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Francis Taylor, Jr. Au I. Z. Oesterlingp

ABSTRACT: A purified high bulk density fora of HIS, 2 , ',
6,61-hexanitrostilbene, has been produced from Grade I
& continuous extraction- recrystallization apparatus using a
mixed solvent system of itetontrile-tcluene. Three extractors
of one liter capacity have been operated continuously to produce
about 100 g/day of HNS wLth a bulk density of 0.50 g;Azl or
greater. Both the melting point ano the vacuum stability of
MIS are improved by tras process, This product has been
.designated "Grade 11 HMS. Scale-up of tra process is con-
sidered to be entirely feasible. (C)
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2h 2, re ot, describes the producton of high bulk density2"21,,41,6 9_..exa nit r~o stlH : bene, , Grade IT ENS, ftJi h s

rulaiat explosive has been proposed for use in milA
detonating fuse and flexible linear shaped charge components
for high speed aircraft and space vehicles. The work reported
here was carried out under Task RME-OOO/21202/FO O-.--
(Study of Explosives Properties)*

J. A. DARN
Captain, Un
Cm inder,
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"_0 btak fenalty of ~~A.~e itotlee N
Gojioeds en rtir.cl siZe nd ihape. -. d thse Ma Pe0e

*t4toissA *me appicatltons, Gradec I " s a 2d
tail owaer vs,*h" ,i a&U pstolc ase &d Lad bulk density;
z'ahiing tra 0.25 to 0.1 dzsl. Thin uPaterial. has been repotd.t4 bfrite m.able ii er bostesr for mild detonatinfS tw

t *der the 401-r~r11ng Mitc"OeOL)C Ml! indicates a am*n-
.U'a Orystai k'or hO-e: baeCAuse o its tendency to
rac -ttllile In clustera of needles which are highly twimed,
no M-4 l-otat1_ sufficiently large for thorough study have. . been O'btal-o, 4%a. _blly of HNS In most, organic eolvents

Is extrmely .w', ieigysta!ization fro high boiling polar
, Pivonts such as ,nitrzer, dimethylformamide and disthyl
-ulfoxido terd to alve thin needles with bulk densities in the
rante of (O.2O t-6 oz.-,, g/il.

Th g of thie study has been to produce a high bulk
dens ty MRS8 with physical and explosive properties desirable
for lo-a!4ig j- i fl detonating fuse and flexible linear
shnped charZe syst.ns. Such a product, designated Grade II 3O,
has be produced from GrOztde I HUS by continuous extraction-

reostlliz.+.!On in the apparatus described for the production
or hilh bulk density DIPAH.O It was found that acetonitrile-
tioluan. as a double solvent system was effective for H1S in the
eantinum apparatus, The process combines a low .boiling fair
solTcnt with a higher boiling poor solvent. The re&rystal-

t. liuxa&tn colution is stl.Ted to promote equal rates of growth
of the crystal faces, seeded to minimize spontaneous nucleation
&-d retluxed continuously. The condensing 'olvent is pazsed
through the Grade I URS in th uppsr body of the extracto r and
filtered back nto the boiling flaak as a continuous feed for
tb*he growing crytals :.f rsde :M.

Approcu4&%*y eight pou.ds ct Grade II HNS ave been
produced 4ing this statly &nd an evaluation of its ,Yplosive

rqprourtiea is currently beain done by the Ecplosion Dynamics
Divisi-n of these laborator1.,.

* D:-IS N AND £RESUMIS

an t schvent pairs for use with RNS showed
*e's- .on tatrachlorde, zetrahydroturan-toluene and methyl

et 1 kct.one-toluene to ave e'xtremely slow extraction rates
zaereore to be Impraefical for acaled-up production. MIx-

-ueg4 of &ettniwAlt-toiuer wearo found to give better rates'
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and Improved cstl shapes. A mixture of 2:1 actcaitriles
o2Wsene, uslet for the original reczystallisation

expeimnts usIng '1000 al flasks with the apparstzs shon in
igo" 1. Zn the Y or the extractor cornstructed tfra &

come frtte_ 4,L'el, was piaced 100 p of MS.
Bot Grade Z IMS (riue 2) and ENS-R (Figure 3), recry#sta-
Used from nitrobjeene, were used as starting materials tor
these experiments eadgave Identical Grade 1I ENS products.

The upper body of the extraction apparatus was fitted
with a refrux condenser and a ground shaft glass stirrer with
Teflon blade. It was found necessary to operate this stirrer
only when the filtration rate slowed because of partial
plugging of the coarse frit causing a liquid level build-up In
the extractor. For all experiments these stirrers were turned
off overnight and used only intermittently when attended.

The solvent mixture was placed in the recrystallizing
flask, stirred with a Teflon covered magnetic stirring bar,
and refluxed for periods of 20 to 50 hours. The initial
experiments without seeding gave material with bulk densities
between 0.3 and 0.4 g/mi. in subsequent experiments the flask
was seeded with 10 grams of the highest bulk density material
available. Depending on the total time of operation and the
bulk density of the seeding material, conversions to Grade 11
varied from 30 to W% and bulk densities varied from 0.4 to
o.62 g/mi(Fgure#)

After 48 hours of operation the solvent mixture became
dark In color, It was found that the filtrates could be
rreated with activated charcoal and re-used to give satis-
factory Grade 21 HN3. Examination of the filtrate, by
evaporation, revealed a concentration of 0.2 g of solids per
300 ml of solvent. A thin layer chromatogram of this solid
residue showed two spots of approximately equal size. One was
identifird as RNS and the other as 2,2', ,4f,6,6'-hexanitr*-
bibenzyl °

All samples of Grade I MNS which were checked by UVi
layer ahromatography. (TLr!) showed faint spots of the hexa-
nltrobibenzyl as an impurity. None of the Grade 11 HNS samples
Mhved any Impurities by TLC. It was possible to make a rough
estimate of the opount of bibenzyl present in a 100 g charge
of Grade I MS after 48 hours in the continuous extractor.
Because the hexanitrobibenzyl is much more soluble than the HNS,
It can be assumed that nearly all of this impurity would be in
solution in the recrystalliitrg flask. Thus with 950 ml of

CO~ar3A



solution aontini 0.2 OW al, half of which is the bIbsmlo,
a t"t a or at least 0.95 g was present ouiginaly in the 300
gLa oharge; or approximately a 1% Impurity. No other impuwi-

ties were apparent in the Grade I MMN and it is reasonable that
the presence of I to 2 of te bibenzyl could cause the lower
seltng point of Grade I compared to Grade 11 fIS.

Several of the latcr experi.ents using 700 01 of aceto-
nitrile and 250 .1 of toluene (2.8:1 ratio) .ave the highest

S t-ilk density products (Figure 5). So study was made of the
I aniwm amount of toluene required to produce Grade X HNS.t Also, no substituted for toluene were tried, It Is possible

that other high-boiling, stable solvents would have the

desired effect on crystal she.pe and give high bulk density
products.

Operation of the three 1000 nl, recrystallizers shown in
Figure 1 gave an average of 100 gm of Grade II HNS per day.
A blend of 3.8 lbs of Grade II HNS was prepared and designated
X-528. This blend had a bulk density of 0.55 g/ml. A minimum
bulk density of 0.50 g/ml was established for qualification ofHNS as Grade 11. Table 1 compares X-523 with Grade I HS andHNS-R (recrystallized from nitrbenzene).
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C&2--M inawP!eveat--of MA Pffle"Se1 atbs
MS1tIw.%Sv1hIS ext~ ewe =i - b tam to aved io..

t~wtic ofwoctis. 20 Pmee of fib"O remn 0-12"

ozw fto w te ImlerMiSly af t.t he at woo"Zofa
000 000Ctada AM 4-0 th to be wmitale far ths Oli-L.-catiame prw~

Anl premus decibed bore sm oarld 0"t in Cem
Slasnwow. '_*t ,ecy it8a1iziW apparatm Vi~-*t wid O
"m ussembled %wibt grea. LIrg* twItled glass; fawl one

* use for flitrarian an drying wats £e lin clfa glass 4lsh.
in an claim zt&InI*±-*. 3tee1 firzed-a~r *vi. th dried 2raf
M No Staved in tiq-2wt be glass botU"a withk 2*fl
to 11m.

A itueof 250 &1 of Wuvpw an 200 id. of acetmdtrll*6
ms plce inth 1000 A. toll-'up flass Of the extractioc #Sv-

rwtvs. rar the itil exp~rIets no Grade U M5was ava.12044
for eing; bovee, anl mbwqmzt *vermvits were -ede 0 4t
&Uiss JO gra of (trade n to the flaw. A 8lnr7 of 100 g
at Grads I M ar U-R In 500 id of acetonl1tZI aP P04WI
into %he Wp" 96Cti~s of "0ahe ab and &100&d to t~jtor %
pevity into tas boll-v im lese iw UStrnod uitk a Tefam.
cc mognmotic bari an ebated ith a Gs-cal mtle.

%0 s ection of the extractor vas fitttd via a
Teflca. bla&go shaft stirrer vi a ref la oandvr. in
electric beativig tape was placed Up ~ bo to
maintain a toerature of T5-7ft, Just bolow the boli.1ig poit
of acetonitelle. 2* w el"sn miztu" was rtr-ed onctlnuOUy
for 24 to 48 now. fsretfuw rate was adjiwtod to avoid a
liqoziI level WoL~IX v 1n the ZoWd *f Use extrator. M 114id
lie! In t ball-W flaaz WA aSLIAUtaI well abaze tho 10l
of contaet Of tA beating Muontle o aid local O"batin M
possibla 4aztmnig of the zwrtalIsd pvdt*t

*Af-tar the reflux period t;A.- mit-i Uas .fl0%4 to 00ol
t* ow te~'.erat" and ths or%&d nI wI wee tonected v& a
vac==Iwinel with oourec ftWit disc. 2be produict waosbbd~

an ho r with 2W0 al of abcltoj jthawl, tbv'i dri.ed in a
tcrood air o-ez at 1"oOc f or 16 to 18 ho=ry. A t,-plze1 .*z~r-
sent 9v~ 60~ 9 of C-a* 11 W~ with & bulx d*WIi of 0.52 g/n:
and a melting poizat of 3180C (fe.).



___ gqed--, -limie Ped"g . stlaWift taudown of 0.35 t 0.40 g~l. The asm101"" 2 ao at GiA Uz M form~ qPQXMtU~ 
48 boor gar a balk teuAity TW* at 0.50 to 0.69,W AtaowmtecU toW the u61t of -- 1 ' &"I fP to
ftaft nI M~ rszqd fiva 51D to "0.- fte pstV Vatac
.*16 be increed bW azeda Ite exrw~ t±~w; ?-v

vamlmd i tt strct~w. Mms, It vusa £titrary and mom a
-noter t msiem a " h tho epetim sioCI be f&
casio"and Vo pz*Wt fi2*.te. MW metal Posaira in

ft ertractov me sa tbe Un t M wtm

In a l atear a 46 bom xuit Lica-eryz=-lixati Peri
idt am~ o eigL1 e-ha of lOG g of ft" I ES. IMA rfltzte,
950 ml, vas treated with 10 g of Daz-z G-60 activated cao.

*tb f.a I1Zered-t~je thi-a glaSS f1bar filte p&&s. ftS

ad aw sislar, godqalt GraQTde 1 EW.

An aiquot at 10M &I of a chaac-m treated, setetie1
*to1vee fl-tral-e4 me ewapozated to dzryrAe to give 0.2D g at

reitas i d! c the !.;s of materW al to *oe2bI~It7 t*
be 2-5 gIW S exp.eriment. Chi-ye crStogapble awysis
of this resiae was carIA4 out M ~I Ica zel-C *1te
(Usaret Speiaties Co., Udce, mf*. e a
o"11*d to the plate as a saturated sevtm af~±~ ty*1ohed

tim of potssii hy7=i4e. 2v" spats X &-r siatelyr e~g
siz wre Prwsemt. (be S;fl Was UIdetical U to &a for P;M

ad b other to pure,' .~ ,66 ~a~to~~1

3g** each re-se of lbo *41ya~t KIlzt=re allcmi a slift
increase Im tbe oe--tratim at tht bazv--Itzc*ibe~ryI Imptalty,
4t Is recerd tbAt tbo acgtcItrlsa be recarered t7 dL*-
vutu Wft-.e prect-Lea,, and tbt*U taowe andM IM

be dsew~d.

A ten 6r= samla of -.'y M~ ru~ Lntrodead int* a cle*aIdry 5a zI grd4&eted cyiair tbro~g a 60* gles fmem of 63 w-
top dlmettar 'rita & e Lvth stm of Lbc~t 211m I. . lw bzikajde".-xY 3aap~s were sifted siwvly throra~ ths fumal to cai.
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