was rec rys ta l l i zed  once 
from DMF before i t  was used. I t  was introduced in to  a 10 a reac tor  and . . 

covered w i t h  the  prescribed DMF (7  g/HNS/100 ma DMF). Dissolution of 
the HNS was effected by heating the  mixture t o  105 C.  The hot solut ion 
was emptied i n to  a 40 a s t a in l e s s  s t e e l  vessel l ined w i t h  a  double layered 
Nylon (15" mesh) f i l t e r  sock, which on removal ' from the  container retained 
a l l  insoluble foreign matter. . . 

The solut ion was allowed t o  cool t o  ambient and l e f t  undisturbed f o r  
16 hours. The recovered c r y s t a l l i n e  crop, representing 76% of the  s t a r t i n g  
material ,  was readied f o r  subsequent treatment. 

The HNS recovered i n  the above e f f o r t  (662 g )  and 9.4 a of DMF were in t ro-  
duced i n to  the  10 a reactor ,  and the mixture (7 g HNS/100 ma DFIF) was 
heated t o  the dissolut ion temperature (102 C). The steam through the 
reactor  c o i . 1 ~  was shut off  and immediately 1.9 L of a c e t o n i t r i l e  was 
added t o  the  reactor  contents. A shor t  l ived temperature r i s e  t o  1060 
resul ted,  but w i t h i n  30 seconds the temperature had dropped to  99". 
Cool ina of the reactor  contents t o  30 C was aided by c i rcu la t ion  of  tap  
water through the  reactor  c o i l s .  The resu l t ing  cooling r a t e  his tory ,  
over a 78 minute period i s  given i n  Table VI. 

The c ry s t a l l i z a t i on  crop was collected by f i l t r a t i o n ,  washed twice w i t h  
acetone (1 alwash) and dried under vacuum a t  100 C.  A to ta l  of 553 g 
of HNS, w i t h  a  bulk densit.y of 0.4 g/cc, was obtained. The length to  
width r a t i o  (2:  1 )  was ra ther  disproportionate;  consequently the  HNS was 
t ransferred t o  the  Cowles Dissolver and covered with % 15 a of d i s t i l l e d  
water, then the  uni t  was act ivated fo r  6 minutes a t  2000 rpm. The re- 
covered crop was washed with 3 e of methanol (1 alwash) and then dnied 
under vacuum a t  100 C f o r  16 hours. 

Treatment of the  HNS in  the Cowles Dissolver improved the crysta l  length 
t o  width r a t i o .  Furthermore, . i t  a l so  increased the bulk density t o  a 
value of 0.55 g/cc. 

In these endeavors, d issolut ion of HNS in  DMF (7  g sol ute/100 mR so l -  
vent)  was affected a t  105 C and the ensuing solutions were f i l t e r e d  hot 
t o  ex t rac t  f i be r s  and other insolubles from the HNS. The hot solut ions  
were e i t h e r  f i l t e r e d  d i r ec t l y  in to  the c ry s t a l l i z a t i on  f l ask  o r  the  
f i l t r a t e s  were cooled and the resu l t ing  prec ip i ta tes ,  upon.drying, were 
employed as  the s t a r t i n g  HNS. 



Table V .  HNS ~ e c r ~ s t a l l  i z a t i o n  ( ~ c a l e 4 ~ p )  

Adjusted ' , 

Bulk Bul k 
HNS DMF CH,C~ Recovery Y ie ld  Dens i t y  Dens i t y  
0 (ma 1 ( m a  ) (4 1 (%)  (g/cc) (s/cc Comments 

622 76 0'. 66 - Solut ion* f i l t e r e d  ho t  through 
Nylon, 15 pm.mesh; l e f t  undis- 
turbed 16 hours. 

622 9457 1890 553 84. 0.40' 0.55 So lu t ion cooled t o  ambient over 
78 minutes. Recovered crop 
t reated 6 minutes i n  Cowles 

I Dissolver . + 
? 

"Note: Reactor capacity necessitated 2 dissoZution e f for ts .  SoZutions combined. (661 g HNS/9400 mR DMF; 
210 g HNS/3000 ma DMF) 
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From the compositional analyses l i s t e d  in Table I1 i t .  i s  noted tha t  
Sample 10/20/75-R, recrystal  1 ized -from HNS I (66-48) was not only freed 
of insoluble .contaminants but th.e sol vent ' (DMF) a1 so retained most oT 
the dipicrylethane. I t  thus appears tha t  a higher degree of .purity,  of 
t h e r e c r y s t a l l i z e d  HNS, i s  obta.ined when the s ta r t ing  HNS i s  subjected 
to  an e a r l i e r  precipi ta t ion from i t s  DMF solution. 

From Table IV note tha t  Sample 10/21/75-1, recrystal 1 i zed from Sample 
10/20/75-R has the lowest specif ic  surface area. The same sample exhibits 
the grea tes t  degree of purity (Table 11) and manifests the highest bulk 
density (Table I ) .  A t  t h i s  time i t  i s  uncertain whether there i s  a 
relat ionship between surface area and sample purity.  

COMMENTS, CONCLUSIONS 

Testing of the HNS recrystal l ized from the solvent system, as detailed 
in  t h i s  report ,  was abbreviated due to  time and funding limitations; 
however, the data from the preliminary analyses indicate the product 
i s  a t  high quality.  All values on the t e s t  performed, as reported herein, 
a re  within the specif icat ion l imits as established in Code Ident 1001, 
WS 5003 F, Naval Ordnance Command (Rev. 5/6/74). 




