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Table1/Compenent Design of Composite Charges with Different Dry Ice Contents for Air Explosion

Sample Emulsion explosive /% Dry ice /% Charge mass /

g
Ay 100 0 40
A, 100 0 36
A, 100 0 32
As 100 0 28
Ay 100 0 24
As 100 0 20
B, 90 10 40
B, 80 20 40
B; 70 30 40
B, 60 40 40
Bs 50 50 40
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Fig.1 Schematic diagram of charge suspension and sensot arrangement for air blast test.
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Table 2 Component Designéf Composite Charges with Different Dry Ice Contents for Underwater Explosion

Sample Emulsion explosive /% Dryice/ % Charge mass /

g
Co 100 0 30
Cy 100 0 27
G, 100 0 24
GC; 100 0 21
Cs 100 0 18
Cs 100 0 15
D, 90 10 30
D, 80 20 30
Ds 70 30 30
D, 60 40 30
Ds 50 50 30
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Fig.2 Schematic diagram of underwater explosion experimental layout and pressure sensor positions.
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Table 3 Comparison of air blast parameters under different dry ice contents\(with pure emulsion explosive control groups)

Group P,/ KPa Y/ Pa's "/ ms
Ao 61.7091 132740 0.4836
Ay 56.9935 12.4279 0.4678
A, 54.6350 11.3609 0.4535
Az 47.1081 9.9844 0.4498
Ay 45.0552 9.4075 0.4426
As 40.8065 7.1830 0.4350
B, 50.2108 11.6221 0.4535
B, 46.6214 9.3184 0.4425
B; 38.8059 6.3100 0.4350
B, 30:9253 6.0023 0.4268
B;s 22.5241 3.4604 0.4175
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Fig. 3 Pressure-time history curves of air blast for different dry ice contents
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Fig. 4 Pressure-time history curves of underwater explosion for differert\dry ice contents.
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Table 4 Energy output parameters of underwater explosion for each group

Group R/m (151‘;;) E/MJkg) t/(ms) E,/MIkg') E/MJkgh
C 1.0 11.1208 0.8666 72.3119 1.6942 3.0721
0 1.2 8.3146 0.8516 72.3365 1.6959 3.0499
C 1.0 10.3005 0.8380 70.0046 1.7076 3.0400
! 1.2 8.1522 0.8275 69.9312 1.7022 3.0179
C 1.0 10.1650 0.8615 67.1179 1.6928 3.0626
2 1.2 7.8849 0.8354 67.1108 1.6921 3.0204
C 1.0 8.5592 0.8355 64.3902 1.7077 3.0361
3 1.2 6.4705 0.8459 64.4006 1.7015 3.0535
C 1.0 8.1086 0.8505 60.0018 1.6115 2.9638
4 1.2 6.2988 0.8391 59.9687 1.6088 2.9430
C 1.0 8.0542 0.8224 57.5918 1.7097 320173
3 1.2 6.2057 0.8227 57.5911 1.7096 3.0177
D 1.0 9.1167 0.6322 66.1953 1.4433 2.4485
: 1.2 6.5364 0.6268 66.1966 1.4434 2.4400
D 1.0 8.9566 0.5537 63.4368 1.4287 2.3091
2 1.2 6.3663 0.5297 63.4646 14306 2.2728
D 1.0 7.7063 0.5331 59.3425 1.3362 2.1838
3 1.2 5.3662 0.5031 59.3361 1.3358 2.1357
D 1.0 5.9018 0.4687 55.1546 2510 1.9962
4 1.2 4.4721 0.4446 55°0866 1.2465 1.9534
D 1.0 4.4929 0.3536 48.6591 1.0304 1.5926
> 1.2 3.7160 0.3262 48.6572 1.0303 1.5490
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Fig.6 Effect of dry ice addition on specific shock wave energy under the same explosive mass
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Fig.7 Effect of dry ice on specific bubble energy under the same explosive mass
B 7 45 T AMIEZ R E M 00 15 g4 18 gv 21 gv 24 g, 27 gl NAEAMA 5 TUK-IEZ E & 2514
AR 30 g, TUKFRE=30 g-M JEZ)) 1£ 1.0 m A1 1.2 m W S AL R 0RE By XTEE .

AFACLG AR Ey FSEAE 1.60~1.70 MI/kg JEFEIN, BAEEAT 6%, 57K T HBIERNE B 0 BE DU R
THEL E B REIE . AR S PR T R RS A SR B — B, R A SR T I LA AE 25148 15~27 g TR N ERSR
A, RERR - EE R

7E 1.0 m P risl, 27 g HEZGE TN EGAEK E, BALIH NI 15.48%; HNELEREE 15 gif, FFiEY
K2 39.73%. 1.2 m W sisk LI &

ECAGRE T BT PN T TARE . — T3 T, FOKTNMEIRSOR BRI SE P M6 1 I L B 35 BEAIR,
AR T PoBEZ T B, AR IKHES KA A B K BE 085 . 53— T5 T, AR KR SR
i Pt i 2 AT BE SR RTVRAL , TRES AKX AR T B TR T 2, S ECERR 2 5 KA R BE IR n dik
o BEAN, ARIRIE T RENE AR 7> COL LA RRS it i A T P AN STk s 7

XTECE 6 5B 7 AIHn, & LOLFHCIRRERE IR /N Tt rh e e R PR . X = EF PR T UK T4 AR R
B CO XS TR B HIAMERE L. IS Sg TUONE, HE e HEm =44 7.5 L AR R , X
AR SMAAE IR IZIKRBT BUE 1AM f DI BRI S BUR R A L, By BT RRIEEEAN T Eoo

4.0 4.0

i | ) |Non-dry ice group I Non-dry ice group
351 o [ Dry ice group 35 F o Dry ice group
L Cs C 3 % C, L C C 3 C, C,
ol A S I e
- A D D, I D D,
- 25K - 251
2t b, | s E 2t D, —]I)i — K
S0 he S0 Ea
- D, ~ T D
M1s - NS H
1.0 A 1.0 |
0.5 H 0.5 H
0.0 0.0
15 18 21 24 27 15 18 21 24 27
Mass/ g Mass/ g
(a)lm (b)1.2m

P8 AHIAIKE 25 BTN Ukon 5 BURKE RE 52

Fig.8 Effect of dry ice on total specific explosion energy under the same explosive mass
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Fig.9 Variations of specific shock wave energy, bubble energy and total explosion energy with dry ice content
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Effect of Dry Ice Content,0n Energy Release Characteristics of Emulsion Explosives

Underwater and in Air

WANG Junzhe!, WANG Quan!, HUANG Ruiqing?, HUANG Xiaoming?, LI Xuejiao', DU Yanchun?,
LI Ye?, LI Rui!
(1. School of Chemiical and Blasting Engineering, Anhui University of Science and Technology, Huainan 232001,
Anlitii, China; 2. Anhui Conch Group Co., Ltd., Wuhu 241004, Anhui, China)
Abstract: To investigate the feasibility of partially substituting dry ice for emulsion explosive in mine rock
fragmentation, composite charges with dry ice mass fractions ranging from 0% to 50% were prepared. Air blast tests
and underwater explosion energy tests were conducted to systematically examine the effects of dry ice content on the
energy output characteristics of the composite charges. The air blast results indicate that the peak overpressure, positive
pressure duration, and impulse all decrease monotonically with increasing dry ice content. At 50% dry ice content, the
reductions are 63.5%, 13.7%, and 73.9%, respectively. The underwater explosion results show that the specific shock
wave energy, specific bubble energy, and total specific energy decrease with increasing dry ice content, with reductions
of 59.2%, 39.2%, and 48.2% at 50% content. The energy distribution shifts toward bubble energy, with the bubble
energy ratio increasing from 55.1% to 64.7%. The reduction in underwater shock wave energy is significantly greater
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than that in air overpressure, which is attributed to the additional acoustic impedance mismatch dissipation caused by
the CO, gas layer formed by dry ice sublimation in the water medium. The relatively smaller reduction in bubble energy
is mainly due to the compensation effect of CO, gas on bubble pulsation, which favors the gas expansion work required
for rock fragmentation.With comprehensive consideration of energy retention efficiency and economic cost, the
recommended dry ice substitution ratio is 20%—30%, corresponding to a total energy retention of about 70%—80%.
Under these conditions, material costs can be reduced while still satisfying the demands of conventional rock
fragmentation in mining operations, leading to substantial economic benefits.

Keywords: dry ice; emulsion explosive; underwater explosion; synergistic blasting; energy output
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