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Fig. 1 Design principle of ammonium-amine explosives
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Fig.2 Preparation flow chart of ammonium-amine explosives

055201-2



37 WA RO D X B e K2 P RE ARSI %5

®1 BRRIEAERRES

Table 1 Matrix formulations of ammonium-amine explosives

Mass fraction/%

Sample No.
Ammonium nitrate Sodium nitrate ~ Aceticacid =~ Water =~ Hexamethylenetetramine  Guar gum
1 77.0 3.0 3.0 10.5 5.5 1.0
2 76.0 3.0 3.0 10.5 6.5 1.0
3 75.0 3.0 3.0 10.5 7.5 1.0
4 74.0 3.0 3.0 10.5 8.5 1.0
5 73.0 3.0 3.0 10.5 9.5 1.0
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F—Wo LAKEZYR LR BIIE R 56 42 S HR AIARHE, 10 5% SR N 1]
133 $RERIFABERMNERITE

HRE Brinkley-Wilson i WU 1 Hess 5 H 1), 355 B AT AN [R] 75 0 HY 66 I i 55 0 1) 8 M K0 24 114 B0 A
o BBEHE 2508 KE I B PRI O 25 °C, B K 24 JRURK A4 £ 2 21 23 RIS ™ W 9 A O, D A 2 1) 5
Fekgdh 0, FISE AR O, vl 7330 R

Qp = Qpl,3 - Q]JI,Z (1)

0, =0,+nRT )
e Q5 FHELGRER =W 0 5 T 22 A Z R 0,5 o Tl A 24 2% DUk 23 1) 5 T A AR 2 s e O
FEJ5 MR P 5 (4 B 22 5 R OWAARH 1, R=8.314x107 J/(mol-K); T W PRSI B, 7=298 K. MR IR
PR3l J1 23 T R, A A 2 p k)

Dy = 2(y* =10, 3)
1 M x;
S N 4
Y ; Yi )

K Dy WIELT R BIR R ;v R K 25855 7 W W SE R A8 50 X, B W AR | AT B EE IR A3 B N R
BT ARG v, IR TS | A5 2 07185 H,0., CO,. CO. O,. N,. C £ J7 155535
H 19,45, 285, 245, 3.7, 335,
1.3.4 JEZGFZIR MK

R FH H A S8 AN (W] 7SS FE R DO e o A B B K 2 R . R R B SR I v, A NN AR
45 mm, #ME 50 mm. K 300 mm [ PVC 4, P AR B SE S5 A9 R BE S8 100 mm, ) &2 P B 1 3k, R
100 g #+ A FLALKELGHEA TR 1, T4 3 4, HOF- 3418,
1.4 TG-DTG S£I§

18 TGA 2 BB Zp Mr AU KT 5 Pl e VE 245 4T TG-DTG MR, A 5 T &4 (5.0£0.2) mg, FH il %
S50k 5. 10, 15, 20 °C/min, TFE X 8] 7 30~400 °C, E 5k i O 8L ER 31, Sh R B S, sl

50 mL/min,

055201-3



37 WA RO D X B e K2 P RE ARSI %5

2 FER5TR
20 ATHRENERSENERIEATESXKARNT M

S T 0 5 105 ZELAS [R5 7 P 4 e 5k 14

W KE 265, 3 R (1) 55 E 976 1,41~ 1.42 g/em® 2 ], Br ey

L 24 O € 1,10~ 113 glom® 208, 75 ) -

DO e B R e 2 T R B, B 5 .

W 2500 3T LT R IR, R 2t s £ 2

1 P T B0 R 190 B 2R, AT 5 80 1A K i 200}

TKH B o A S 69 I A 24 8 B () 9725 A

B3 B o IS 2 i, e 2 5% 9 B PO | | | |
WD 5B 0 A SIS , S [ 7 I Y e it ot 23

th
3 B RIHE 2 B R R RS IBRN 18] 122 1

Fig. 3 Variation of viscosity with cross-linking time for
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Table 2 Theoretical detonation parameters for 5 groups of explosives

Sample No. w/% Oxygen balance/(g-g ") Dy/(m-s™)
1 5.5 0.04493 4572
2 6.5 0.02243 4564
3 7.5 -0.00012 4559
4 8.5 -0.02267 4419
5 9.5 —0.04521 4264

AR 8 A A0 TH A0 2R 257N I P 3 U % 79 T 0 K T 7.5% I, e K 245 08 B SR KR 24, R
PP B SR R A SE R T ADT R, SR OB, 23 A O B B BURR . CO A5 2 A1 35 UK, B
REY) I JC 1% 5 A B F BY BE &, 36 FCRE B 401 FE 5 24700 F R 0 g 1) S i 20 BN T 7.5% I, B MR 25 O
RSP, KE 24 v B 35 ) UK TR T R e AL S A Ay, AR AR O, eI SE AR . N AR
J¥i 1) 5B O 5.5% I, 0 M K 24 ) B AR A B A g
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Fig. 5 TG curves for 5 groups of explosives
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Fig. 6 DTG curves for 5 groups of explosives
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U, & T e e K 25 b A 7S I Y 256 D e 5 Y R e oS A A T S ) e, S L B B T B TR Rk
G378 R LA B — SN B ) T 5 B e T R . 5 IR il 1) BT 0 O SR TT A S 25 51, 100 W 9 B 1 o
1 2 55 75 30 HY 5 DY Je ) Jo 0 BTG G, 7SI R B DU e of 6 A 88 I i P 1) 52 T /0N, K 03 T 78 R 4
o 552 B B R A9 R X [E] S 200~300 °C, TG £ T [, DTG 4 31— SR80 2 F g, 1k
2R i T PR S, T G R (@) 2R 81%, 3X — B BOXT I 114 2 e R R0 T HE 24 & A R B A Ak
RN BB WG . 300 C ZJ5, TG A1 DTG M4k T Ff, TR TG KA. S HIELRMT
TG Hh 428 Ak e 4B A — S, U B 7S 7 6 70 P 55 R o) g i e 245 1) A e o R 2 ol B I8 1) 52 )

Bifi 5 T T R 3 R, 45 AR Y TG e n) & 07 10 R B, 76 15 °C/min A9 FHEL R T, 5 4R
JE B 50 B B ) TF BRI BE T« DTG WA TRLEE T,. 55 1 B BOT & 812K % o) RSS2 B B 0 k461 2K %
a, W3 T, BEGh I~FEah 5 1Y T 1 T, 5 F IS M TRES 1, BRGS0 T, 1 T, Thimi 5.47
F15.51°C, BAUIRE S 5 AARZE e PR i o Al R B RS I R 3 DU G 210 A1 232.28 °C & AR Ao fife i i o),
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Table 3  Tonset, 7p and the mass loss rate at the heating rate of 15 °C/min for 5 groups of samples

Sample No. T, C T/C a,/% /%
1 230.61 269.45 13.43 81.02
2 231.77 270.04 13.58 81.27
3 232.59 271.99 13.71 80.32
4 232.48 272.42 13.62 80.72
5 236.08 274.96 13.54 80.51

055201-6



37 WA RO D X B e K2 P RE ARSI %5

25 BIAEESHGTE

R T AR BN [R) 7S SV H S DO i 2 B 1) e M 2 B I i 3h H1 A S8 IR TG-DTG R4S S, XF T
J e 451 % R (R AL ) o 7 20%~ 80% 3 Bl N, i FH #4043 #r 3l 71 24 104332 (Kissinger 15 ) 115 AS 7] i
HORR Al 1122, Kissinger T RE A

B _ AR E,

ln(_) = ln(EkG(a))_ RT )
e Gla) NI ALFERREL, A HFE 1T HF, E, N Kissinger J5 7221158 1) 52 W 1 AL BE

TEW B AL R o MTHRER g G HT, I HLEE R G(a) N &, Wi In(3/T) 5 1/T i e,
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BN E S IS AL RERT, 22X T 2Ry ik, 45 R, (i Kissinger 77 AT B AR B IG L RE LA E B
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S 1027 S 102} S 102}
F 104} E 104} F 104}
-10.6 ¢ -10.6 | -10.6 ¢
-10.8 ¢ \ ] -10.8 + V)Y ) -10.8 ¢
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Fig. 7 Fitting curves of In(8/T%)-(10%/T) obtained by Kissinger method
# 4 Kissinger 5 AT S HURYIELBE
Table 4 Apparent activation energy obtained by Kissinger method
o, Apparent activation energy/(kJ-mol ™) R
a
°  Nol  No2  No3  No4  Nos Nol  No2  No3  No4  Nos
20 78.15 81.48 104.76 98.94 126.37 09922  0.9973 09836  0.9985  0.9922
30 81.48 93.70 108.91 105.59 115.56 09896  0.9979  0.9847  0.9871 0.9913
40 97.27 105.26 114.73 122.22 132.19 0.9944 09854  0.9927 0.9861 0.9985
50 108.08 112.41 117.23 125.54 128.87 09996 09942 09963 09919  0.9956
60 98.11 112.41 120.55 126.37 124.71 09917 09936  0.9945 0.9946  0.9975
70 96.44 114.57 119.72 123.05 122.22 09894 09918 0.9910 0.9904 0.9972
80 96.44 115.15 114.73 122.22 123.04 0.9881 09893 09881 09914  0.9974

Mean 93.71 104.99 114.37 117.70 124.71
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B J5 R A B R 5.5% HE N & 9.5% K, SC BRI I F 7 h B9 ZE 13 he

(2) 2475 37 66 U iz 1 o ek 0 B el 5.5% 0 3 9.5% I, Sl M 24 YR 5 TR R I 24N
L DU g 1 B A A3 B8R 7.5% I, B M K 24 ) AR R B A R, A 4070 mis,

(3) 7 7. 56 DU Ji 1) Jo s 3 5ORT i Je B 247 1 A o figp ol R VA WD A ) 5 e L B e 1 247 1 R 0 4
T 5 0 A 3 foge U R B 7 ST R 5K D e o 3 50 188 1) = 3R T ) /N B AR RS, 24 7S S FE G DU e 7 5 Ay
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S22 3CHk:

(1] B, XL A KE 2 AT SR M A O 23 B [J]. PU)1146 T2, 2021, 24(6): 43-46.

ZHAO R. Fault tree analysis of screw pump explosion of emulsion explosive [J]. Sichuan Chemical Industry, 2021, 24(6):
43-46.

[2] WS, BOCSE, SRALNE, . AR A2 UK IR KE 2 M RESZ T ) SR TS [J]. CREERAL, 2021, 27(6): 110-115.

CHAO J, HUANG W Y, WU H B, et al. Study on the influence of aluminum powder on the performance of water gel
explosives sensitized by chemical method [J]. Engineering Blasting, 2021, 27(6): 110-115.

(3] Ak, 2Lt Mo R AURDIRER 25 4 T2 MBat ()], TARRRAE, 2022, 28(4): 96-101.

NIU B, LI S H. Design of production technology of improved prilled porous ANFO [J]. Engineering Blasting, 2022, 28(4):
96-101.

(4] BEICGE, AR, FhVESE, 5. — PR e E 2 B il 48 7775 CN115650809A [P]. 2023-01-31.
HUANG W Y, NIU C Y, SUN B L, et al. A gelatinous ammonium-amine explosive and its preparation method:
CNI115650809A [P]. 2023-01-31.

[5] MG, FULKEZY [M]. 2 B JEat: 14 Toll i ik, 2008: 3-5.
WANG X G. Emulsion explosive [M]. 2nd ed. Beijing: Metallurgical Industry Press, 2008: 3-5.

[6] CLARKE C, HARDING C. Methenamine as prophylaxis for recurrent urinary tract infections: an overview of the ALTAR trial [J].
Obstetrics, Gynaecology and Reproductive Medicine, 2022, 32(12): 289-290.

(7] &, b, Ede, 5. SIRAEah i f] A R R S B R R LRI (], B EOR S TAE, 2019, 193): 101-105.
WANG Z, XU Z S, WANG J L, et al. Experimental study on thermal safety of the preparation of cyclotrimethylenetrinitramine
from the nitration of urotropine [J]. Science Technology and Engineering, 2019, 19(3): 101-105.

[8] HOSOYA N, NISHIGUCHI K, SAITO H, et al. Chemically cross-linked gel storage for fuel to realize evaporation suppression [J].
Chemical Engineering Journal, 2022, 444: 136506.

[9] YANG Y, CHEN F, CHEN Q, et al. Synthesis and characterization of grafting polystyrene from guar gum using atom transfer
radical addition [J]. Carbohydrate Polymers, 2017, 176: 266-272.

(10] 3, 25U, B PERE, 45, AW 500 & 1o X S0 IR e LA NE 25 MR I A PR TR S M BE RSS2 IR [J]. & REATEL, 2023,
31(5): 467-476.
YANG C, LI H W, YANG S Q, et al. Effect of biodiesel on thermal decomposition characteristics and anti-vibration
performance of on-site mixed emulsion explosives [J]. Chinese Journal of Energetic Materials, 2023, 31(5): 467-476.

(1] 2, B3R, A, 2. & AR SR B B T SUBEE T A A MR TS (0], 22 5 BRI, 2023, 23(1): 80-86.
LI HW, YANG C, NIE H J, et al. Study on the adiabatic decomposition of emulsion matrix containing different mass fractions
of ferric ions [J]. Journal of Safety and Environment, 2023, 23(1): 80-86.

(12] RELHEe, M, Tk i 4, 55, — A BRI S RE e IR 1 8 S A AR PE I 520 ], B RERTEL, 2022, 30(3): 242-249.
WU H B, YANG L, SHEN Z J, et al. Effect of dimethyl sulfoxide on low temperature resistance and thermal decomposition of

055201-8


https://doi.org/10.3969/j.issn.1672-4887.2021.06.011
https://doi.org/10.3969/j.issn.1672-4887.2021.06.011
https://doi.org/10.19931/j.EB.20210059
https://doi.org/10.19931/j.EB.20210059
https://doi.org/10.19931/j.EB.20210295
https://doi.org/10.19931/j.EB.20210295
https://doi.org/10.1016/j.ogrm.2022.09.004
https://doi.org/10.3969/j.issn.1671-1815.2019.03.017
https://doi.org/10.3969/j.issn.1671-1815.2019.03.017
https://doi.org/10.1016/j.cej.2022.136506
https://doi.org/10.1016/j.carbpol.2017.08.081
https://doi.org/10.11943/CJEM2022262
https://doi.org/10.11943/CJEM2022262
https://doi.org/10.13637/j.issn.1009-6094.2022.1027
https://doi.org/10.13637/j.issn.1009-6094.2022.1027
https://doi.org/10.11943/CJEM2021176

37 WA RO D X B e K2 P RE ARSI %5

emulsion explosive matrix [J]. Chinese Journal of Energetic Materials, 2022, 30(3): 242-249.

(131 SRBL, 7R, Bl e, 45 SRPRLRE X FLACKE 2538 P o i AR PE ORI (7], TR R4, 2017, 31(2): 148-154.
GONG Y, HE J, YAN S L, et al. Effect of aluminum particle size on thermal decomposition characteristics of emulsion matrix [J].
Chinese Journal of High Pressure Physics, 2017, 31(2): 148-154.

(141 XUH, #6540, i, 2. TR B K25 i i o S PERE (7] K254, 2020, 43(4): 372-377.
LIU W, GUO Z R, WANG Y, et al. Preparation and properties of heat-resistant ammonium nitrate fuel oil explosive [J].
Chinese Journal of Explosives & Propellants, 2020, 43(4): 372-377.

[15] HU Y C, CHEN Q, HU Y Y, et al. The generalized thermodynamic temperature and the new expressions of the first and the
second law of thermodynamics [J]. Journal of Thermal Science, 2016, 25(1): 1-6.

(161 H3CS8, Hif e, K2k Sl [M]. Jbat: ih 4 ol i, 2009: 95-100.
HUANG W'Y, YAN S L. Explosives chemistry and production [M]. Beijing: Metallurgical Industry Press, 2009: 95-100.

[17] MAITI S, KHILLAR P S, MISHRA D, et al. Physical and self-crosslinking mechanism and characterization of chitosan-gelatin-
oxidized guar gum hydrogel [J]. Polymer Testing, 2021, 97: 107155.

(18] FERR, T4 FE VM RDX/NC/AP/AL &G XEZ] il 46 K HAERERAE [J]. & REA KL, 2022, 30(6): 528-534.
JI W, XU Y X. Preparation and characterization of RDX/NC/AP/AI composite energetic microspheres based on zero-oxygen
balance [J]. Chinese Journal of Energetic Materials, 2022, 30(6): 528-534.

[19] KAZAKOV A1, IVANOVA O G, KUROCHKINA L S, et al. Kinetics and mechanism of thermal decomposition of ammonium
nitrate and sulfate mixtures [J]. Russian Journal of Applied Chemistry, 2011, 84(9): 1516-1523.

[20] SZIELE, BRAIE, BESOM, 55, SIKFEA RIS 157 (1], S RERTEL 2016, 24(5): 497-502.
PENG H L, CHEN L P, LU G B, et al. Thermal decomposition kinetics of Urotropin [J]. Chinese Journal of Energetic
Materials, 2016, 24(5): 497-502.

[21] VYAZOVKIN S. Is the Kissinger equation applicable to the processes that occur on cooling? [J]. Macromolecular Rapid
Communications, 2002, 23(13): 771-775.

[22] REET X, BUE, 5. AR XT BUATRBE LML 2GR SRR PR EE RS [7]. JOEZS2E4R, 2022, 45(2): 249-256.
WU PY, LIU F, WEI G, et al. Effect of particle size of internal phase on non-isothermal thermal decomposition characteristics
of field mixed emulsion explosive [J]. Chinese Journal of Explosives & Propellants, 2022, 45(2): 249-256.

Effect of Hexamethylenetetramine Content on the Performance of
Ammonium-Amine Explosives

HU Jie, HUANG Wenyao, SUN Yanchen, NIU Caoyuan, LIANG Hao, SHI Ran

(School of Chemical Engineering, Anhui University of Science and Technology, Huainan 232001, Anhui, China)

Abstract: To investigate the effect of hexamethylenetetramine content on the performance of ammonium-
amine explosives, five groups of ammonium-amine explosives were prepared using hexamethylenetetramine
with mass fractions of 5.5%, 6.5%, 7.5%, 8.5% and 9.5%. The cross-linking time, detonation velocity and
thermal decomposition process of ammonium-amine explosives were studied by means of viscosity analyzer,
chronograph, detonation velocity tester and thermal analysis techniques. The results show that when the mass
fraction of hexamethylenetetramine increases from 5.5% to 9.5%, the cross-linking speed of ammonium-
amine explosive gradually slows down and the cross-linking time gradually increases from 7 h to 13 h, and
the detonation velocity of explosive increases firstly from 3552 m/s to 4070 m/s and then decreases to
3663 m/s. The content of hexamethylenetetramine has insignificant effect on the thermal decomposition
process of ammonium-amine explosives. With increasing content of hexamethylenetetramine, the apparent
activation energy of ammonium-amine explosive increases from 93.71 kJ/mol to 124.71 kJ/mol, and the
thermal stability is improved.

Keywords: ammonium-amine explosive; hexamethylenetetramine; detonation velocity; thermal stability
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