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Abstract: This study systematically investigated the synergistic relationship between matrix temperature and so-
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dium nitrite concentration to resolve density unevenness and explosive power instability in site-mixed emulsion explo-
sives caused by the mismatch between matrix temperature and sensitizer ( sodium nitrite) concentration during pro-
duction. Using an orthogonal experimental design,matrix temperature gradients ranging from 40°C to 70°C and sodi-
um nitrite concentration gradients ranging from 1.2% to 2. 8% were systematically established. Multiple sets of com-
parative tests were conducted to comprehensively examine the impact of these two factors on the density of emulsion
explosives. The experimental results demonstrate that matrix temperature plays a critical role in determining the foa-
ming reaction rate, with elevated temperatures markedly accelerating the reaction and, consequently, the foaming
process. However, this acceleration often leads to excessive foaming, consequently reducing the explosive density. In
contrast, lower temperatures slow the reaction, often resulting in insufficient foaming, which increases explosive densi-
ty and adversely affects blasting stability. Additionally,the concentration of sodium nitrite , acting as the sensitizer, di-
rectly influences both the foaming efficiency and the structural stability of the bubbles. For different matrix tempera-
tures , there is an optimal concentration range to achieve ideal explosive density and detonation performance. Based on
comprehensive experimental data,this study developed practical guidelines for sodium nitrite proportions across vari-
ous matrix temperature ranges. These guidelines explicitly recommended specific sensitizer concentrations for low-to
high-temperature conditions, providing quantitative references for field applications. Field validation confirmed that
implementing this matching table and associated control techniques substantially enhanced the accuracy of emulsified
explosive density regulation. This improvement not only boosted the effective release of explosive energy but also miti-
gated safety risks, including density-related misfires , resulting in overall optimization of both blasting performance and

operational safety. This study’s findings offer valuable theoretical insights and practical applications for enhancing
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quality control in field-mixed explosives and systematically improving blasting performance.
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2. 4% , AT ) 25 S BN A S 4, JE 2 0 R R4 HUFIRE 2.0%HEATE (/on’ ) SERBENXR

Fo 7E 60°C R, FefE NaNO, WelEH1.2% ~ Table 4 Explosive density vs. matrix temperature
4% LI A1 2), R T HEAT (2. 0% sensitoer)
AT ]
40°C 50C 60°C 70°C
1 SUFRE1.2% Eﬂ’ﬁ%"i&‘“}%(g/cms VEEREENXR Sensitization time/min
Table 1 Explosive density vs. matrix temperature 0 1.29 1.29 1.29 1.29
(1.2% sensitizer) 5 1.15 1.13 1.07 1.04
- 10 1.10 1.08 1.00 0.96
) @TJCH“L@ 40 50°C 60°C 70°C 15 1.08 1.06 0.96 0.90
Sensitization time/min
20 1.07 1.03 0.94 0.88
0 129 129 1.29 1.29 25 1.06 1.03  0.93  0.88
5 1.23 1.22 1.12 1.10 30 1.06 1.03 0.93 0.88
10 1.20 1.16 1.07 1.06
s 1o 14 Lo Loz 5 BLHIRE 2.4%MEBTE (g on’) SERBENER
20 117 L 12 Lol 100 Table 5 Explosive density vs. matrix temperature
. ' . . (2.4% sensitizer)
25 1.16 1.11 0.99 0.99
30 1.15 1.10 0.99 0.98 . ,ﬁ“tﬁ@ . 40C 50C 60°C 70°C
Sensitization time/min
N - N N 0 .29 .29 1.29 1.29
R2 GUFIRE L4%EEHEE (¢/on’) SERBENER S i 6 103 Lo
Table 2 Explosive density vs. matrix temperature ' ’ ' '
10 .08 .03 0.95 0.92

(1.4% sensitizer)

1 1
1 1
1 1
15 1.06 1.02 0.91 0.86
1 1
1 1
1 1

i) 20 .03 .01 0.89 0.85
Sensitization time/min 40°C S0C 60°C o 25 .02 .00 0.88 0.85
0 .29 1.29  1.29  1.29 30 .02 1.00 0.8 0.8
> b2 L2 LA Loy £ 6 BILAIRIE 2. 8% FIMZTHRE (o/cm') SEFRENLR
10 1.19 115 1.05 1.o1 Table 6 Explosive density vs. matrix temperature
15 .17 112 L0l 0.97 (2.8% sensitizer)
20 1.16 1.11 1.00 0.94 AR ] A0 S0 o o
25 1.15 1.10 0.99 0.94 Sensitization time/min
30 1.15 1.10 0.98 0.94 0 1.29 1.29 1.29 1.29
5 1.11 1.04 1.02 1.01
R3 HUFIRE 1L 6%MESZE (/on’ ) SERBEMNER 10 1.5  1.00  0.92 0.91
Table 3 Explosive density vs. matrix temperature 15 1.02 0.99 0.88 0.85
(1.6% sensitizer) 20 1.01 0.98 0.86 0.84
- 25 1.00 0.97 0.86 0.84
Sensitffjiiiqttliie/min 40C 50°C 60°C 70°C 30 0.99 0.97 0.86 0.84
0 129 129 129 1.29 #7 BFEREOCHESEE(g/on’) SELFARENER
5 1.21 1.17 1.10 1.07 Table 7 Explosive density vs. sensitizer concentration (40°C)
10 1.17 1.11 1.02 1.00 |
15 1.15 1.08 0.97 0.96 Sensitization 1.2% 1.4% 1.6% 2.0% 2.4% 2.8%
20 .14 1.06 0.95 0.9l time/min
25 113 105  0.95 0.9 0 .29 1.29 1.29 1.29 1.29 1.29
30 13 1.05  0.95 0.9 5 .23 1.22 121 115 113 1.11
10 1.20 1.19 1.17 1.10 1.08 1.05
e 3 3ot v B A A o % R R S T R A T 15 1.19 1.17 1.15 1.08 1.06 1.02
M, ¥R E i, S TRIZL, re it 250, & 20 1.17 1.16 1.14 1.07 1.03 1.01
O 25985 B eI vk IR B 2 % 8, i 25 1.16 1.15 1.13 1.06 1.02 1.00
0.99

BAE VEZ B B 30 1.15 1.15 1.13 1.06 1.02
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Table 9 Explosive density vs. sensitizer concentration (60°C)

AL A] AL ]
Sensitization 1.2% 1.4% 1.6% 2.0% 2.4% 2.8% Sensitization 1.2% 1.4% 1.6% 2.0% 2.4% 2.8%
time/ min time/ min
0 1.29 1.29 1.29 1.29 1.29 1.29 0 1.29 1.29 1.29 1.29 1.29 1.29
5 1.22 1.20 1.17 1.13 1.08 1.04 5 1.12 1.11 1.10 1.07 1.03 1.02
10 1.16 1.15 1.11 1.08 1.03 1.00 10 1.07 1.05 1.02 1.00 0.95 0.92
15 1.14 1.12 1.08 1.06 1.02 0.99 15 1.03 1.01 0.97 0.96 0.91 0.88
20 1.12 1.11 1.06 1.03 1.01 0.98 20 1.01 1.00 0.95 0.94 0.89 0.86
25 1.11 1.10 1.05 1.03 1.00 0.97 25 0.99 0.99 0.95 0.93 0.88 0.86
30 1.10 1.10 1.05 1.03 1.00 0.97 30 0.99 0.98 0.95 0.93 0.88 0.86
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Table 10 Explosive density vs. sensitizer concentration(70°C)

gt

Sensitization

1.2% 1.4% 1.6% 2.0% 2.4% 2.8%
time/ min
0

5

1.29 1.29 1.29 1.29 1.29 1.29

1.10 1.09 1.07 1.04 1.02 1.01
10 1.06 1.01 1.00 0.96 0.92 0.91
15 1.02 0.97 0.96 0.90 0.86 0.85
20 1.00 0.94 0.91 0.88 0.85 0.84
25 0.99 0.94 0.91 0.88 0.85 0.84
30 0.98 0.94 0.91 0.88 0.85 0.84

YEZH
Explosive density/(g* cm™)

0-80 1 1 1 )
0 10 20 30 40

AL I} [E] Sensitization time/min
—8—1.2% —8— 1.4% 1.6%
2.0% —8—2.4% —8—2.8%

B 7 RS 40°C i #2455 S e JEE 1) O R
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Table 11 Sensitizer dosage guide for bulk emulsion explosives

5 FUCHE O AL L KE 2014 1L Y2 I A
No.  Emulsified matrix temperature/°C ~ Sensitizer ratio  Initial explosive density/(g + em’) Final explosive density/(g + em®)
1 70 0.9% 1.29 1.08 ~1.12
2 60 1.0% 1.29 1.08 ~1.12
3 50 1.4% 1.29 1.08 ~1.12
4 40 1.8% 1.29 1.08 ~1.12
5 70 1.0% 1.29 0.98 ~1.02
6 60 1.2% 1.29 0.98 ~1.02
7 50 2.4% 1.29 0.98 ~1.02
8 40 2.7% 1.29 0.98 ~1.02
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