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Table 1 Mass of samples and measuring conditions

e M/g m/g T,/C m;/(°C /min) AT/C t/min
AN 0.367 6. 380 150 0.02 3 5
NEIFAN 0.504 6. 804 150 0.02 3 B)
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14 | | NFE F‘\_' iii_";,'f| j-—
/8 1 - -
£ 16 4 O g o» _
S 32l S A } w
< < 1/8
S UAER & 6 m ]
1/128 1/32 "
1/256 1/64 ]
175 225 275 325 375 425 220 260 300 340 380 420
T/C T/C
P 3 AN R BE -3 T 5 < 2 4 NEIFAN Ji B - 7o 5 il 2k
Fig. 3 Temperature-temperature rate curve of AN Fig. 4 Temperature-temperature rate curve of NEIFAN
% 2 AN #1 NEIFAN #9455 8
Table 2 Characteristic data of thermal decomposition of AN and NEIFAN
FE M/g é T.../C mo./(°C/min) m,,../(*C/min) T:.,/C
AN 0. 367 5.875 180. 47 0.022 0. 160 287.51
NEIFAN 0. 504 4,550 255. 65 0.031 0. 641 388.12
T:/°C ATw../C AT../C Oy, ./ min 0, /min T,./C Do/ MPa
809. 33 107.04 628. 86 1252.90 213.26 273.59 2.687
858. 39 132.47 602. 74 43.18 9.49 267.65 3. 855
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AN 98. 228 3.5X107 219.55 ‘CH, i FF# £ HE0. 019~0. 042 °C/minil
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BN 0.013~0. 209 °C/min, X UL TE AN 9 40 fift o 72 b [R) s £F Bt A WA 7 . 78 55 — DO B
B AR EE Sy 218, 57 C I BE AR KR T3 28 m,, R 0. 042 °C/min, N R S8 il B T o 219. 55
CL B KN ETT pi. K 0. 494 MPaj; 1Ml 75 45 = YR 0 E B BE IR T o R B 2 188 in, 24 R BF 3k 3] 273.59 °C
B B R IR T R 0. 16 °C/min, T 5 i T 38 38 OB T T B (X 0] BE 2 SN0 T FE I B0 L (A R
N R G0 FE RN N R Gt i IR R 422, 74 °C LB RV R f1 R 2. 687 MPa.

1M e & 2 FNEL 4 AT NETFAN 220008 3R G2 45 10 0900 46 43 il 3 ol 255. 65 °C, %) 0L 1) il T 3



236 DS 1 5 et i %25 %

9 0.031 °C/min, NEIFAN GH i it B 50 AP Br B, (H NI 4 il DLE BT 4 I 3 B 5
AT 1 3% 2t F NEIFAN S8 A AS R 38 Jin 500 1 5 B0 0 2R 88 10 R 5k 5% MBS
AR 8 T LS A AN R 40 J53 1) o TR 235 R 1 7 A . 33 ol 78 ) 2 7 Ay W AR O HA 5 B ) AN I e Ak . R
MR A AT RES R T AN BRE AR IL . it L 38 5 % A 28 1k B0 BF 55 st A7 nT BE 4R AN fi Bl IR 10 &5 B
MG RIZE S T 240 iR BIFEAL AN BRFEMER B i, BRI IL (BN E 4 hid & 0] LLE ) — e
NEIFAN £ 4 8 T B0 64 23 I B T, 255. 65 °C B E R T 44 5 1R T 33 58 S I 584, AT
AREI0. 031 °C/mind¥ N F]267. 65 CHIAY0. 641 °C/min, K5 I TH 3 % X218 F 50, 016 °C/min
O I LB Sy 302. 07 °C L e J1 2k 3. 69 MPa) . iX A BE & H1 F NEIFAN £ 4] IR #450 fift oo 72 v = AR 1 R0
A RE 5 AN MR B AL A CFE AN B v BT HE A S Tl R B — A1k R0V B AT TR I AN 0 B2
HRE U G2 5 5 U BOR 29N 1 078 min JR4R G AR S 372, 1 °C IR TH# A 0. 028 °C/min,
JEJ124 3.82 MPa, 1 It Wy Bl 7t 3 8475 AN W 388 in , B % 5 KH 0. 058 °C/min, fii 5 X 3% Wi s /b, {H 4
AN BN FR G0 il BE R T3 AS W R R e R AN

RG22 F3e 3 Bl A5 2 (00 46 B BE T I fe R BE T DA SO [ i 220 12 17 2 46 ) 3 B
T VR TE 3 o B0 R Excel A1 Origin 34 4b 35 46 52 56 5085 . i 5K (8) al 3155 R R IR R 1

kAEAEH Ink” %lﬁiﬁ X 2 A Ak [l U A A [ R0 40 2R 0 /NG S S R e B2

e N ST s . 1 .
Bn 90,0.5.1,1.5 A1 6 B9 AN Fil NEIFAN U GRFE i 9 Ink ™ - 28 ILI 5~6.
n=l5% o1af 0.03
0.04 n=1 n=6 0.02
0.12 T ’
| 0.01 .
0.03} 0.10 ) P
n=1.5 ol =
- *, 0.08 " 370 380 390
~ 0.02} 'Y Y
. 0.06 - r n=1
L a
001} /’ r 0.04 / A
.ZL:O.J n=l5 02 w» .}.J'.
g =l5 0.02 g 0.
B2 e P = oy
0 L oeR ./*‘:“i'"_l.l.'ﬂl.ﬂ. P RPN B BENPE 0k L 1 L L ! ! ! L L L el
180 220 260 300 340 260 280 300 320 340 360 380
T/°C T/°C
Fs5s AN E 5 TRRIMLE 6 NEIFAN ) £* 5 T kR
Fig. 5 Pseudo rate constant of AN Fig. 6 Pseudo rate constant of NEIFAN

M & 5 A 6 Al LI H L, AN ZE 5 — UOBCA B BE (180, 47~219. 55 “COR SR n=0 B} HA
BUFBYLRPE S 2 s AN 055 U B (223, 38~422. 74 “COI, IR n=1. 5 I BAG B4 26 1k
K ZNEIFAN 7E55 — YO B B (255, 65~302. 07 COIF . 24 R W 8 n—=6 Bf LA AR IF RO PE K R
NEIFAN 7E 55 — WA B B (372, 10~388. 12 “CHRF . 2 S W B n=1 I HA R GBIk & & (LA 6
R . B UL ESSREY] L NEIFAN [ AN B9 46 750G B2 285 75 2, — B NEIFAN 3K 247 46 7%
PORE S BN e B i B i ) e LR 2) T 5 S 6 R 1 G, A R it
PR SL AT )2 L AN AR 2,10 AN B 3K ) 46 0L BE DS - SO 3 BE R 22 R, M T 5 U AS
N FE P A RE ORI R, — HRE R A B 8 — o B R 5 R E .

K7 A8 435Iy AN Fl NETFAN I3 AF: i 31 35 dse KT 3 48 e 5 i) 1] -1 Rt 2. i 2 3R B,
Wi A T ) T 8 3 i R TR T R BT I ) 5 D A NETF AN H B8R G5 ik 1) 3 B2 28 3 T AN A3
it BN 85 T 3 3] 3 3 T 3 3 P A N [ DDA 25 A K, X6 EH NEIFAN [ AN AR e R iRfd £ .



%3 VAL & 4 AR BT 3 JRUR T A R 8 $A 20-fik BN 8l g 2 Y BF 52 237

250
[ ]
300
|\. 200
: \
= 200 e g 1503
E \ £ .
< | < 100 .
100 I~ kY
50
0 ‘b.._.
0 l\“\- 0 ~d— ¢
476 480 484 488 492 528 532 536 540
T/K T/K
7 AN 0,-T XFRKE ¥l 8 NEIFAN ) 0,-T & &K
Fig. 7 0,-T curve of AN Fig. 8 0,-T curve of NEIFAN

G CTD A5 AN R NEIFAN PR & 09 R AT B2 . AN FESE — RO BE i Taw =
471.03 K(197.9 C)7E4 Z I BT B T =517. 39 K(244. 24 °C) s NEIFAN 7E 5 — K B B
1) Tae =534 K(260. 86 “C), 7E4 —IRBABTBLH T =653 K(379.86 C),

[FIAE R L2ty SR AN FE 25 — W88 WO B Be 1% 11 ok B I 3 B8 43 1) R 424, 2 KA
464.5 Ky NEIFAN 7655 — U 50 0B B BE A 1 ek s vz 3 B 43591 ok 521. 86 K Fll 637 K.,

24 RIS AT LUF L NEIFAN o AN AP 5 P

4 N £

A ARC X AN HI NEIFAN 33 9 Ff A i 26 28 73 ik 0 128 B 45 20 1) 38 B2 L s 0y il B -t T 3 30 45 4
Wit o VT3 R T AR RE RN A R L 0 3 e R T T R B T T 0 R T i AR R T R Y I R O AT R
H s S 0 i B 2 Bl g 28 280 3 1k 5 T DO 04 A B, T AR DA R S e

(1) NEIFAN B9) 46 #4508 B2 b AN A0 46 R 40 fife IR B2 42 i 3 50 06, 17 LT A9 S i 36 3R 22
F 0 S 7 I R b S H e AR £ T BB NETFAN 5 ¥ 1m0 %t 28 4 98 S A 658 4 14 1 2 i J A
M.

(2) 1T NEIFAN S8 in 500 (8 £ 22 B VR T 08028 1T AN 1y A AL S a3, NETFAN S0 ik £
TP A3 A T Ak BB R I B B L UE BT Ak BB F R AE AR B N R vT me N LA W O T R AR AR —
SRS IR 5 Sl R B ) AR A3 g 7 W) R A R SO 8 BN B A AR RS A LG R RIS NGRS AN
YERG S T AN 18 53 i SO I 2

ARC M5 5LV A0 1R T 4 A AN BCHA B g o i b ) B A0 R g A8 Ak [ e, v 75 39 44 A0 A
46 B B L TR 2% L RN b BE 445 B e R TR T R ) U] A5 5 ) I AR R A O ) S B L R
X B I AT DL U b 1 A7 Ak 2 3h T 2 AR 205 1T A BIF 5T L 36 T R A A A A8 B AR 7 DA TE
PR e AR A R L

S & Uk :

[1] Oxley ] C, James L S, Rogers E, et al. Ammonium nitrate: thermal stability and explosivity modifiers[J]. Ther-
mochimica Acta, 2002,383:23—45.

[2] Turcotte R, Lightfoot P D, Fouchard R, et al. Thermal hazard assessment of AN and AN-based explosives[]J].
Journal of Hazardous Materials, 2003,A101:1—27.

(3] &A% #5530 , % NH, NO, fl NH, ClO, Y48 J8 A 52 [T, & A, 2001,9(4) 1156 —160.
QIAN Xin-ming, FU Zhi-min, ZHANG Wen-ming, et al. Study on the thermal decomposition of ammonium ni-

trate and ammonium perchlorate by accelerating rate calorimeter[J]. Energetic Material, 2001,9(4) :156—160.

(4] RERLEE XUARSE AT 45 45 U8 IS0 0 il TR o 5 222 A PE R AAR 2 MR s e [T ). AR E 0l . 2003,30(4) - 28 — 32,



238 DS 1 5 et i %25 %

TANG Shuang-ling, LIU Zu-liang, ZHU Guang-jun, et al. Effect of additives on detonation safety and heat stabili-
ty of ammonium nitrate[J]. Journal of Chemical Fertilizer Industry, 2003,30(4) ;28 —32.

(5] EEF 2%, 06, R AN R POk TP Tl ME 25 i £ DR [T, SR A% #1.1997,26(6) : 1—5.
WANG Guo-li, LI Jian-jun, WANG Xu-guang. Study on the thermal safety evaluation of industrial explosive by ac-
celerating rate calorimetry[ J]. Explosive Materials, 1997,26(6):1—5.

[6] Townsend DI, TouJ C. Thermal hazard evaluation by an accelerating rate calorimeter[J]. Thermochimica Acta,
1980,37:1—30.

[7] Mores S, Nolan P F. Development of instrumentation and modeling in accelerating rate calorimetry[R]. London:
Chemical Engineering Research Centre, South Bank University, SE1 OAA, 1996.

[8] Pickard ] M. Utilisation of accelerating rate calorimetry for the characterization of energetic materials at MRC-
Mound[]]. Journal of Hazardous Materials, 1983,7(3):281—292.

[9] National Fire Protection Association. NFPA49 Hazardous chemical data] DB/OL ]. www. fertilizerwords. com,
1994.

[10] Fisher H G, Goetz D D. Determination of self-accelerating decomposition temperatures using the accelerating rate

calorimeter[J]. Journal of Loss Prevention in the Process Industries, 1991,4:305—316.

[11] Wilberforce ] K. The use of the accelerating rate calorimeter to determination the SADT of organic peroxides[] ].

Journal of Thermal Analysis, 1982,25:593—596.

Study on reaction dynamics of non-explosive and irrestorable
fertilizer-grade ammonium nitrate during the thermal decomposition

SHEN Li-jin'? ", WANG Xu-guang’, SONG Jin-quan®
(1. Wanbao Mining Ltd s Beijing 100053, China;
2. Beijing General Research Institute of Mining and Metallurgy ., Beijing 100044, China)

Abstract: The adiabatic decompositions of ammonium nitrate (AN) and non-explosive, irrestorable
fertilizer-grade ammonium nitrate ( NEIFAN) were investigated by accelerating rate calorimeter
(ARC). The experimental data was processed with a dynamic model by means of a computer-control
system. The curves of thermal decomposition temperature and pressure versus time, self-heating rate
and pressure versus temperature, pseudo zero-order rate constant versus temperature and time to
maximum rate versus temperature were obtained. The kinetic parameters such as apparent activation
energy, pre-exponential factor, temperature of no return and self-accelerating decomposition tempera-
ture were calculated. All of the experimental results indicates that NEIFAN has better thermal stabil-
ity and safety, and the diminishment or elimination of NEIFAN explosive characteristic is due to the
improvement on its thermal stability.

Key words: chemical dynamics; thermal decomposition reaction dynamics; accelerating rate calorime-

ter; fertilizer-grade ammonium nitrate; non-explosivity; irrestorability
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