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ABSTRACT 

Low-cost recovery of HNS, r e t a i n e d  by the  f i l t r a t e  dur ing  the  rec ry -  
s t a l l i z a t i o n  process, can be promoted by d i l u t i o n  o f  t h e  mother l i q u o r  
w i t h  a water-methanol s o l u t i o n .  

DISCUSSION 

A r e c r y s t a l l i z a t i o n  process has been developed and documented, whereby 
2,2', 4,4', 6 ,6 ' -hexan i t ros t i lbene,  HNS, w i t h  an approximate bu lk  dens i t y  
of 0.5 g/cc, can be rep roduc ib l y  obta ined from s o l u t i o n  i n  N,N-dimethyl 
formamide, DMF(1) . Dur ing t h e  process, however, a p o r t i o n  o f  t he  s o l u t e  
i s  tenac ious ly  r e t a i n e d  by t h e  f i l t r a t e .  The h igh-cost  o f  HNS warrants 
i t s  e x t r a c t i o n ;  consequently a lowrcost recovery method was pursued. 

From t h e  HNS/DMF s o l u b i l i t y  curve (F3g. 1) i t  i s  noted tha t ,  near ambient 
temperature, t he  s o l u b i l i t y  of HNS i n  DMF i s  approximately 1.2 grams per 
100 ma o f  so lvent .  

EXPERIMENTAL 

D i l u t i o n  o f  DMF f i l t r a t e  w i t h  water causes the  HNS t o  c r y s t a l l i z e  o u t  
o f  so lu t i on ;  however, t h e  p r e c i p i t a t e d  p a r t i c l e s  a re  so minute they make 
c o l l e c t i o n  by f i l t r a t i o n  almost impossib le as the  f i l t e r  pores become 
clogged. Col l e c t i o n  can be effected through cen t r i f uga t ion ,  b u t  t h i s  
may prove imprac t i ca l  f o r  recovery o f  l a r g e  q u a n t i t i e s  o f  ma te r ia l .  
D i l u t i o n  was attempted w i t h  va r ied  volumes o f  water, over a wide temper- 
a t u r e  range, bu t  no improvement i n  the  s i z e  o r  mass o f  the  p r e c i p i t a t e d  
p a r t i c l e s  was evidenced. 

coo l  i n g  o f  t h e  f i l t r a t e  a t  0 C f o r  48 hours 'and a t  -20 C f o r .  ' ,3 .  hours, . .  . . .  

f a i l e d  t o  promote s o l u t e  e x t r a c t i o n .  A d d i t i o n  o f  chipped i c e , t o . t h e  ' . . 

f i l t r a t e  had no immediate e f f e c t ;  i t  merely extqnded , the  d i l u t i o n . '  . ' . , 

pe r iod .  1.ntroduct ion o f  granulated d r y - i c e  (C02) caused. .the f i l t r a t e ,  ' to  .. 

f reeze,  b u t  on thawing t h e  f i 1 t r a t e  remained unchanged. 

D i l u t i o n  of t h e  f i l t r a t e  w i t h  organic solvents, e i t h e r  f u l l  s t rength  o r  
i n  combinations w i t h  water, was a l so  inves t iga ted.  The e f fec t iveness pf 
t h e  d i l u e n t ,  in t roduced under va r ied  cond i t i ons  i n  pa r t s  per  100 pa r t s  
o f  f i l t r a t e ,  was evaluated w i t h  respect  t o  product q u a l i t y ,  p a r t i c l e  
s ize ,  f i l t e r a b i l i t y  and y i e l d .  Also considered was the  ma te r ia l  cos t  o f  
an e x t r a c t i o n  process. Varied r e s u l t s  were obtained (see Table I ) .  I n  
a l l  o f  t he  e x t r a c t i o n  endeavors, the  d i l u e n t  was poured i n t o  the f i l t r a t e  
i n  one opera t i on  w i thou t  s t i r r i n g .  

(1 ) Jacob SandovaZ, "HIVS C r y  s t a  Z Zization Studies,  " MHSMP- 75- 24H (Apri Z -  
June 1975). 
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Fig .  1. S c l l u b i l i t y  of H N S i n  WF as a Funct ion o f  Temperature 



Tab1 e  I. HNS ,Recovery: Di 1  uent E f fec t  on Recrysta l  1  i z a t i o n  F i  1  t r a t e  
(HNSIDMF Process) 

D i  1  uent  F i  1  t r a t e  Vol ume (ma) Temperature (C) Y i e l d  
(Sol vent)  $ 1  D i l u e n t  ' F i l t r a t e  D i l u e n t  . F i l t r a t e  (%) Comments 

1 Ethylene Glycol  2.64 2  0  100 Amb Amb 54 L i g h t ,  F l u f f y ,  Easy 
F i  1  t e r i  ng ; Expensive 

petroleum . i t h e r  1.32 ' : - 20 i 0 0  Amb Amb 2  L igh t ,  Poor Y i e l d  

Water 

Water 

9  5 95 7 0  Very Small P a r t i c l e s ;  
Poor Fi.1 t e r a b i  1  i ty 

2  0  100 Amb 75 6 5 Very Small P q r t i c l e s ;  
Poor F i  1  t e r a b i  1  i ty  

. . 
Water 20 100 Amb Amb 5  0  Minute P a r t i c l e s ;  

Clog F i l t e r  

10110 100 Amb 88 6  0  Minute P a r t i c l e s ;  
Clog F i  1  t e r  

Methanol 

Small P a r t i c l e s ;  
Poor F i  1  t e r a b i  1  i ty 

Ambl Amb 80 90 Small , Uniform Crys ta ls  ; 
Easy F i  1  t e r i  ng 

951Amb Amb 45 Minute P a r t i c l e s ;  Poor 
F i  1  t e r a b i  1  i ty \ 

95/Amb Amb 50 Minute P a r t i c l e s ;  
Slow F i l t e r i n g  

75/75 Amb 5 0  Min iscu le ;  Almost 
Unf i 1  t e r a b l  e 

65/65 Amb 5  0  Min iscule;  Almost 
Unf i 1  t e r a b l  e  

AmbIArnb , Amb 60 Min iscule;  Almost 
Unf i 1  t e r a b l  e  

Amb Am b  4 5  Small P a r t i c l e s ;  
Poor F i  1  t e r a b i  1  i ty 



Table I. Cont'd 

c o s t l a  
D i  1 uent F i  1 t r a t e  

I s 0 1  vent)  ($1  

Methanol 

Me than01 

Methanol 

Benzene 1.45 

Chloroform 1.32 

Acetoni tri l e 2.90 

Acetoni tri l e  

Propanol 1.58 

WaterIChl oroform 

WaterIHexane 0.45 

Volume (ma) 
D i  1 uent F i  1 t r a  t e  

Temperature (C) 
Di 1 uent  F i  1 t r a  t e  

Am b 

Amb 

Amb 

Amb 

Arnb 

Amb 

Amb 

Amb 

Amb 

Amb 

70 

Amb 

Amb 

80 

Amb 

70 

Amb Amb 

Amb Amb 

Y i e l d  
( % I  Comments 

Minute P a r t i c l e s  ; 
Poor F i  1 t e r a b i  1 i t y  

Ha i r -L i  ke Strands; 
Poor Fi.1 t e r a b i  1 i ty 

Hai r - L i  ke Strands; 
.Poor F i  1 t e r a b i  1 i ty 

Smal P Crys ta ls  ; Poor 
Yie ld;  Expensive 

.Small Crys ta ls ;  
'Disco1 ored 

Small Uniform Crys ta ls ;  
Easy F i  1 t e r i  ng 

Minute P a r t i c l e s ;  
Slow F i  1 t e r i  ng 

Minute P a r t i c l e s ;  
Slow F.i 1 t e r i  ng 

HNS Coagulates; 
P o o r y i e l d  - .  

Minute P a r t i c l e s  ; 
.Poor Y i e l d  



. .  . 

O f  the solvents, o r  so lven t  .pairs, considered a s  ex t rac t ion  agents, the 
use ' o f  a methanol -water so lu t i on  (75% .CH30H) 'promoted the -.preci,pi t a t i o n  
o f  HNS w i t h  , the  best  p a r t i c l e  character i .s t ics.  . In t roduct ion of 40 ma of ,  
t h i s  so lu t i on  a t  ambient, .temperatur?e i n t o  100 ma o f  the '  f i l ' t r a t e . a t  80, C .  
promoted the c r y s t a l  1 i z a t i o n  o f  small, uniform crys ta ls .  The ,par t i c les ,  
though small, were e a s i l y  co l lec ted  by, f i l t r a t i o n ,  y i e l d i n g  a 90% recovery 
o f  -the est imated so lu te '  i n  solut ion.  The mel t ing po in t  (DTA) was 319 C. 
This method gave s i m i l a r  r e s u l t s  when repeated. 

Although i n t r oduc t i on  o f  water as an ex t rac t ion  agent ( a t  temperatures 
from ambient t o  i t s  b o i l i n g  po in t )  was found t o  be , ine f fec t i ve ,  steam 
was considered as a d i l u e n t  because i t  could be introduced a t  a constant 
r a t e  and temperature. The f i l t r a t e  was contained i 'n a f l ask ,  equipped 
w i t h  a thermometer and a condensor, and steam was bubbled through it. 

P lan t  steam was employed; consequently, .a steam t rap  was engaged t o  
r e t a i n  l i n e  deposi ts and condensate. The s team. t ra in  consisted o f  the 
t rap,  a glass t r ans fe r  l i n e  (4  mm i .d . ) ,  the f lask and an A l l i h n  con- 
densor (Fig.  2) .  

The i n i t i a l  contact  o f  steam w i t h  the f i l t r a t e  produced a temperature '. 

r i s e  t o  % 115 C w i t h i n  two minutes. Thereafter the temperature dropped 
t o  98 k 1 C i n  approximately 40 minutes and the p rec ip i ta ted  HNS was 

' co l l ec ted  by ' f i l t r a t i o n .  Analysis o f  the ensuing f i l t r a t e  revealed 
t o t a l  .ex t rac t ion  o f  the HNS. 

The temperature o f  the f l a s k  contents was monitored throughout the 
ex t rac t i on  period. A t y p i c a l  temperature h i s t o r y  i s  given i n  Table 11. 

The recovered HNS s o l u t e  (F ig .  3 )  consisted o f  small, uniform, f ree-  
f l ow ing  c r ys ta l s  w i t h  a mel t ing po in t  (DTA) o f  320 C. Addi t ional  HNS 
ex t rac t ions  from the mother l i q u o r  produced s im i l a r  resu l t s .  

The s i m p l i c i t y  and ef fect iveness o f  HNS ex t rac t ion  w i t h  steam from a 
d i  1 u t e  DMF so lu t i on  suggested the appl i ca t i ' on  o f  the steam-di 1 u t i o n  
technique on a . s o l u t i o n  o f  higher concentration; consequently f resh 
so lu t ions  o f  HNS (Chemtronics, Lot  66-48) i n  DMF were prepared. 

Three so lu t ions o f  the same concentrat ion ( 7  g HNS/l00 ma DMF) were 
prepared by heat ing the respect ive mixtures, over an oi,l bath, t o  ' t he i r  
d i sso lu t i on  temperature (104 C ) .  . Steam was bubbled a t  d i f f e r e n t  but  
ungauged ra tes through these soluti 'ons. During each endeavor the 
temperature changes and d i s t i l  l a t e  volumes were monitored (Table I 1  I ) .  

For descr ip t i ve  purposes the steam surge through the above samples were 
termed f u l l ,  three-quarters, and ha l f - f l ow.  The respect ive percentage 
recover ies were 98, 94 and 73. The mel t ing points (DTA) were 319, 319, 
318 C, respecti .vely. 
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Fig.  2. Steam Flow Through WNS So lu t i on  
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Table 11. HNS Recovery: Steam Treated F i l t r a t e  

Temperature 
(C) 

D i s t i l l a t e  
(ma 
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Tab1 e I I I. HNS Recovery: Steam-Treated Sol u t i o n  

T i  me 
(Mi n )  

.. Temperature ( C )  D i s t i l l a t e  (ma) 
(Run) (Run) 

1 - 2 - 3 - 1 - 2 - . . 
" 3 - 



The highest yield crop (98%) had an initial bulk density of 0.39 g/cc. 
This sample showed. a slight discoloration and was washed successively in 
water and methanol followed by an acetone rinse. This treatment promoted 

, the removal'of 0.8 g of product, and eliminated the discoloration. This 
HNS (Fig. 4) was found to have a bul k-densl ty of 0.59 g/cc. 

CONCLUSIONS 

Recovery of the HNS solute can be effected by either of two procedures: 
(a) one method promotes the precipitation of the solute by passing steam 
through the filtrate, and (b) the other technique involved the dilution 
(4/10) of the filtrate at 80 C with a water-methanol (75 volume % methanol) 
solution at ambient temperature. 

Recovery of HNS in crystalline form can also be promoted through steam 
dilution of a concentrated HNS/DMF solution. 




