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Scheme 1  Synthesis route of SMX

m.p. 88.7°C(DSC),
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Fig.1 Morphology of SMX crystal calculated by growth mor-
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Table 1
by growth morphology

Parameters of stable crystal facets of SMX predicted

(h k1) multiplicity ?Etance S t/?);fl fkj ol
(020) 2 72.83 16.45 32.9 -304.925
(10-1) 2 89.02 4.86 9.72 -372.709
(11-1) 4 91.87 4.89 19.56 —-384.641
(011) 4 101.03 6.61 26.44 —-422.992
(110) 4 133.50 2.83 11.32 -558.938

Note: 1) Area is the percentage of crystal face surface area in the total habit
surface area; 2) Total is the percentage of all symmetry crystal face sur-

face area in the total habit surface area; 3) E, is the attachment energy.
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Fig.2 2x2 Supercell structure of SMX crystal facet
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Table 2 The number of C/H/O/N atoms on the crystal facet,

2x2 supercell structure

number of each atom

(hkl)

H o N
(11-1) 16 24 48 12
(10-1) 16 24 44 14
(011) 0 4 16 4
(110) 4 12 28 12
(020) 0 0 8 4
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Table 3 Interaction energy between solvent and SMX crystal

facet, 2x2 supercell structure

(h k l) Etol Esur ESO' Eiﬂ[

/k) + mol™! /k) + mol™! /k) + mol™' /k) + mol™!
(11-1) -11619.9 —-201.511 -12348 -526.616
(10-1) -12033.3 —-184.47 -12845.3 -627.518
(110) =11729.2 -162.783 -12418.1 -526.197
(011) -12038.9 -229.227 -12791.2 -523.099
(020) -6202.16 —-352.654 -6793.04 -238.229

B3 SMX(110) TS5 T (LR H /i) m X
JR B R
Fig.3 Double layer structure model of (1 1 0)face of SMX

and solvent molecule (ethyl acetate/petroleum ether)
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Fig.4 Scanning electron micrographs of SMX

b. after recrystallization
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Fig.5 DSC curves for mixed system of SMX and components

of HTPB propellant
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Table 4 Test results of mixed systems obtained by DSC

mixed system AT,/C result
SMX+AP 3.6 slightly sensitive
SMX+Al powder 0.4 compatible
SMX+HMX -2.5 compatible
SMX+RDX 2.7 compatible
SMX+HTPB 15 incompatible
SMX+TDI 15.1 incompatible
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P d dynamics simulation of solvent effects on the crystal morphology
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Synthesis, Crystal Morphology Control of SMX and Its Compatibility with the Components of HTPB Propellant

HOU Bin, HE Jin-xuan, REN Xiao-ting, CAO Yi-lin
(Institute of Aerospace Chemotechnology, Xiangyang 441003, China)

Abstract. 2,3-Bis ( hydroxylmethyl)-2,3-dinitrobutane-1,4-diol tetranitrate (SMX) was synthesized via. ketal reaction, oxidative
coupling, ketal deprotection and nitration etc. four step reaction using 2-( hydroxymethyl)-2-nitro-1,3-propanediol as starting ma-
terial. The structure of SMX was characterized by elemental analyses,infrared spectroscopy and nuclear magnetic resonance spec-
troscopy. The crystal growth morphology and crystallization behavior of SMX were simulated by using Growth Morphology meth-
ods in Materials Studio Modeling softwar, the structure features of important crystal facets were analyzed, and the solvent effect on
the crystal morphology was discussed. The recrystallization of SMX was carried out by using the mixed solution of ethyl acetate
and petroleum ether. The compatibilities of SMX with hydroxy-terminated-polybutadiene (HTPB) propellant components, inclu-
ding HTPB, ammonium perchlorate( AP) , aluminum powder, (Al powder) cyclotetramethylenetetramine( HMX) , cyclotrimethyl-
enetrinitramine (RDX) , tolylene diisocyanate( TDI) were investigated by differential scanning calorimetry ( DSC) . Results show that
the crystal morphology of the product was improved by the ethyl acetate/petroleum ether system. The theoretical predictions are in
agreement with the experimental results. The mixed system of SMX with HMX, RDX and Al powder is compatible, with AP is
slightly sensitive, and with HTPB and TDI is incompatible.

Key words: solid nitrate ester; 2, 3-bis ( hydroxylmethyl)-2, 3-dinitrobutane-1, 4-diol tetranitrate ( SMX) ; crystal morphology;
computational simulation; compatibility
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