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~HEAT-RESTOPANP-EXPLOSIVES, - XX:
PROBUCDION—~OP—GRADE —I1--HNS  ( /,—@

@?‘d\mcll Nﬂ-) »n
@ Francis Taylor, Jr. and R. B, Oesterling,

D 26 Aog6s, () 1p.

ABSTRACT: A purified high bulk density form of HNS, 2,2',4,4¢,
6,6%-hexanitrostilbene, has been produced from Grade I HNS in
& continuous extraction-recrystallization apparatus using a
nixed solvent aystem of acetonitrils-tcluene, Three extractors
of one liler capacity have been operated continuously to produce
about 100 g/day of HNS with a bulk density of 0.50 g/xl or
greater, Botn the melting point and the vacuum stability of
HNS are improved by this process, This product has been

.designated "Crade II HNS," Scue-\(xg)or the process is con-

sidered to be entirely feasible,

(1) Rume yE 000k 20k 1Foct Jos

Approved by: DARRELL ¥, B8ICKMAN, Chief
3 Orgenic Chamistry Division
A Chemistry Ressasch Departaent
7.8.- 8.\ Navel Ordnance Iabozatory
White Oak, Silver Spring, Maryland
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NOITR 65-182 26 August 1965

8 Yepor: describes the production of high bulk density
2,21,5,41,6,6-hexanitrostilbene, Grade IY HNS, ‘‘his heat
resistant explosive has been propossd for use in mild
dstonating fuse and fiexible lirear shaped charge components

- for high speed aircraft and space vehicles. The work reported
here was carried out under Task RUME-4E-000/212-1/F008-08-11
(Study of Explosives Properties).

J. A. DARE

Captain, USH .
Comsander

{/ éﬂém 'éc"’., s '5/ /#“7‘
ALBERT

By direction

sy e e e -

I st

v e i AN A A AR BN WIS S Y T



* w * -

R

- A Wereamer - "

T At

CONFIDENTIAL
NOITR 65-142

TABLE OPF CONTENYS

Pags

mmﬂxo' G PP LOCB0LC0L0EILENRINPINPPIERRIRNIEPOIPTPPIOSBOILIESTIDQERSY
DISCUSSIO‘A“D mm 0600700000000 0000c0900000tr Y
Amw:m P PO NC0OCIEEPOP OO AICINLE02LCLVOER 00200600060

EXPERIMENTAL
Continuous Extraction-Rec:systallizaticn, Grads IX, HNS.
Recovery of Solvents ......ccveevoecsconssseoconcacracs
Bulk Density Measurement ,..cc.ecescececrsscesscvcncence

Rmczs 480000005000 0000000000008000ss200008p0n0e0sCoe

ILLUSTRATIONS

PIgure 1 ...cevecveccccncennssccnstencnnssancrocassssasee
FIgure 2 .ececcsecocessescscoscnscrsccanrossccnseronceas
FAZUP® 3 ovrcvvencercctrcotosssscrssncosasscnscacocenes
PIgure B ....icieieescacissescocssertccsoscssscescnoscans

Fig“re 5 000000000 N00000000ccesssseesrssserscscscsssanies

T‘bl’ I PG00S0 00000 "00200CE000 000Vt 00O PRRIIOIRQOIIPOGIEOEDNCOCCOLESE

111
CONFIDENTIAL

——— . g . e AT ATy . map s OR meEs et = 6 s e b

LB

2 ;=

R JRS SRL RS -




D ey ]

erarms

s adliogd o o o

Wmmmwnﬁ‘ Wmmﬁlmm'mmnﬁnu PP ) ATEILEF S 1O AT (Y FPEPF IR 018009 8 SR 19

R AT T

ROLFR 65-388

YNTRCOUCTION

_ The kilk density of 2,£7,3.5'.4,5'-hexanitrostilbene, HES,
Gepends on gacticle sise angd shape, a0d these Ry Pecuo
oeritical facicrziy dom# applications. Orads T RNS' g & light
t&n powder with small Favticle size a5d lovy dulk density;

raiging fram 0.9% 46 0.20 w/al. Thia material has been Te port’d
is b quite suitadle in end boosters for mild detonating fuse

Under the solasrising micvroscops HNS indicates a mono-
edintz orystal fors;® harsvas, hecat.se of its tendency ¢o
reC ":!za ® in clusters of nesdles which are highly twinned,
no sing rvstals sufficiently large for thorough study have
by thaif‘.&d, Tha s1lubll 1ty of HNS in most organic solvents
is extramely low, Reocrysteliization from high boiling polar
saxveants such as nitrobasiens, dimethylformamide and dm 1
sulfoxido tend %o xive thin needles with bulk densitiss in
range of $,50 %o .24 g/wl.

The geal of this study has been to produce a high tulk
density HNS wii:.n physical and explosive properties desirable
for loading inte mild detonating fuse and flexible linear
shaped sharge ay.t-z:s. Such a8 product, designated Grade II HNS,
has deen prodneea froiz Grade I HHS by continuous extraction-
reocrveteliization in the apparatus described for the production
of high bulk density DIPAM.® It was found that acetonitrile-
toluene &8 & doudble solvent system was effective for HNS in the
ecnvinuoir apparstus, TRe process coubines a Jow boiling fair
s0lvent with a higher doiling poor soivent, The re~rystal-
lization sclution is stirred to promote equal rates of growth
of the ¢rystal Caces, sseded to minimlize spontancous nucleation
and refluxsd contmuously. The condensing srolven’ is pazsed
through the Grade I HNS in tnhe uppsr body of the extractor and
2ilterad back 1nto the bolling rlask &8 a continuous feed for
the growing crystals of Grade XX,

Approxsastely eight pounds cf Grade II HNS have been
produced Guring this study and sn svaluation of its 3*nlosive
propertieos is currently being done by the Explosion Dynamics
Divinion of these Jatoratorisse,

DIBCUSSICN AND RESVILS

fareening af sclivent pairsg for use with HNS showed
seesons~aarton tehrechlorids, telrahydrofuran-toluene and methyl
ethyl Ketone-toluens to nave axtremely slow extraction rates
ané Tnsreforve to be impracuicml Loy acaled-up production. Nix-
tures of ecstunidrile-toiuene were found to give better ratas
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and improvad o shapes, A mixturs of 2:1, scetonitriles
toluans, was for the original recrystalliszsation
sxperiments using 2000 ml flesks with the apparatue showm in
Figure 1. In the y of the extractor, corstructed from a
Q0ma coerse fritted s funnel, was piaced 100 gn of HENS,
Both Grade I HNS (Figure 2) and HNS-R (Figure 3), recrystal-
lized from nitrobanzens, ware used as starting materials for
thess experiments and-gave identical Grade II HNS products.

The r body of the extraction apparatus was fitted
with a reflux condeaser and a ground shuft glass stirrer with
Teflon dblade, It was found necessary tc 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 pericds of 20 to 50 hours., The initial
experinents without seeding gave material with bulk densities
betveen 0.3 and 0.4 g/ml, In subseguent experiments the flssk
was seeded with 10 grams <f the highest bulk density material
avelilable, Depending on the total time of operation and the
bulk density of the seeding material, conversions to Grade IX
varied from 30 to 60% and bulk densities varied from 0.4 to
0.62 g/ml (Figure f&). -

After 48 hours of operation the solvent mixture became
dark in color., It was found that the filtrates could be
‘treated with activated charcoal and re-used to give satis-
factory OGrade II HN3. Examination of the filtrate, by
evaporation, revealed a concentration of 0.2 g of solids per
100 ml of solvent. A thin layer chromatogram of this solid
residue showed two spots of npproxi.mtelx ec}ua.l size. One was
%gentitigd as HNS and the other as 2,2!',4,4¢,6,6!'-hexanitye~

benzyl® . :

A1l samples of Urade I HNS which were checked by tai:
layer shromatography (T1/1) showed faint spots of the hexa-
nitrobidenzyl as an impurity. None of the Grade II ENS samples
showed any impurities by TIC, It was possible to make a rough
estimcte of the gmount of bibenzyl present in & 100 g charge
of Orade I HXS after 48 hours in the continuous extractor.

Becguse the hexanitrobibenzyl is much more soluble than the HNS,

4t can be assumed that nearly all of this impurity would de in
solution in the recrystallising flask, Thus with 950 ml of

2
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solution containing 0.2 g/100 ml, half of which 12 the bibeusyl
a totel of at least 0.55 g was present origintlly in the 10C ’
grem charge; or approximately & 1% impurity, No other impuri-~
tios were apparent in the Grade I HNS and it is reasonadle tha
the presence of 1 to 2% of the dibenzyl could cause the lower
selting point of Grade I compared to Grade II HNS,

Several of the later experiments using 700 ml of aceto-~
nitrile and 250 ml of toluene (2.8:1 ratio) gave the highest
™1k density products (Figure %), Ko study was made of the
. anount of toluene resquived to produce Grade IY HNS.
Also, no substitutea for toluens were tried., It is possidle
that other high-boiling, stable solvents would have the
des:lreg effect on crystal shepe and give high bulk density
products,

Operaticn of the three 1000 m] recrystallizers shown in
Pigure 1 gave an average of 100 gm of Grade II HNS per day.
A blend of 3.8 1bs of Grade II HNS was prepared and designated
X-528. This blend had a bulk deusity of 0.55 g/ml, A minimum
bulk density of 0.50 g/ml was established for qualification of
HNS as Grade II, Table 1 compares X-523 with Grade I HNS and
HNS-R (recrystallized from nitrovenzens).
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FIG.1 A.GRADEI HNS IN BODY OF EXTRACTOR
. . GRADEIL HNS CRYSTALS GROWING IN 1000 mi FLASK
C. 25wm O.D. VAPOR DELIVFRY SIDE ARM
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FIG.2 GRADEI HNS, 50X
BULK DENSIY = 0.25 g/ml

£iG. 4 GRADETL HNS 50X
LULK DENSITY  0.50 g/mi
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FIG. 5 GRADEXL HMS SGX
WLK DENSITY - 0.62 g/mi

3
CONFIDENTIAL




asema

YT YT

KB X !
Greds I X3 -2 Orade IT XN3
y X528
e B e (7 i
Bulkx Demsity
Py &, 28 0.2 c.58
Meiting Noint{dec.) - o
; S) 312-318°C  3IR-716°C 318-319°¢
TowwE  vel ext os
Mgact Seraisivity
me e 0o ve0 aa
(Tetryl = 32 cm)
6

SOXFIDENETAL

———— ——




-y

L Y T P

_ tions
Al dsicrided here wre carrisd out in cleam
glassusre, o apparates vith graamd joiats

liners,
Continsozs Extracticn-Becrystallizaticn, Crate IT MNS.

A =ixture of 250 al of tolusme and 200 ml of scetomitrils®
was placed in the 10 al boil-up flasx of e extractisc spoe~
ratues. For te irnitisl experiuents no 9rade IJ7 WIS was availzdle
for seedirg; dowever, 2il subsegrest experiasats were seedsd by
a3ding 10 grams of Orade I1 HES to the fiasx., A 3lury of 100 g

i
R
i
iy
E
8
%
i
:

on the furmal with 200 Bl of abeslath »ethanol
feroed air oven st 110°C for

xant gave 60 g of Crade I1 10N with
and & melting poiat of 2180¢ {dwe. ]},
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