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Study on Solvent Mediated Phase Transformation Kinetics of
Hexanitrohexaazaisowurtzitane(HNIW)

Jun-Hyung Kim* - Yoo-Jin Yim*

ABSTRACT

The crystal growth and dissolution rates were calculated by solving a model equation, which involved
the dissolution of the metastable phase(S-HNIW) and growth of the stable phase( e -HNIW), together with
the mass balance equation. The model has been successfully used to simulate available kinetic data for the
B — ¢ polymorphic transformation via a solution phase. From the effectiveness factor based on the
two-step model, it was found that the surface integration contribution to the process was comparatively
small, and a diffusion dependency decreased with an increase of the mass fraction of chloroform in the
mixed solvents of ethyl acetate and chloroform. 'Appling these kinetics in process simulation allowed for
the prediction of the product size of ¢ -HNIW.
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lNady crystal growth rate
ar : size dependence exponent in Eq.(9)
ao : size dependence exponent of overall br : size dependence exponent in Eq.(10)
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ar : size dependence exponent in Eq.(9)
br : size dependence exponent in Eq.(10)
C : concentration [g/100g solvent]
(oF . solubility of S-HNIW [g/100g solvent]
C. : solubility of ¢-HNIW [g/100g solvent]
: supersaturation dependence order of
overall growth rate
Eq : activation energy of diffusion step [J/mol]
E; : activation energy of surface integration
step [J/mol]
Ky . mass transfer coefficient [zm/sec]
K: : surface reaction rate coefficient [gm/sec]
Kp : dissolution rate coefficient [tm/sec]
Ko : overall growth rate coefficient
L . particle size of B-HNIW {¢m}
Lg; : initial particle size of S -HNIW [tm]
L, : particle size of & -HNIW [¢m]
L.¢ : final particle size of & -HNIW [gm]
r : surface reaction order
R : gas constant, 8.314 J/mol K
Ry : linear growth rate [pm/sec]
T : time [min]
t . time [sec]
T : temperature K1
X, : mass fraction of ¢-HNIW in crystals
X1 : mass fraction of chloroform in mixed
solvents of ethyl acetate and chloroform
7r : effectiveness factor
o : relative supersaturation
i : relative supersaturation which would exist
if all solids were in solution
s : relative supersaturation at crystal surface
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Table 1. Median size of HNIW at various XL

{ X1 0.80 0.75 0.67

Lgi (gam) 3.33 341 3.69
Lo (pm) 18.40 15.80 14.75
109 — — O — 1 ~g® - |
o
N ®
1 o !
B ‘ [ ]
| A
6 1 A L -
o | ‘Jr. X,=0.80 ﬁ!
x ! o X075
4 b Lo %27 |
| ®
2 |
i T
el a @
00 o, — e— — oy
0 50 100 150 200 250
T [min]

Fig. 1 Dependence of X. on elapsed time(7) in
crystallization”

Solubility (g /100g solvent)

Fig. 2 Relationship between the solubilities of
the polymorphs and X
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Fig. 3 Particle size distributions of HNIW
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Fig. 5 Relationship between relative
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Table 2. Kinetic parameters in Eqgs.(3) and (4)

XL Kp Kc g a0

0.80 |2.146E-3|9.873E-4| 1.456 0.779

0.75 |2.334E-3|5.270E-3| 1.408 2.555

0.67 |1.876E-34.375E-3] 1.292 2.435
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XL K’ KL ar br

R,=K,c’s : ZHZFA ®
0.80 |6.752E-3|1.513E-3| 0.613 0.833
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