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ABSTRACT 

The total heat produced and the rate of heat production during the crystallization of 
cyclotrimethylenetrinitramine (RDX) and cyclotetramethylenetetranitramine (HMX) from 
dimethyl sulfoxide and cyclohexanone are measured using a Calvet microcalorimeter. The 
data of their thermograms are treated based on the dislocation theory model. The results 
show that the crystal growth processes of RDX and HMX accord with the dislocation theory. 

INTRODUCTION 

Cyclotrimethylenetrinitramine (RDX) and cyclotetramethylenetetranitra- 
mine (HMX) are two widely used nitramine explosives and energetic in- 
gredients of propellants. The crystallization kinetics of HMX have never 
been reported so far. The crystallization kinetics of RDX have been studied 
only in one paper [l]. Before this study, microcalorimetry has not been used 
to investigate such kinetics. The aim of this work is to study the crystalliza- 
tion kinetics of RDX and HMX from dimethyl sulfoxide (DMSO) and 
cyclohexanone. This is quite useful in studying their industrial crystallization 
processes. 

DERIVATION OF THE KINETIC EQUATION OF THE CRYSTAL GROWTH PRO- 
CESS 

In order to analyze the kinetics of the crystal growth process of RDX and 
HMX, the following general form of the crystal growth process is used 

A(aq) + A(s) + heat 

t=o, c, 0 0 

t=t,C m Q 
t=m,C, m, Q, 
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where C is the solute concentration in the solution at time t; m is the mass 
of solid deposited during a certain time t; Q is the heat produced during a 
certain time t. When t = 0, C = C,,, m = 0 and Q = 0; when t = co, C = C,, 
m = m,, and Q = Q,. 

The relationship [2] between the energy change (i.e. the heat produced) of 
a reacting system and the extent (i.e. mass or concentration) of the reaction 
is given by 

Q m co - c 
-c-c 

Qm mm G-C, 
From eqn. (l), we have 

and 

c - cm Q 

co - cc0 
= I-- 

i 1 QCQ 

(1) 

(2) 

(3) 

According to the Burton-Cabrera-Frank (BCF) dislocation theory [3], 
for relatively high supersaturations, the rate of crystal growth (dm/dt) is as 
follows 

g =km,(C- C,) 

where k is the rate constant of crystal growth. 
The combination of eqns. (2), (3) and (4) gives 

where k, = kQ,(C, - C,). 
If Co z+ C,, we have 

dQ Q 
==k2 l-e, i i 

(4) 

(5) 

(6) 

where k, = kQ,C,. 
Equations (4) and (6) are known as the kinetic equations of the crystal 

growth process. 

EXPERIMENTAL 

Materials 

RDX and HMX used as solutes were prepared by our Institute. The RDX 
contained no detectable HMX, and HMX contained no detectable RDX. 
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Fig. 1. Device used for measuring the crystallization kinetics of RDX and HMX. 1, Thin glass 
bulb containing diluent; 2, polytetrafluoroethylene tube; 3, glass tube containing RDX or 
HMX solution; 4, silicon rubber cover; 5, calorimetric cell; 6, glass rod. On depressing the 
rod, the bottom of the glass bulb is broken, and the solution and diluent mix together in the 

tube. 

Their purities were more than 99.9%. DMSO (m.p. 16.5-19 o C; ri” = l-098- 
1.106) and cyclohexanone (b.p. 154.0-156.0” C; ng = 1.4500-1.4510) used 
as solvents are of chemical and analytical purity respectively. A 50.10% 
DMSO-H,O mixture and n-C,H,,/CCl, (1: 1, v/v) are used as diluents, 
where H,O is twice distilled water; n-C,H,, (b.p. 96.5-98.5” C; ri” = 
0.683-0.686) and Ccl, (b.p. 75.5-77.5OC; ri” = 1.591-1.597) are of chem- 
ical purity. 

Experimental equipment and conditions 

All measurements are made using a Calvet microcalorimeter, type BT 215 
from SETARAM, France, which has a sensitivity of 66.5 PV rnW_l and is 
equipped with two 15-ml vessels. The microcalorimeter is calibrated by the 
Joule effect and the calibration is repeated after each experiment. The 

Time (s) 

Fig. 2. Typical thermogram obtained during dilution/crystallization. 
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HMX or RDX solution 
I 

(dQ/d%i=fW 

e*i 
(E= 1,2,...,co) 

Fig. 3. Block diagram of the process of studying dilution/c~st~l~ation kinetics. 

precision of enthalpy measurement is 2%. Measurements of the crystalliza- 
tion kinetics of RDX and HMX are carried out at 30” C. The device used 
for the study of the crystallization kinetics is shown in Fig. 1. 

A typical schematic thermogram obtained during the dilution and crys- 
tallization is shown in Fig. 2, and is obtained by the testing and computing 
method presented as a block diagram in Fig. 3. 

In Fig. 3 (dQ/dt)li is the rate of total heat production at time t, 
including the rate of the heat of mixing produced between solvent and 
diluent, (dQ/dt),,, and the rate of the heat of c~stal~zation of the crystal, 
(dQ/dt),i at time t; and Qrj is the total heat produced during a certain 
time, including the heat of mixing produced between solvent and d&tent, 
QZi, and the heat of crystallization by the crystal during a certain time. 

RESULTS AND DISCUSSION 

The total heat produced (Q,) and the rate constants during the crystalli- 
zation of RDX and HMX from DMSO and cyclohexanone at 30°C are 
listed in Table 1. 

From Table 1 the following observations can be made. 
With the addition of seed crystals of RDX, the value of k, (or k) is larger 

than that of k, (or k) without seeds. This shows that the total number of 
nuclei in the seeded solution is greater than that in the unseeded solution. 

Because the values of the constants a and b are small in comparison with 
those of k, and k, the kinetics of the crystal growth processes of RDX and 
HMX can be expressed by eqns. (4) and (6). This fact indicates that the 
crystal growth processes of RDX and HMX from DMSO and cyclo- 
hexanone accord with the BCF dislocation theory model. 

CONCLUSIONS 

It is possible to study the crystallization kinetics by measuring the heat 
produced and the rate of heat production using a Calvet microcalorimeter. 
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The crystallization kinetics of RDX and HMX from DMSO and cyclo- 
hexanone can be expressed by the BCF dislocation theory model. 

REFERENCES 

1 S.H. Bransom, W.J. Dunning and B. Millard, Crystal Growth, 5 (1949) 83. 
2 Deng Yu, Gaodeng Xuexiao Huaxue Xuebao, 6(7) (1985) 621. 
3 W.K. Burton, N. Cabrera and F.C. Frank, Philos. Trans. R. Sot. London, Ser. A, 243 

(1951) 299. 


