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Fig.1 Thermal insulation colloid charging structure
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Fig.3 Schematic diagram of explosion test device
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Fig.6 Temperature variation of different charge structures in

high-temperature blast holes
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Shock wave pressure histories after different heating

X LAk K 24 1 5 K ) 25 REAE S 80 (o D R g 0
(B RS SR R L b R RE R DA R R BE R R AR R AT
HE— AT

(1) s o Lo b it iC o)

IR R il il L b (O B2 K TR YEE
i A f 2 %o BsF ] ) R, R R 1 115328 R

6.70

i= Ap* (t)dt (1)

o, iy i g v R Pass Ap () W BE B BRI 0 R
Aab KB K o U R T IS RS AR eRB RN 2 5 R
S Z IR B FE2S , ms 0 Sy S U )85, s, 48 TR ) I
18 p, FEIWLE] p, /e BT 75 s IE], 5 8 R 6.
(2) b W RE E S5 L SRE £,
4mR? (67

E=—+— Ap*(t)dt 2
W Cud p*(t) (2)

1 2T A LA KE 25K NI R R S
Table 1

311
E,=(/1+4CT, - 1)’/8C’k,’W (3)
k,=1.135p,, " /p,”" (4)

A, B He b D BE L M) kg WOk S 56 24 A0 Y
& kgsp, KK B kgem™ s C, ol 7E K A
g P, m-sT s E, O LA BE M) kg T RS
I 55 py S O b A O K T Pa
C=-0.3905 Jy 5 5 2% {0 75 (1 A 1 R 4

(3 FEZ K TR AE SRe £

E=K/(uE + E,) (5)

u=1+1.3328x10"p,~6.5775"%Xp,’+1.2594x10"p,,*

(6)

-1, D (7)
pC] 4 po

S, R OK R R R ERE R, M) -kg s R s 4R G
R KR 258 B T2 AR 280, X T BRIE 38 5 3L 1.005p,,
R EE  kgem”s D R KEZ L, mesT;
poH C-) %R J1 ,MPa.

(4) BRI IR F E,,.:
Eoe =(1 = E/JE,) X 100% (8)
Ao, KV AR i /NE S R BRKE B RE & M) kg E,
g KK I B ECRE R, M) kg5 E N A B R R

TG FLACKE 25 25 R SR S 80 R 1 TR, R/

P & 1 AT, 2 Ak 28 0 A 2L AR K 24 T
Pl et g 0 BN RE B 18 B B K I i AR ] 1
S B A RS T R B EE-SN 1Y T R B R Bk
{E % T EE-EP. 23 1 h in#A %% 5 J5 , EE-EP, EE-SN 4%
YERBE R IR T 2.47%,8.45% ; 2833 2 h fin#sk
M. J5 , EE-EP, EE-SN JE Jy W& {8 2 % B % T 6.57%,
12.31% 5 b i 23 S BE IR T 3.20% , 8.58% ; 44 3 43 Jill
FEAR T 8.71%, 18.25% 5 1k X &L BE 5 451 25 R 4 31

Detonation parameters of two sensitized emulsion explosives heated in water bath

explosives t/h p,,/ MPa D/m-s™! 1/Pa-s E /MJ-kg™ E, / M)-kg™ E/MJ-kg™ Eoo! %

0 15.23+£0.57 3469+46 970+7 0.709+0.017 2.262+0.042 3.237+0.013 0.00
EE-EP 1 14.89+0.37 3324+x42 957+9 0.683+0.015 2.223+0.005 3.157+0.026 2.47

2 14.23+£0.31 3167+38 939+10 0.663+0.025 2.189+0.009 3.083+0.002 4.76

0 15.51+£0.11 4706+55 944+17 0.703+0.013 2.238+0.014 3.348+0.035 0.00
EE-SN 1 14.40+0.24 4257+91 912+2 0.639+0.028 2.101+0.068 3.065+0.025 8.45

2 13.60+0.29 3847+74 863+14 0.595+0.024 1.979+0.082 2.758+0.114 17.62

Note: tis heating time in hot water bath; p,_is pressure peak of shock wave; D is detonation velocity; /is specific impulse; E_is specific shock energy; E is specif-

ic bubble energy; E is specific total energy; E__ is loss of specific total energy.

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK 2023 % F 314 %348 (306-315)



312

G HBRR IR

4.76% ,17.62% . 5 T FLALKE 24 45 T AR 55 S 800 T B
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Fig.8 Explosion pressure curves at different distances from the explosion center for three colloidal proportions
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Table 2 Peak shock wave pressures at four distances from the explosion center for three colloidal media

R/cm p, of 1"/ MPa p,, of 2*/ MPa p,, of 3'/ MPa

P, calculation by Henrich'*// MPa

p,... calculation by Cole'**'/ MPa

4 112.24 91.03+1.13 101.72

7 75.39%3.58 51.99+0.26 66.43+3.29
10 55.94+4.23 38.53+0.68 47.67+6.52
13 40.15+3.44 30.92+1.46 35.34+1.31

177.84 165.35
82.39 87.86
52.08 58.71
37.7 43.65

Note: data in table are the average of two experiments, but only one valid data was collected from 1* and 3” at the distance of 4 cm; R is distance from the explo-
[29]

sion center; p_ is peak of shock wave pressure, p_  is calculation by Henrich[2®/, P is calculation by Cole

200
v = exp. of sample 1*
. o exp. of sample 2°
150+ a exp. of sample 3*
© v Calculation by Henrich
% 100 4 # Calculation by Cole
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Fig.9 Comparison between measured and calculated explo-
sion pressures at different distances from the explosion center

for three colloidal media
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c. explosive operation d. blasting effect
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Fig. 10  Field explosion experiment for functional charge
structure

S5 R FRIT, Fe AA B P B 25 25 44 AT SE B 30 mm B4R L
TR AL N R A , HUR B O BT

(2) B 45 7K ¥ B e 8] 7 389 o, 2L Ak K 245 25 4 1
25 WU 5 2 RO F SRR, I v ST R A B Ak 25 A 1Y
KRR RE S ol L 451 = T I IR B2 R Uk 2 . K
(100 °C)1 hJE , W AH IR B4 I ik 22 Bk i fe i L4k
240 KR RBP4 0N 2.47 %, 8.45% ; i #A 2 h
J& , WAS TR BN MK 2 Bk SOk i FL AL 25 G AR AR B RE it
BN 4.76%,17.62% . BEIKE Bk A ik 25 0 i

(3) e A A J5T 305 37 H% T S 0 3 W, e A4 JRE A/ s
23U KA BT =M =2 ] I BB A A B R 22001, i D
TE =M 2 B H EAEAE 2 IR B A R 5 E G, i R
5 U o

S 3Tk :
[1] STRACHER G B, TAYLOR T P. Coal fires burning out of con-

N XK 2023 % F 314 %348 (306-315)



314

G HBRR IR

[5]

[8]

[9]

[14]

trol around the world: thermodynamic recipe for environmen-
tal catastrophe [J].
2004, 59(1): 7-17.
SONG Z, KUENZER C, Zhu H, et al. Analysis of coal fire dy-

namics in the wuda syncline impacted by fire-fighting activi-

International Journal of Coal Geology,

ties based on in-situ observations and landsat-8 remote sensing
data [J]. International Journal of Coal Geology, 2015, 141:
91-102.

YANG F, QIU D. Exploring coal spontaneous combustion by
bibliometric analysis[)]. Process Safety and Environmental Pro-
tection, 2019, 132: 1-10.

HUO H, NI Z, GAO C, et al. A study of coal fire propagation
with remotely sensed thermal infrared data[J]. Remote Sens-
ing, 2015, 7(3): 3088-3113.

LU X, WANG D, QIN B, et al. Novel approach for extinguish-
ing large-scale coal fires using gas-liquid foams in open pit
mines [J]. Environmental Science and Pollution Research,
2015, 22(23): 18363-18371.

SHAO Z, WANG D, WANG Y, et al. Controlling coal fires us-
ing the three-phase foam and water mist techniques in the anji-
aling open pit mine[)]. China Natural Hazards, 2015, 75(2):
1833-1852.

ZHANG J, WAGNER W, PRAKASH A, et al. Detecting coal
fires using remote sensing techniques[]]. International Journal
of Remote Sensing, 2004, 25(16): 3193-3220.

CHEN Y, JING L, BO Y, et al. Detection of coal fire location
and change based on multi-temporal thermal remotely sensed
data and field measurements [}]. International Journal of Re-
mote Sensing, 2007, 28(15): 3173-3179.

B R A O BT S BUR 5 J E)]. gk, 2010,
03:13-17+35.

ZHENG Bing-xu. Current status and prospect of high tempera-
ture blasting research in china [J]. Blasting, 2010, 03: 13-
17+35.

ARG KB, 2 (75, 45 L AL 28 7K ik A o i K DX A o 14 B
ALY, 2016, 33(3):114-117.

LIN Mou-jin, ZHENG Bing-xu, LI Zhan-jun, et al. Application
of impounding water blasthole method in fire area blasting[]].
Blasting, 2016,33(3):114-117.

BT, BRAS, ENL, G JLAFLAR K 25 B RO i B ) 2 ATk
). & hEM R, 2009, 17(4):463-466.

LUO Ning, LI Xiao-jie, WANG Xiao-honget al. Thermal de-
composition kinetic behavior of emulsion explosives[]]. Chi-
nese Journal of Energetic Materials( Hanneng Cailiao) , 17(4):
463-466.

WANG X, LI X, YAN H, et al. Research of thermal decompo-
sition kinetic characteristic of emulsion explosive base contain-
ing Fe and Mn elements[])]. Journal of Thermal Analysis and
Calorimetry, 2007, 91(2): 545-550.

T, S Ao R AL A A T KR 2 T B SR A ST ()] A
WeAR#,2019,48(1):47-51+457.

YU Qian, GUO Zi-ru, HE Zhi-wei, et al. Experimental study
on heat resistance of typical industrial explosives[]]. Explosive
Materials, 2019,48(1):47-51+57.

MG, X, SR, L K IR LA K 2R B Y
WaL)]. A RERE R, 2016,24(12):1214-1218.

LIN Mou-jin, LIU Chang, MA Hong-haoet al. Effect of

water-bath heating on the explosion power of emulsion explo-

Chinese Journal of Energetic Materials, Vol.31, No.3, 2023 (306—315)

[20]

[24]

[27]

[28]

Sttt

sive[]]. Chinese Journal of Energetic Materials(Hanneng Cail-
iao), 2016,24(12):1214-1218.

SRBH, TERSE, B, A5 LR B Al B v A i S 5 43
[J]. K TH4,2018, 6:42-45.

ZHANG Yang, WANG Xu-guang, WANG Yang, et al. Analy-
sis of critical phenomenon in the aging process of emulsion ex-
plosive matrix[J]. Initiators & Pyrotecinics, 2018, 6: 42—-45.
JONES D E G, FENG H, MINTZ K J, et al. Parameters affect-
ing the thermal behaviour of emulsion explosives[]]. Thermo-
chimica Acta, 1999, 331(1): 37-44.

OXIEY J C, KAUSHIK S M, GILSON N S. Thermal stability
and compatibility of ammonium nitrate explosives on a small
and large scale[)]. Thermochimica Acta, 1992, 212: 77-85.
LI J, WANG X, HU R, et al. The thermal behavior of powder
emulsion explosives[]]. Journal of Thermal Analysis and Calo-
rimetry, 1995, 45(1-2): 261-268.

XU Z, LIU D, HU Y, et al. Influence of iron ion on thermal
behavior of ammonium nitrate and emulsion explosives [J].
Central European Journal of Energetic Materials, 2010, 7(1):
77-93.

XU Z X, WANG Q, FU X Q. Thermal stability and mecha-
nism of decomposition of emulsion explosives in the presence
of pyrite [J]. Journal of Hazardous Materials, 2015, 300:
702=710.

R n , M e, o0 95 8, 45 e T4 e i 2 R RO A A
B FE ()], M As 41, 2002,05:32-35.

CHEN Shou-ru, LIU Jian-kang, SHI Xiu-zhi, et al. The experi-
mental study of a new type of heat insulation material used in
high temperature control blasting [J]. Explosive Materials,
2002,05:32-35.

M e A AT TR B LSRRI R BR ) ). T RERE0Z, 2007,01
66—68.

LI Jian-bin. Blasting demolition of reinforced concrete founda-
tion high temperature [J].
66—68.

FEIE SR . R R A A 2 Tl A £ R 25 et [) ] AR,
2017,23(6):43-47+67.

CUI Xiao-rong. Design of self-adapting and heat-resisting ban-

Engineering Blasting, 2007, 01:

galore for high-temperature blasting [J]. Engineering Blasting,
2017,23(6):43-47+67.

ARG, A SO AT, A5 0 T 2 DR T F) T 2 P RS i 2
0D, 2017,34(4):133-136.

LIN Mou-jin, SHI Wen-cai, ZHENG Bing-xu, et al. Designing
of refractory insulating sleeve for fire area blasting [J]. Blast-
ing, 2017,34(4):133-136.

S 5 TG U IR — R R B R O A LR 45 7 ik S
R : ZL201410738225.7[P], 2015.

MA Hong-hao, WANG Fei, SHEN Zhao-wu. A colloidal heat
insulation protective structure and its preparation method and
application: ZL201410738225.7[P], 2015.
TR, S R IRk, % . PVDF FE 7 1176 45 4 2 1 MR 0 TR )
DR A R R WESE )], SR T2z, 2014, 52:27-32.

FAN Zhi-giang, MA Hong-hao, SHEN Zhao-wu. Investigation
on application of PVDF gauges in blast pressure measurement
on structure surfaces[)]. Acta Armamentarii, 2014, s2:27-32.
GB/T 32064-2015, H 5B RS 2 R BOMR ™ 18R Bt 457
T BRI (S .

FHEE KRR )2 SR IM ] s A AR, 1987

www.energetic-materials.org.cn



Pl B A 2 24 45 A Y T R 9 4 5 0 A 315

Henrych J. Explosion dynamics and its application [M]. Bei- WANG Bo, MA Hong-hao, SHEN Zhao-wuet al. Detonation
jing: Science Press,1987. performance of emulsion explosives sensitized by hydrogen
[29] COLE R H. Underwater explosions [M]. Dover Publications storage glass microspheres[)]. Chinese Journal of Energetic Ma-
New York, 1965. terials(Hanneng Cailiao), 2018,26(5) :436-440.
[30] BJARNHOLT G. Suggestions on standards for measurement [32] Tk LM AR E R BEIL T L [D] f At Bats T
and data evaluation in the underwater explosion test[}]. Pro- K2, 2008.
pellants, Explosives, Pyrotechnics, 1980, 5(2-3): 67-74 WANG Jin. Study on stability and demulsification method of
(31] Eu, B 5 ek, 55 0 S0l 0 IOk S A LAk e 24 10 8 0 emulsion system [D]. Nanjing: Nanjing University of Science
PED)]. & e, 2018,26(5):436-440. and Technology, 2008.

Thermal Protection and Explosive Performance of Charge Structure with Thermally Insulating Colloid

WANG Fei', MA Hong-hao®, SHEN Zhao-wu’
(1. State Key Laboratory of Mining Response and Disaster Prevention and Conirol in Deep Coal Mines, Anhui University of Science and Technology, Huainan
232001, China; 2. CAS Key Laboratory of Mechanical Behavior and Design of Materials , University of Science and Technology of China , Hefei 230026 , China)

Abstract: In order to study the safety protection issues and explosion characteristics of colloidal charge structure under high tem -
perature environment, the charge structure consisting of a thermally insulating outer layer, an endothermic colloid and an emul-
sion explosive was designed. The effects of three colloid proportions and two sensitizing modes (emulsion explosives were sensi-
tized by sodium nitrite and expanded perlite respectively) of explosive in the charge structure on thermal insulation and explo-
sion performance were studied by physical property measurement, thermometric analysis, explosion testing technology (under-
water explosion, detonation velocity experiment, near-field detonation pressure measurement) and field experiment (sympathet-
ic detonation, blasthole blasting). The results show that the colloidal material containing 0.5% high molecular water-absorbent
resin is suitable for the charge structure, attributing to the fire resistance, high specific heat and low thermal conductivity, which
extends the thermally insulating protection time to 55 min. In underwater explosion and detonation velocity experiments, as the
heating time of 100 °C water bath increases, all detonation parameters (peak shock wave pressure, specific impulse, detonation
velocity, and total explosive energy) of the charge of two sensitizing modes decrease. Affected by the demulsification of emul-
sion explosive and the reduction of sensitization hot spots, the detonation performance of emulsion explosive sensitized by sodi-
um nitrite (EE-SN) is attenuated greater than that of emulsion explosive sensitized by expanded perlite (EE-EP). After heating for
2 hours, the total explosive energy loss of EE-EP and EE-SN is 4.76% and 17.62%, respectively. In the near-field explosion pres-
sure measurement of colloidal medium, the colloidal layer in charge structure will weaken the strength of explosion shock wave.
However, the blasting effect is good in the field experiment, and the charge structure has realized the 30 mm sympathetic deto-
nation and the stable detonation propagation in the blast hole, indicating that the colloidal charge structure has a good applica-
tion prospect for high-temperature blasting.

Key words: high-temperature blasting; colloidal material; thermally insulating charge structure ; thermal safety of emulsion explo-
sive;shock wave attenuation
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