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Fig.1 Equipment drawing of underwater explosion
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Fig.2 Pressure-time curves of four different emulsion explosives

F1 KTHRIERRSH

Table 1 Energy parameters of the underwater explosion
L E E
serial number P b 0 I s b
/MPa  /ms /s /kPa+s /M) - kg™ /M) - kg™

16.46 43.82 19.70 0.5832 0.5736 1.0189
1* 16.20 42.94 18.74 0.5301 0.5286 0.9588
15.94 45.30 19.58 0.6004 0.5347 1.1258

average values 16.20 44.02 19.34 0.5712 0.5456 1.0345
16.92 48.08 21.06 0.6537 0.6486  1.3459
2* 17.39 46.01 20.83 0.6344 0.6774  1.1795
17.13  46.22 21.12 0.6816 0.6665  1.1957
average values 17.15 46.77 21.00 0.6566 0.6642 1.2404
20.82 49.76 29.22 0.8284 1.3616  1.4921
3* 19.99 50.03 28.87 0.8864 1.2400  1.5165
19.88 49.10 25.46 0.9021 1.0822  1.4335
average values 20.23 49.63 27.85 0.8723 1.2279 1.4807
19.26 48.25 27.78 0.8524 1.1080  1.3603
4* 19.10 49.84 25.32 0.8147 0.9936  1.4993
19.05 49.63 27.60 0.8656 1.0772  1.4804
average values 19.14 49.24 26.90 0.8442 1.0596  1.4467

Note: p, is the shock wave peak pressure, t, is the period of bubble pulsa-
tion, @ is the shock wave attenuation time, [ is the shock wave im-
pulse, E,is the shock wave specific energy, and E, is the bubble specif-

ic energy.
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Table 2 Energy parameters of the underwater explosion of

two different emulsion explosives

sample Pm ! £, Ey

P /MPa /kPa + s /M) - kg™ /M) - kg™
3 20.23 0.8723 1.2279 1.4807
5¢ 18.48 0.8060 0.9731 1.4005
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Fig.3 Pressure-time curves of two different emulsion explosives
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Table 3 Lead cylinder compression value of three samples of

emulsion explosive

sample 1* 3* 5*
brisance/mm 15.3 18.0 16.4
uncompressed
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Fig.4 Experimental pictures of lead cylinder compression

BT 4 RN 3 W] 0, A BR R FERR) 1) 7L A KE 24
HAmgy e T Ezle sy, Bz s asl gy
() Bk KEZY (3") RIS SR FLALKE S (57) 4 IR
AR T 17.6% ,7.2% o L5450 B vl A, 868
FIIA KR e T FLAR KR 25 1 3 1 PE R, HLAE R &82R
FeAR by B . Bk SRR T LA M 2 RS e B
2 5 5 HA& [ Pk IR % 8 AT 4y el R e RL I g
2307 J2 2 1 H A A T4 T ke T B B R R
o VBRI GBI, HERINEW s L2A 2 41
e R

WWW. energetic-materials. org. cn



BROB o LA e 24 S A B A A0 A R M A 5 T

307

FAET2WRA M BREINZH p W2 RA 14
HL - BB PEAN AR o R T 41 4 L - X S R RB I 43 BT
X (SEM-EDS ) 0 45 K 53 #0145 Hy o 19 460 3 & 43 i)
7.72% M N1.34% , &l 5 S5 i B b g el 5 0 1
MBI A . SRR, BRI EL Th A 4 )R
B & s AR R B R T AR R B 22 1 Bl AE Ak, R A K
Ry B i ARG, DT A8 A5 0 b 7 FL Ak 1 24 3 25 Tk e 2
1 R BN an ek A

5 Bk AN GRS Y LB IA

Fig.5 SEM images of titanium powder and aluminum powder
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Fig. 6 Thermal decomposition curves of four samples of

emulsion explosive
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Table 4 Thermodynamic parameters and kinetic parameters

of four samples of emulsion explosive

sample ;rgC Z—:')m ,/_I;W ?AS kg'1 ’/:—akJ - mol™ In(A/s7)
1# 223.86 273.19 107.92 2555.01 211.74 39.50
3* 226.12  266.92 831.41 3210.72 193.48 35.13
5% 220.31  262.65 984.45 3654.45 185.53 33.08
6" 222.08 260.08 1322.66 4196.99 159.31 26.98

Note: T, is the temperature of initial decomposition, T, is the peak tempera-
ture, H,, is the maximum heat flow, AH is the heat output, E, is the

apparent activation energy, A is the pre-exponential factor.
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Influence of Titanium Powder on Detonation Performances and Thermal Decomposition Characteristics of

Emulsion Explosive

GONG Yue', HE Jie’, WANG Xu-guang’, YAN Shi-long’, CHENG Yang-fan®

(1. School of Civil Engineering , Anhui University of Science and Technology, Huainan 232001, China; 2. School of Chemical Engineering , Anhui University of
Science and Technology, Huainan 232001, China; 3. Beijing General Research Institute of Mining and Metallurgy, Beijing 100044, China)

Abstract: By underwater explosion and brisance experiments, the effects of titanium powder with different content on the detona-
tion properties of emulsion explosive were tested and compared with aluminized emulsion explosive. The kinetic parameters of
thermal decomposition were calculated using thermal analysis data measured by the C80 calorimeter. Results show that compared
with emulsion explosive without additive, the explosion impulse, shock wave energy and bubble energy of emulsion explosives
with 5% titanium powder are increased 14.95% ,21.74% and 19.90% . With increasing titanium powder, shock wave parame-
ters increase first and then decrease, it reaches maximum when the mass fraction of titanium powder is 10% , and its brisance is in-
creased 17.65% , which means that titanium powder have remarkable impact on the detonation capability of emulsion explosive.
The influence of titanium powder on thermal stability of emulsion explosive is least than aluminum powder and boron powder,
whose apparent activation energy is 193.48 k] - mol .

Key words: emulsion explosive; titanium powder; detonation performances; thermal decomposition
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