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Effect of Oil Phase Materials on the Non-Isothermal Thermal Decomposition Characteristics of Field-Mixed
Emulsion Explosive Matrix
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( 1. Anhui Jiangnan Chemical Industry Co. Ltd., Hefei, 230088; 2. School of Chemical Engineering, Anhui University of
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Abstract: In order to study the effect of oil phase materials on the thermal stability of field-mixed emulsion explosive
matrices, experiments and calculations were conducted on the microstructure, thermal decomposition process, thermal decomposi-
tion kinetic parameters, and thermal decomposition mechanism functions of six emulsion matrix samples with different oil phase
ratios. The results show that variations in the continuous phase oil film of the emulsion matrix and differences in droplet size
distribution of dispersed phase are attributed to the different of oil phase ratios. The thermal stability of the samples increases with
the increase of mass fraction (w,) of the engine oil in oil phase for 0<<®,<:0.62, and correspondingly, the droplet size distribution
of dispersed phase plays a dominant role. Instead, the thermal stability of the samples decreases with the increase of w, in the
range of 0.62<w, =<1, as the continuous phase oil film plays the dominant role. Sample D, prepared from 2.5% diesel and 3%
engine oil, exhibites the best thermal stability, as well as the highest apparent activation energy, reaction onset temperature, and
DTG peak temperature. For samples A, B, C, and D, the thermal decomposition process follows the Mampel Power law with an
index of 3/2 in the range of 0<<®w,<<0.62. For samples E and F, the thermal decomposition process follows the first-order
single-line Mample law in the range of 0.62<<w, =<1, indicating a mechanism of random nucleation and subsequent growth.
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Tab.l1 Formulation of field-mixed emulsion explosive matrix
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Tab.2 Viscosity of the mixed oil phase
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Fig.1 The microstructure of samples
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Tab.3 Particle size test results of samples

M D[3,2)/um REAR ST um Z/um PDI
A 13.845 5012 ~91.201 86.189 6.225
B 10.569 4365 ~69.433 65.068 6.156
c 7437 2.884 ~45.709 42.825 5758
D 5.460 1.905 ~ 19.953 18.048 3.305
E 3313 1.445 ~10.000 8.555 2582
F 2.785 1.259 ~7.586 6.327 2272
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Fig.2 Particle size distribution of samples
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Fig.3 Average particle size of dispersed phase is comparable

to that of engine oil
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Tab.4 Initial decomposition temperature 7, and DTG peak
temperature 7, of samples

. A/(K-min™)
Fedh 5 10 15 20
LD 199.2 248.1 2503 255.1
T, 2587 2739 2843 289.6
s B 206.7 2535 2529 2623
7, 260.7 2756 283.6 2905
o D 2108 2544 257.0 266.4
T, 266.9 2795 2872 296.5
5 B 2152 257.1 266.8 270.5
T, 2724 2865 2922 300.4
g D 2135 2554 2603 267.1
T, 270.6 2848 290.6 299.6
D 2032 2527 2509 2614
7, 259.8 2740 284.6 289.7
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Tab.5 Parameters obtained by Ozawa method, Starink
method and Kissinger method

v Ozawa Starink Kissinger
M N6k R AvGk R ki R

A -12.08 0.984 -11.70 0983  -12.11  0.996
B -12.78 0.985 -12.39 0983  -1275  0.999
C -13.34 0.988 -13.11 0.987 -13.68 0979
D -14.60 0.992 -14.32 0.992 -14.63 0.986
E -14.25 0.987 -13.96 0987  -14.14 0981
F -12.28 0.993 -11.89 0.993 -12.51 0.988
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Tab.6 Thermal decomposition kinetic parameters of samples

b
174 176 178 180 182 184

P A B C D E F
EJ/(kJ'mol™) 1001 1059 1105 1209 1180 1017
EJ(kJ-mol™) 9.88 1026 1086 1186 1157 9851
EJ(kJ'mol™) 100.7 1060 1138 1216 1176 1040

AVGE/(kJI'mol') 9921 1048 1109 1204 117.1 1014

2 6 n] L, >R Kissinger 7% .Ozawa 72: , Starink
AR A ~ F RER RS (L REFHAE 1k 99.21,
104.8, 1109, 1204, 117.1, 101.4 kJ-mol™. LA
MR TR 8L . RS, RWEILEE E
FPAER, 1REIRRLA hZanE 9 FR .

HAUA RS RANT

GO 1-98.639+422.093¢ 8 0<x<0.62
y=A+B-e " = (9)

~(x-0.62)
=98.639+22.093¢ %% 0.62<x<1

RIRE b B2 303 it S N R e IR A RE 2R TR ) e 156 o
2.4 HEMRITE R E MR AT

M 2.2, 2.3 HEEER, HWEFKAHFE, A ~
F SRR IR To. DTG WEEIRE T, F0W
TEALRE E 40 e K5 8 N s B 1 ATl
6 LI BT i B — 28 AT R AL . 5
ECH . FURIEE—F WO RIZEH), P EcE
AR, B TERETIWERT, SRR
RS . SURAARE D, SUEIAER R H 23
B FECESANMBE SR . PEREAN], 255 211
SEURAS AT, (RIS 235 0m Sy FORE R R 534
Th0Le BRI, AR R R SR e M R INTE
PRI 28 % 2 5T -
2. 4.1 ELEAR M XA S RAS A R

FE SR FLRE LT P AR DR 5 S AN R BT
1) 6%, (EIHAHMEAA LRI R AL, R
—ANEABUGE . FOEEZREAR, AL SRR
PERBAEAEZE S, WHARAPIHEC o ry el 25 Az 21 ]
FRE R PRSP BE

MU LA R A7 ) Ak A A LA 4 R



66 AL I7 A AR B TR FL K 2 5 Bl S A AV R 2 i)

2025 4F55 2 A

P, HHSHARE T A SRR et
THERS RS, L& s AL s PR B
S BB B AR A THIR AR B PR e A S i R B
P IR, HLlhEA R ERISII], e
ZRORARE, ARG, XY INERL
LAy A KR S YT B0 AR AR, AR
S, i PR BIE R, MR I ARENE
PESEIAR PG FE AR LA AR S)
PFrildy, AR LIS R 2, H AL
JRE SRR T, DTG WE(ERREE 7, 20
IGLRE E 9K, RS HRE TR E—E R 2l AR,
2. 4.2 HHARRIBRAEAT A S A AR

MR 2.1 RS AR IEAE R AT, B
BT B, FUBCHE BB AR 2
I RIS — R R . FRFARSCAZPY,
a, _ 2yM

T

a, pRTr (10)

o

K (10) 5 a WERTERTI2AREE T BTG EE 5
o WEEAALERT 2R T BIIIERE; p aniAR
W, geem”; y NWEHIRIR S, Nom''5 M A
TRRYEE /R FiRE, grmol™; R WEESUAHEEG r W
AR, m.

A= (10) AT, [RGB T°F, Ao
Br N, a5 a, AR, RIS R
FSRRERIT i ZI e iR D, FURARA
SR FERGMREE 2 B, SPRRIAERT 7 pm.
PDI KF 5 A, B, C FESLPIREE S8 HH Al AR
I, KOEPER T 578K , BREah BTRH s,
TG MEFEZMBO- AR R TSR, FH5hiis
BN SMTEY— D, E. FFESPIER W/O Rlghy
RN, KRR ED, FERTRIEANE, TG
A B IR AE- G o S HOERIR RS N A e
PUEFT UFURIR RESFR e TE A, AGBIR, H
JNERIATREE . DTG WE(EIRE S5, AL
REm L, MArHUIRARESH FadrAh, Tt
BRI AL, R I FUR IR S R e
PEAE—E R Lo,

g5 b, TEESIEMERE S I LR R AR

In

PR NZER R AL R, B TAAA R ALIH
Frit i BUER, FLB T AR i M e o e s
AR LB 0<0,<0.62 (0<w jun : w
wan<3 : 2) BF, FESL BRI RAR AR T i 2k
AR SR , PEOE PEREAILI & f i 22 MR 5 0.62
Sw,<1 (3:2<wyu : wans1) B, FESZESATIH
FEERA SRR T3 BN REAR A3 AT 50, AR PR AL
T REIG M ML EHR 0.62 (w o @ w s
=3 :2) W}, HIEHES PR E IR B AR E,
2.5 BAOWBMHFERETES S

B 6 FIEESTERE LR 15% ~ 95% A NIRRT A
Coats-Redfern F153=C (11) Wiy 48 FppLEAY it
T E.Ozawa Pl s AT LB A0 BRI TLRE,
filt Ozawa 0] LIKGIS PR OB AT LR PR BURE A 5
SRR A ARIE(E - E)/E | <0.1 HIHLHRRR%L
HRESHEEALRIE 15% ~ 95% T HIFHESRHLER . R
RN I LB R RN 7 B

Gle)|__E1, (4R
ln[ 7’ }-RTH (ﬁ’EJ (11)
RT ADENNFRE

Tab.7 Thermal decomposition kinetic model

FEGL E/(kT'mol™) (E-Ey)/E,| HLEH R G(a)
A 90.1 0.098 #5265 o
B 1072 0.012 95265 o
C 107.7 0.025 95265 o
D 1145 0.053 #5265 o
E 1144 0.031 165 -In(1 - 0)
F 96.6 0.052 %165 “In(1 - o)

H2e 7 AIAL, FEALRAE 15% ~ 95%FBLAst, A
MR LT3 4E 0<w.<0.62 Y A, B, C. DFf
iR S 26 SHIPER%L: Mampel Power
PN CRREGEN, n=3/2); HLRRED4L0.62<0,
<1 FESH B F AUMRISFEAFAEE 16 SHIHLREL
—2% Mample B4 70, FEHLBUAZ MBS A, Bk
BANERL B 1 AL, AL, Fl, ST a——r il
& (n=1, m=1),

3 Zig

(1) JAAAPRIC AR A 2 S B U S
IR, 225 L o BRI R4 23 A A LRk
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A, HediHn . T2 %080, B &
Wz, WAHBREERE R, USO8 N
SYHEEEC PDI /)N

(2) FEHERMARTRIE, AS[RIHARRD Ho LA
JE AR E M pR SR T IR RE RN A3 BIORH VR RAR
HfFphE ., BEEPIHBT R R 2, FURETHR
SE IR S e R A LB TARAERER LI
JHML 0<0,<0.62 B}, FE 5o HBURIRIRRAR
SRR, AR RTINS R 2 TR 0.62
<o.<1 B, FEESARMESEm S R 2EE, B#d
SE RN TR MBS 2 s . 76 6 ZURRShh,
2.5%5E10 . 3% ML A I FLECEETRE S D AR
BIRE Ty, DTG WE(EIRSE T, FTEILAE E fief,
PR E MR

(3) BEALRTE 15% ~ 95%r By, HLIMTi2y
 0<w,<0.62 WABIEFFEL AL B, C. D #41i
HRFFETRECH 3/2 B pR%L Mampel Power 72 0U1;
MBI 0.62<w.<1 FUFURIEFRES E. F 47
G2 Mample F4 0],

P
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