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

sample D[3,2]/pm size range / pm 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

1%1 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

174 9.656 — — 3.88 14.60 395.90 26.86

Note: 1) D[3,2] is Sauter mean diameter. 2) PDI 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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455 B 6~7 sy Bl 0, 2L AL K T AR E R (0P RE i)
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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 . isthe thermal decomposition onset temperature. T is the peak temperature of the DTG. v is the average rate of mass loss.

B UUVFAHRE R B S °C-min™ WY HE T US4 43 #T o

B — W B 30~114.7 °C, TG M £ 1y 9 Sk &k i
¥ RHEH/NG Y, DTG ik b B T /i, B 5] 6 7]
AN CE TR B R, BT R R R H 11.0% ETHR
14.8% , 73 BTk Ay J2 M 25 07 B85 i A Hh K D AR AR
S B LR K T BOR NG B B, R AE
P E T B M L R R R T K A RS B0
PSS

9B B2 114.7~159.8 °C, TG DTG i £ &y
WL T e A I R R, R 7 Rl s
M R B R, % B B RE g i A 363 s TR
541 s, 1% By B i JE A AR B ] T K

BB 159.8~269.3 °C, TG &£ am F
R, DTG i £k th 30— A 2B R, H 181 6~7 7T AT, DA
BB R TR AR A R 75%~83% , Wi BIE K,
TG il £ 44 1 i X #% , DTG il 48 1 i 22 06 3 31 1Y
I ] ORI /N o BE G OF 174 76 4 FF B F Y DTG fY
W CT,) FES = B B A AR o0 fff A W B2 ( T,,00) T 9
KPR (V) WL 2, R 208, T, T, VK BT+
T, B R AR AR T8 EA 400Nk B 5 R
TR AT FLAT A, T RE R ZE & £ i B K R4 i /b
4 AN FB A (110 CHE AN 2 fife 2 W 38R B ) 9 25 6
TER TN BT, o T, LT BT H Y AN A 32 8050 i 23
PR RS AR L SR W 7 2 B B R
BT 43 A BN G T A kAR AR v T
2.6 RREFEWKEITE

oA 1 — 25 B R A FH S 3 T 0 R e L FE «
B 20%~90% Y6 [ N, 245 & TG-DTG /Y 5% 59 £ 4 >k
FH Kissinger 32 il Ozawa 3£ W F 7 ik 2 T8 T
B R SO AR BE
2.6.1 Kissinger iz Kk E ik

K H Kissinger 15 5515 5 & T 56 5 #4040 i % 1k BB
7798.6 kJ-mol™ , ZE A OCE 7 0.97188; i [ T i fk
fEN 69.7 kJ-mol™, L M HH C 8 4 0.98152, = JE 4L
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R AL BEFEAE T 28.9 kJ-mol ™, B IE 5 29.3% , it 1]
o T 5 T A3 iR S I TS oy R

SEL TR 4 Hp T T 3 5T 174 R N A 6 s A B R Y 4%
ST AL R AR 3 O AR KRR T R A il S
JI it 0 IS AL RE L 1% AT G Sk [ 28 ] ok AR 3 R b
REREARAY LA, 25T LR b, v LI E5 8 . S R R
(LT T, A T T AT e T 5 228 R 2 1 e
K S, AR o B 20%~90% i, 5 Jf K 43 ik, 78 TR
FIEARRE TR BT T B R T AR AR i
N B 5 gy R RO BRI E ek s T3 I AR E
2.6.2 OzawaZ®HWLF%

Ozawa 55 6 fk 28 35 R FH AH [ 5% Ak 52 %68 7 A [\ T+
ek % 1 U AR SRR AR L B R

lgB = lg( AL )—2315—04567i (6)
P8 RG) T TPIRT
a=100 - «a, (7)

o, Gla) U ML BRI 5 o Ry 7 Ak %6tk T o 4
JH %o 5o, K LI ZAE TR 0 0T B A 38R, % s A R A
BT, s7"5 B #0040 fifk S I 3% AL AE L k) - mol ™'

B (7) iR R, 456 X (6)EIgg 510Y/T
P, LA o B 0.20 B di ] ff 2 DU g ok 4005 B R 1,
TG E5 5 M a4 0.20 [ 4 Ff g5t 17 1 8 BE 47 1 8 FE
14 {5 B0 3fe LA — T S 8 Ak A (3 4 AR AR A1) L T H 1B
A YA bR, B TF] B N A AR A G A — AR S
A HEL A, T« B0.20 B A LA LR, [ 3 AT 15 o L
0.25,0.30,---,0.90 L& ELZk, W& 8 i 7R .

WA a B 20%~90% I} 1g8-10°/ T B 4 1 AH R
(P 8) 13T A % B I 4 fiff 6 AL BE L JF 45 10 T L5 AH
QB AR UL FR 3. R AN [ i Ak S R X R 9 0 Ak g
22l T Eadr &t F Rl aniEl 9 s o

K8 B RE i 0F L 1%-4 7F o BL 20%~90% I}, 47 11
LA B B LA s R B RR, 3R 3 T R A G
ROFH 22, Jo 400G B4 Dt 25 4006 AR B3 /DN | A G B2 AR
1R, BE RO TR S M A O BE AT 5 B 2% 3 1T I Ozawa ik
At
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AR IR &R T MPa TR B9 F 53 16 BE 4 0l
108.49,84.74 kJ-mol™, 5 Kissinger % 11 % 1) 98.6,

g8
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Fig.8 1gB-(1000/T) plots of samples 0" and 1%-4

g

3 OzawaikPiiS# Ik i KT A A e b 3 A9 1 L BE
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™ H Eb , 1 1k fE E(E A 7 R [R) H AR £k 3
— 2, R TR TR 1 MPa 5 5 kAR O RN Y TR
L RE Y KR T R o BbAh, i 1B 9 Wl 0 7E 8 R R R
1 MPa'F, 1 Ozawa i 115 09 1% AL g Bl o 35 K 19 22 1k
UEEATR] 8 T 56 0T 43 fifk (4 00 Ak e Bl % TR 3 K
SIS BE A, J5 TR E 5 TR R BT 40 A 1 3 Ak
[ RS NS DO B C: W NP N =) < I o Sy =R (EX =
JE 1 MPa TR J 1Y 3% 1k BB (B IR T3 &, 2 & R
T S T A SN AN G R VR RN o

120
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Fig.9 E-a trend chart under atmospheric and high pressures

obtained by Ozawa method
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AR AR B2 G A Coats-Redfern 32: 0 % Fi Y 48 Fl #L 38
PRRCCY L SRR B A B HE SR WL OHE PR BX G (a) o
Coats-Redfern J5 72 Fll Satava J7 #2243 Il Ay

Gla) AR E

S =) - (8)

AE
)= I
8 8R

E
lg [G(a )—2.315—0.4567ﬁ (9)
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HE =R Ay 5O 11 5 ABE SR WL o B0, B Satava ik 3
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T A2 B AL B eR B B MR AR PL B R B . AE o L
20%~90% I, H (0%) i85 He (17~4") B 57 4 J3 fige S2 1if
[ e MR SR 2 ) A LB pR B UL 4
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Table 4 The most probable kinetic mechanism function of

samples 0" and 1"-4

serial function . .
sample reaction mechanism  G(a)
number name
2D diffusion
o* 2 valensi o at(T-a)In(1-a)
cylindrical symmetry
1*-4 8 anti-Jander 3D diffusion [(1+a)'3-17?

PRy Z 4E B0 A T 0BRSS A 5 e e A BT 3 i R I S
Jander J7 &, I N AL = 4E Y BB AL . 7E o HX
20%~90% 1 Fil P9, MR 416 22 4 1 52 14 5 4K 2% HIL 2 v 250
XFRE dh 0", 174 AE 4 BF TR B R R 2 A
Coats-Redfern ¥ | Satava % 5 i #4305 1122 S8
W5 R A5 o KR FHRE R T, A 5 kit &
F T AL RE B A — 350, U5 i AH G BE AT

%5 Coats-Redfern and Satava J7 % BT 15 A [F] JF R R T B9 80 J1 2% B 50

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

E/k)-mol™ IgA /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
14 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 — —

FIHAE A 0" 1 ~4"FE AN [R] B TH5 19 EFT A 1Y
(B 25 H 565 = 201 B BE 1) 4 i B 174 3 38y i 120
% = (%)exp(—%)f(a)
K, da/d TR 7R % A0 50 1 AR 46 R 5 (o) J2& HLFH bR
B B, AT A 48 FhALBE ek B RS

t a0 (10) 456 % 5 804 (EM33(E AR 31E DL &
(o)) AT LAY 5045 2R 0% 174 114 43 fift B N ok R 7

(10)

L=t (11).(12),
10.21 -1.3133 x 10°
%: L Y T P (11)
6.21 2 1 -9.8136 x 10’
g%=1% (1+a)P[(1+a)?-1"e 7 (12)
3 #it

(D& ET BT A N AR 25 5 ke R G ik
BT A B I R 0 AR T, YRR TR ) 2R G T
KLAN G IR EZE 2 A O, LR & 0 3 — P i
B TR MK ST E Y T R

(2) N R 31 5 1, Kissinger 36 il Ozawa 75115
B WG 4k B8 4r 9l A 98.6, 69.7 kJ-mol™ F1 108.49,
84.74 k)-mol™, 43 BIFEAL 29.3% .28.0%, & JE T #4443
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il I ST iy e IR E PRI o

(3) M He 3 e e, BE 5T 4 A i AL B P — 4R 1
1Y Valensi J7 #2722 Jy = 4E 9" B )2 Jander J7 12, HA4
fiff S N7 B 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 s 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 wm to 4.474 pm, 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

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