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Table 1 Relevant parameters of particle size distribution for samples 0"~1"-4

sample D[3,2]/pm size range / um PDI d(0.1) d(0.5) d(0.9) span
o* 3.717 1.096~17.378 4.380 2.20 4.15 7.92 1.38
171 4.329 1.259~45.709 10.268 2.36 4.88 13.05 2.19
1.2 4.474 1.259~60.256 13.187 2.38 5.07 15.51 2.59
1%-3 5.705 — — 2.90 6.32 59.36 8.94
1%-4 9.656 — — 3.88 14.60 395.90 26.86

Note: 1) D[3,2]is Sauter mean diameter. 2) PD/ stands for polydispersity index. 3) d(p) means that 100p% of all particles are smaller than the size of d(p) .

where 0<p<1. 4) span is the span of particle size.
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Table 2 Thermal decomposition parameters for the third stage

} T ! C T,/°C v/10°%%: s
B/°C-min”"
sample 0* sample 1%-4 sample 0* sample 1%-4 sample 0" sample 1%-4
5 143.7 159.8 244 .4 255.5 59.1 59.4
10 150.4 178.7 263.2 281.3 112.3 112.7
15 159.5 192.9 268.0 291.3 1711 173.4
20 175.9 204.7 274.7 299.0 238.9 244.8

Note: T is the thermal decomposition onset temperature. T is the peak temperature of the DTG. v is the average rate of mass loss.

B UUVFHRE R B S °C-min™ MR T HUR 61] 43 #T o

B — W BE R 30~114.7 °C, TG M £ Hy 30 3k 28 1=
¥ RHFE/NA Y, DTG i b LA FE /N, 151 6 7]
AN R TR B R, BT R R R 11.0% B TH R
14.8% , 43 BT 1A Ry J2 Mo 25 30 B3 F o AH TR K D iR R
FE SE R LR K BUR AN G B B, R AE
P E T B M FL R R R T K A RS B0
RBHK

W B 114.7~159.8 °C, TG . DTG i £k &
WL T e A I R R R 7 T
M R B R % By B RE 2R i A 363 s TR
5471 s, B B i SR B K

B 159.8~269.3 °C, TG ik E v am
R, DTG i £k i 30— 2B K%, i 18] 6~7 AT AT, A
OB R, R R A R 75%~83% , Wi BIE K,
TG il £k ¥ 1 = R XS B8, DTG 28 1 B 4 0 ) B
I E] AR U B/ o BE SR OF 14 7E 4 Fh B F 1Y DTG Ry il
W CT,) FES = B B A AR o0 fff A W B2 (T,,.00) 0 2 4
ROFH A (VWK 2, R 20, T, T, VB BT i
i Tt R G AR T8 AL, Mol FE s TR
T RAEMFLT &, AT REJE 28 R £t By B K R4 il b
4> AN FB A (110 CHE AN 2 fife J2 W 38R B ) B 25 6
TER TN BT, o T, LT BT AN A 32 28053 i 23
AR RS BT AE L SR W 7 2 B B R R
b7 43 A BN I T A AR AR v T
2.6 RREFEWKEITE

by ilt— 5 B AR SR SRRE T L TE
B 20%~90% Y7 [ P, 245 & TG-DTG 1 5% 59 F 4l >k
JH Kissinger 2 Fll Ozawa ¥&"* 1 Fh J7 ¥ 23 53+ T
WO R R RO TS L RE
2.6.1 Kissinger iz Kk E ik

K Kissinger v5 5045 % T 3% 5 34 4 it 0 1k fig
998.6 kJ-mol™, Lk PEAHIC B2 0.97188; 5 JE T i1k
fiE 4 69.7 kJ-mol™, Z& M AH G o 0.98152, &[R4
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R AL BEFEME T 28.9 kJ-mol ™, & IE 5 29.3% , it 1]
o T 3 T A3 iR S I TS B R

SEO TR 4 v T 5 R 1%-4 Y PN AR I k7 A 4 K A 45
ST R AR R TR AR K R AR T R A S i SN
JT T 05 A RE 2% 8 AT G SRR 28 ] R AR 3 KT Ak
REREARA LA, 2T LR b, v LIRSS R S R R
Y BE BT T, A1 T, T i T BE A T 75 228 K T 2 Y Ui 15
K FEH, M AE a B 20%~90% B, e Ji Ko, 55 1K
TG ARRE TR BT T R R T (A AR i
N B 5 gy A RO BRI E ek s T3 I AR E
2.6.2 OzawaZHLE*%

Ozawa 55 1 Ak 238 35 R FH AH [ % 4k 52 X I A [\ T+
Tk % 1 U B AR T R AR L B R
lgB = lIg( )= 2.315 - 0.4567 = (6)

RG (a) RT
a =100 - «, (7)
K, Gla) B ML SR o Ry e AL % R 5T 5 43
JH Yo 50, K LT ZAE i 3R 0 0T B A A3 B, % s A R A
B, 8715 E A0 i S 1 AR fE L k) - mol ™'

2 (7)) R R, 4545 X (6)fE 1g8 5 10°/T
K, LA oc B 0.20 B Jin ] B 2 DY g ok 4005 B R 1,
TG H95 5 M a4 0.20 5 4 Ff g5t 17 19 318 BE 5 1 18 B
AR K0T LA — T 1B R A A (3 4 SR AR AR ) L T (g8
H A YA bR, AR [R] B 4 K A A B 2H A FE — B AE 4
AHEL N, o BL0.20 B YL A H L, IR B ] 15 o B
0.25,0.30,---,0.90 WYL & ELZE, & 8 T 7R .

WA o B 20%~90% I} 1g8-10°/ T4 B 4k 1 #H R
(L 8) T3 T A % R 1 4 ff 76 AL BE L JF 45 1 T L5 AH
QB AR UL F 3. R AN [ i Ak S R X R 9 0 Ak g
a7 Eadr & Rl Qs 9 iR o

K8 I RE i 0F 174 1 a B 20%~90% i, %1 1]
LA B B LA s R B RER, 3R 3 T R A G
ROFH 22, J5 W4 G B 2k s 25 400G m AR 2 /N, M G B2 AR
1R, BE RO B SR M A O BE AT 5 i 26 3 1T 1 Ozawa ik
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R 2, B, B A AR R R A

TR R 1 MPa R P B0 AR BE 4 i ol
108.49, 84.74 kJ-mol™', 5 Kissinger i i % 1 98.6,

lgB
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Fig.8 g pB-(1000/T) plots of samples 0" and 17-4

g

£33 OzawaikBrid Tk & JE T A A 6 AL 3 9 15 1L e

Table 3 Activation energy with different conversion rates un-
der atmospheric and high pressures obtained by the Ozawa
method

o/ % 0.1 MPa ’ 1 MPa ’
E/k)-mol™ R’ E/k)-mol™ R’
20 111.28 0.9159 68.45 0.9426
25 112.70 0.9453 74.52 0.9722
30 113.38 0.9681 78.75 0.9753
35 112.03 0.9765 82.85 0.9812
40 110.83 0.9833 85.33 0.9856
45 108.03 0.9843 87.61 0.9875
50 106.04 0.9865 88.74 0.9886
55 106.17 0.9923 89.05 0.9911
60 107.18 0.9963 88.73 0.9925
65 107.18 0.9976 88.18 0.9921
70 108.32 0.9980 88.02 0.9927
75 107.06 0.9981 87.49 0.9931
80 106.65 0.9980 87.80 0.9930
85 105.70 0.9978 88.12 0.9937
90 104.73 0.9961 87.43 0.9937
average 108.49 — 84.74 —
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69.7 kJ-mol™ A1 Lt , 1% 1k BE K AH A B A [ EL 22 A 4
— 3, iR R B0 R TR 1 MPa 3k 5 A 30 ik N T
PLBE 3 R N B o kAN, by 18T 9 AT AE R R
1 MPa ', 1 Ozawa & 15 BTG AL FE BE o 39 R A2 fk
USR] o BT 25 5T 70 M 14 175 AL BE BB 5% fL 3 0 R e
I B/ LA e B T RS 5 TR T R S 20 i 1) I AL
RE Bl fh A< 0 R e B U B BT, 5 TR E L (H
F& 1 MPa T R Ja A3 AL RE (B AR T % 15, R R
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Fig.9 E-a trend chart under atmospheric and high pressures

obtained by Ozawa method

27 BAFEWMANNIE REFER RSB REEE
iz
W THE H R EL5,10,15,20 °C-min iR 19 5%
Ak 2 N B2 AR Coats-Redfern 31004 FH (1 48 Fh #L ¥
oRELCT SR B R e HE SR LB PR BX G (a) o
Coats-Redfern 75 T2 il Satava J5 #2243 51 H
Gla) AR E

In ( - )=In(E)—ﬁ (8)
AE E
lg [G(a)] = |g(ﬁ—R) 2315 - 0.4567 - (9)

X 1 a2 09 T T R ORD A A LB R, AR 4 X
(8) 4G 1y FLZe Rt 3 A AR Y 1Y 1% AL g E, 45 & Oza-
wa kit ARG fLEe E,, #5121 (E-E)/E,1<0.1, HAEA
(i) 3k 3 2% Hs) 8 A R [R) A AL B e B8, ) S T B R R
ML 25 A 7 1 e M SR AL B bR %50 B Satava 31T
UL ALEE RN B E(E L AR EASE T E, A %
A S 1 AL B oR 50K S K AR P B R AT . FE o L
20%~90% B, F (0%) & He (17-4) F 57 #4 43 fi 2
1) e ME SR 20 J7 2 BB pR R UL 3R 4.

AT A AT, R AR v R AR o0 i i AL 2R
PRESCER 2 5 R AR S 8 55 pRIER, A T Y 48 Fh AL 2 pR
BRI H R L T 43 2 AR Valensi J7 B2 B A HL
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R4 FEELO" 174 (I MR AR B ) 2 HLBE e B
Table 4 The most probable kinetic mechanism function of

samples 1 and 2

serial function . .
sample reaction mechanism  G(a)
number name
2D diffusion
o* 2 valensi o at(1-a)In(1-a)
cylindrical symmetry
1%.4 8 anti-Jander 3D diffusion [(1+a)'3-17?

PRy Z 4 B0 A T 0 PR AY 5 i e i B 3 i R I S
Jander 7 &, N AL = 4E Y BB R . 7E o HX
20%~90% 1 [l P, MR 418 25 4 1 52 1Y) 0 K 4% L 22 vk 40
X RE dh 0%, 174 AE 4 FF T B R R 2 o R
Coats-Redfern % | Satava 3% 8 i #4356 11 % 25K
5 s 5 o KA R FHRE R T, A 7 kit &
BT A RE B A — 350, LG A AH G BE AT

%5 Coats-Redfern and Satava J7 % BT 15 A 7] FF R R T B 8 J1 % B 50

Table 5 Kinetic parameters obtained by the methods of the Coats-Redfern and Satava at different heating rates

E/k)-mol™ lgA/s™ R?
sample B/°C-min™' fla)No. ~ — —
Coats-Redfern  Satava Coats-Redfern  Satava Coats-Redfern  Satava
5 2 111.4 113.8 10.20 10.51 0.9727 0.9759
. 10 2 115.9 118.3 10.62 10.92 0.9818 0.9839
0 15 2 102.4 105.5 9.27 9.69 0.9767 0.9797
20 2 107.1 110.1 9.71 10.10 0.9698 0.9736
average — — 109.2 111.9 10.21 10.31 — —
5 8 75.3 78.7 5.22 5.88 0.9779 0.9815
" 10 8 85.3 89.5 6.22 6.80 0.9818 0.9846
15 8 80.0 84.5 5.73 6.37 0.9642 0.9701
20 8 85.7 90.0 6.29 6.90 0.9934 0.9943
average — — 81.6 85.7 6.03 6.49 — —

FFHEE & 0F 174 8 A TRl B8 (09 EFT A () ¥4
5 W5 = 0 1 B B 1 0 i 2 0 1) TRy R
% =(g)exp(—%)f(a)
K, da/d TR AL SR B AR bR 5 (o) JEHLEHE PR
B A TR 2K, T A 48 FhL I bR BT 4R1S

it (10) 454 3% 5 80 (ER 4 (E A R {E L K%
fCa) ) AT LA 43 5 45 20 FE 5L OF L 17-4 19 43 i I N T 3R O

(10)

L an=t(11).(12),
10.21 -1.3133 x 10°
%= L A Y T P (11)
6.21 2 1 -9.8136 x 10’
%= ”;3 1 +a)ll+a)? -1 7  (12)
3 #it

(DREET BT A N AR 45 5 ke R G
FLHT B T A R, oA A R ) 3R
K, AN fb B82S 2y B i 0 R AR FR Y 1 —
B TR MUK SR EVE T R

(2) % HE 8 8 1, Kissinger i Al Ozawa 35 118
B WG 4k B8 4> 9l A 98.6, 69.7 kJ-mol™ F1 108.49,
84.74 k)-mol™, 43 I FEAIL 29.3% .28.0%, i JE T #45
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il I 45 iy e IR E PRI o

(3) I He 3 v e, 56 5T 4 A i LB P — 4R 1
1 Valensi J7 #2722 Jy = 44" B )2 Jander J5 &, H oy
fiff S N7 1) TRy B R AR T AR AR
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Effect of Confined Environment Pressure on the Microstructure and Thermal Stability of On-site Mixed
Emulsion Explosives

PAN Chang-xin, LIU Feng, Bl Ru-jie, DAl Wei, ZHU Zheng-de, CHENG Yu-hang
(School of Chemical Engineering , Anhui University of Science and Technology, Huainan 232001, China)

Abstract: In order to study the effect of high pressure from screw pumping and medium deep hole charging on the microstructure
and thermal stability of the on-site mixed emulsion explosive matrix, the microstructure, particle size distribution, crystallization
content, thermal decomposition process, thermal decomposition reaction activation energy, thermal decomposition mechanism
function and rate equation of the matrix under atmospheric and high pressures were studied by optical microscope, laser particle
size analyzer, water solubility experiment, thermogravimetry and derivative thermogravimetry (TG-DTG) couple method, Kiss-
inger method and Ozawa method, Coats-Redfern method and Satava method. The results show that from atmospheric pressure
to high pressure, polymerization, demulsification and crystallization of the intra-matrix phase droplets appeared, the particle
size increased from 3.717 pm to 4.474 wm, the precipitation amount of ammonium nitrate crystals increased from 0.0530 g to
0.0640 g, and the uniformity of the emulsion system was weakened. The average thermal decomposition onset temperature of
the matrix T,

onset

creased from 262.6 °C to 281.8 °C, the average mass loss rate increased from 0.1454 %<5 to 0.1476 %-s ', and the reaction ac-

increased from 157.4 °C to 184.0 °C, the average first-order derivative thermogravimetric peak temperature T, in-

tivation energy decreased from 108.49 kJ-mol™ to 84.74 kJ-mol™'. The free water released by evaporative demulsification under

high pressure might cause the rise of T, and T,, and the thermal decomposition reaction was more likely to occur. The activa-

nset
tion energy calculated by the Ozawa method had a different trend with the increase of conversion rate, and the thermal decom-
position reaction mechanism function changed from Valensi equation to inverse Jinder equation and the rate equation also
changed. The high pressure promotes the process of droplet polymerization, demulsification and crystallization of the
intra-matrix phase, reduces the activation energy of the thermal decomposition reaction, and weakens the homogeneity and ther-
mal stability of the system.

Key words: high-pressure effect; on-site mixed assembly; emulsified matrix; microstructure ;thermal decomposition kinetics
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The macroscopic properties of emulsion explosives were analyzed in relation to the changes in microstructure, and the reasons

for the changes in matrix properties caused by pressure were analyzed. It is proposed that in the formulation design of medium

deep hole charges, it is necessary to pay attention to the performance of the surface matrix after pressurization. The thermal

hazard in the surface matrix under high pressure was evaluated by comparing with the normal pressure matrix.
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