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Table 1 Model parameters, MAPD and R*, correlated by the Apelblat equation in different solvents
solvent A B C MAPD /% R?
benzene -431.86 14867.71 66.47 1.79 0.9989
methanol —204.85 6995.39 31.24 0.56 0.9996
ethanol absolute —262.38 9443. 06 39.79 0.63 0.9993
n-propanol —294.58 10353. 45 44.80 0.90 0.9992
isopropy! alcohol -389.77 14016. 35 59.28 0.34 0.9992
n-butanol —347.83 12691.38 52.75 0.72 0.9995
isobutyl alcohol -373.65 13182. 66 56.87 0.34 0.9999
n-pentanol -191.37 5524.89 29.52 0.82 0.9996
isoamyl alcohol —-238.41 7471.01 36.57 0.58 0.9997
water 91.19 -7817.59 -12.99 0.77 0.9997

Note: MAPD is the the mean absolute percentage deviation correlated by the Apelplat equation.

® 2 AREERH vant't Hoff J5 8 I i L8 2 4
Table 2 Model parameters, MAPD and R*, correlated by the

vant't Hoff equation in different solvents

solvent a b MAPD/% R’

benzene 14.32 -5226.19 5.18 0.9932
methanol 4.82 —-2448.95 2.40 0.9931
ethanol absolute 4.68 -2583.70 2.67 0.9908
n-propanol 6.12 -3188.97 3.37 0.9921
isopropy! alcohol 8.13 -3903.19 4.16 0.9916
n-butanol 6.22 -3253.23 3.45 0.9901
isobutyl alcohol 8.08 -4009.13 3.86 0.9926
n-pentanol 6.74 -3397.18 2.20 0.9969
isoamyl alcohol 7.09 -3585.08 2.47 0.9960
water 4.01 -3891.18 1.17 0.9993

Note: MAPD is the mean absolute percentage deviation correlated by the

van’t Hoff equation.

FME2 BoR, KEFH R BEET O, H
MAPD /N T 5. 18% 15 B I A J7 2 g B8 4 Hb 00 5 i
3.6 IREAMBBMERHRBMRESTHITE AR

K&

MTNP [ 35 fife 5 1266 o 3R 2 el iy 56 &R0 IR

~A(5):

CHINESE JOURNAL OF ENERGETIC MATERIALS

Ay H? Ay, S

" (5)

RT R

Hof R ARSI H 83145 ) - mol™ + K5 A H®
1 A, S 45 5 40 4 005 PO A A, H
Zill Adi55@ ﬁi}'}jﬂjy\ vant't Hoff J5 72 E/:J%CEE*“?AI'KX#@
B FE R R MTNP A% o 7 45 0 B R
A

Inx, =—

AdIsG@=AdisH@_Tmean - Adiss(q (6)
o SRR s X
Tmean= . 1 (7)
=1 '
50T

%A, n AR v R IR NG T O SRR
B LK,

Wit (7)) FEAAR T,.,,=303.15 K,

Vs fire 2k R R 7 ARV AR o A o T A T B PR BE A A
X TERAE 0 i LUF B

%, = BanH” x100 (8)
: ‘ AdisH@ ‘+‘ TmeanAdiSSQ ‘

o ‘ TmeanAdisS@ ‘

Vol s 100 (9)

= X
‘ Adis H@ ‘ +‘ TmeanAdis‘S@ ‘
MAE DL B AR AR ALHT L ALST

A g M A 2018 % #26% #H64 (511-516)



514

MEEA, Humak, e, SR, B, KA

Ay G %l %L s W3 3,

M1 3 W LLA W AR b, bR A 0T A RE
B /N B R B Ay - R <HH s < 2 <DE TN i < IF G B <
IETBE<5 B <N BE<S T BE<K,IF H A, G” 1
G VR R AR, 0 MTNP A & — 1 3EE R
R, B AN A HT AE BT A B Pl (A, KW
MTNP [ fif o — A WG FE . 53 A, 76 55— Fh i3 511
i, % AR T % s, X T8 A 75 A5 300 11 B BE R B,
B JE A R AE

R 3 MTNP TEA ) 3570 v ) 34007 2 R B (E

Table 3 Thermodynamic function values of MTNP in different

solvents
solvent B H” A" A, 67 Nl Wl
/K -mol™ /)K" +mol™ /kJ - mol™

benzene 43.45 119.09 7.35 54.62 45.38
methanol 20. 36 40.07 8.22 62.64 37.36
ethanol absolute 21.48 38.88 9.70 64.57 35.43
n-propanol 26.51 50.92 11.08 63.20 36.80
isopropyl alcohol 32.45 67.57 11.97 61.31 38.70
n-butanol 27.05 51.73 11.37 63.30 36.70
isobutyl alcohol 33.33 67.19 12.96 62.07 37.93
n-pentanol 28.25 56.06 11.25 62.44 37.56
isoamyl alcohol  29.81 58.91 11.95 62.53 37.47
water 32.35 33.30 22.26 76.22 23.78
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Fig. 3 Surface tension and surface entropy factor of the crystal

for MTNP at different temperatures in different solvents
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Fig.4 The crystal micrographs of MTNP (x100) in different

solvents
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Crystallization Thermodynamics of 1-Methyl-3,4 5-trinitropyrazole

GUO Heng-jie, CAO Duan-lin, DANG Xin, CHAI Xiao-xiao, FAN Li-hong, LI Yong-xiang
(Institute of Chemical Industry and Technology, North University of China, Taiyuan 030051, China)

Abstract: The solubility of 1-methyl-3,4,5-trinitropyrazole (MTNP) in different solvents was determined by the gravimetric meth-
od. The Apelblat equation and vant't Hoff equation were used to correlate the solubility data. The standard enthalpy of dissolu-
tion, standard entropy of dissolution, standard Gibbs free energy of dissolution, solid-liquid surface tension and surface entropy
factor of MTNP were estimated by the experimental data. By comparing the solubility data of MTNP, benzene, methanol and etha-
nol absolute were used to crystallization as solvent and the product was characterized. Results show that the solubility of MTNP in-
creases with increasing the temperature. The mean absolute percentage deviation between the fitted and experimental values of the
Apelblat and vant’t Hoff equation is less than 5. 18%, but the experimental data correlated by the Apelblat equation is superior.
The morphology of the product crystallized using ethanol absolute observed by electron microscopy is regular and uniform. The
impact sensitivity of product crystallized by ethanol absolute is 68%. The size uniformity of product measured by the BT-2002 laser
particle size analyzer is better.

Key words: 1-methyl-3,4,5-trinitropyrazole (MTNP) ; solubility; thermodynamics; crystallization; characterization
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