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[ ABSTRACT] Chemical sensitization is a widely applied, convenient and rapid method in foaming the emulsion matrix.
However, compared with physical way, chemical method is more complicated, which were rarely researched systematically.
In this study, the relation of various involving factors, which include the amount of NaNO,, pH value, different types of
acid, catalysts and temperature,, and the emulsion foaming process, were investigated. The following were the findings: the
foaming process was accelerated obviously by increasing the concentration of NaNO, and temperature in matrix to improve
the activity of NaNO, ; a higher rate of foaming was attained if lowering the pH value of matrix, via applying stronger acid or
increasing the concentration of weak acid; low temperature sensitization was achieved through introducing M** as a positive
catalyst; when the concentration of M** reached 35% mass fraction in the sensitizer, a fastest rate was achieved ; higher
foaming rate resulted in more NOx production and the matrix presented yellow color especially under a lower pH of the ma-
trix ; too low pH in the dispersed phase leads to a poor quality of emulsion; since big useless bubbles were easily formed un-
der a high rate of foaming, for an optimum sensitizing result, the rate should be controlled.
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will affect the detonation performance, especially for
Introduction bulk emulsion explosive (BEE for short)>!. Since
BEE was introduced into China in 1980s, chemical

Generally, manufacture process of emulsion exp-

losive (EE for short) mainly includes emulsification

(1

and sensitization The emulsification will influence

stability and shelf life of EE"*.

While sensitization
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foaming has always been an optimal way for sensitiza-

tion and a widely applied , convenient and rapid method

to foam the emulsion matrix comparing with physical

.. . 6 . .
sensitization'® . However, as a chemical reaction,
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chemical method being influenced by much more

[1.7] , such

factors was found in the production process
as temperature, concentration, catalyst and so on. It is
widely known that the bubble accumulated in emulsion
contributes to sensitization and density adjustment. If
chemical foaming were mnot properly controlled, an
undesired density or bigger bubbles were more likely to
produce, however, adjusting the density could hardly
create enough hot spot for better detonation and even
result in misfire. Thus it’s significant for EE manufac-
turing to investigate chemical foaming process systemi-

cally.

1 Test

BEE was selected as a subject in this study. The
formula of emulsion matrix was listed in Table 1. At
first, 775 g ammonium nitrate (AN) is dissolved into
180 g water, stirring the solution and heating it to 85-
95 °C; secondly, dissolve 15 g emulsifier into 40 g
diesel oil in the 2 L container and it is heated to 30-55
°C ; set up an agitator onto the bench drill, turn it up
to 700-1 000 r/min to stir the mixture; then stop the
bench drilll min later and pour the emulsion matrix into
enamel cup. Acid is introduced into dispersed phase,
and the pH or different strength acid affecting foaming

was studied.

Tab.1 Formula of emulsion matrix %
Materials H,0 AN diesel emulsifier
mass fraction 17.0 77.5 4.0 1.5

5% -10% ( mass fraction) NaNO, aqueous solu-
tion was the main sensitizer applied and M ( NO, ),
(M is a alkaliearthmetal ) solution with different con-
centration was used as the accelerant. The main sensi-
tizer mix the accelerant with the matrix sufficiently and
homogeneously in the enamel cup, and then pour the
mixture into a constant volume container and observe

the density change regularly.

2 Analysis

The mechanism of the reaction between NH, and

NO, catalyzed by acid was proved in this application.

NH, was generated through the NH," decomposition re-
action; the intermediate, H,NNO, was formed by the
reaction between NH, and HNO,/N,O;, and then it
decomposed soon and produced N,. The mechanism
could be listed as the below Equation (1) - Equation
(7). Generally speaking, Equation (1) - Equation
(2) could be the first step and Equation (3)- Equa-

tion (7) could be the second step[g'g].
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(7)
Chemical foaming process was divided into three
distinct stages found in experiment
1) At the beginning, there was no sufficient
amount of NH; and HNO, generated due to a low reac-
tion rate ; and N, would be dissolved into internal phase
until saturation, so that there were few bubbles and the
density scarcely decreased. Thus this stage was called

the lag regime.
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2) After the lag period, the foaming process be-
gan speeding up with a large number of bubbles gene-
rated, which resulting in a large decline of the density
of emulsion. This stage was also called the kinetic re-
gime.

3) The reactant, after reaction in the kinetic re-
gime, remained a low concentration and thus the foa-
ming rate was low. This stage was called the plateau
regime ol

Several factors affecting the foaming process were
investigated here ;

1) The amount of NaNO,. 5% ( mass fraction)
NaNO, and 10% ( mass fraction) NaNO, solution were
applied as sensitizer for foaming. Because of low tem-
perature, the M ( NO, ), with the same concentration
was used as accelerant. The foaming process was pre-

sented in Figure 1.

14g + 5% NaNO,
L3f e 10% NaNO,

0 20 40 60 80 100
t/min

Fig. 1 Foaming process with different amount of NaNO,

From Figure 1, a higher rate of foaming was found
due to a higher concentration of NO, , in the mean-
while, the temperature and quantity of NaNO, were
fixed, thus the NaNO, was significant in foaming
process.

2)pH. Acid was utilized as a catalyst mostly. In
the experiment, one type of acid (organic acid) was
used to adjust the pH of the aqueous phase. In Figure
2, it showed that when the amount of sensitization com-
position was fixed, the foaming rate would grow by the
increase of the pH value. When the pH =4.5, the lag
period lasted for 15 min. It suggested that H* with low
concentration couldn’t catalyze the intermediate reac-
tion at low temperature. It took a longer time to accu-
mulate reactant to proceed the foaming process. There-
fore, reducing the pH appropriately could prompt the
rate of sensitization.

3) Different strength acid. In the experiment, C

1.350¢ & ¢ pH=4.5
. pH=3.5

*
%"1.05 L ¢

0750720 40 60 80 100 120

t/min

Fig.2 Foaming process under different pH

acid, B acid and A acid were chosen as the catalyst of
sensitization. During the experiment, the same amount
of NaNO, and acid were used to reduce variability at
the same temperature. In Figure 3, due to the stronger
acid, an increased rate of reaction and a decrease of
aftereffect were found in the first stage. Generally
speaking, C acid was regarded as a medium-strong
acid, B acid and A acid were weak acid, and their
pKa (only primary dissociation constant considered )
were 2. 12, 3. 13 and 4. 76 respectively. A larger pKa
is along with a larger amount of H™ , moreover, C acid
and B acid belonged to polybasic acid, using which
would increase the foaming process in first two stages
compared with A acid. On the other hand, H" was
consumed too much and thus causing plateau regime
coming beforehand. In Figure 3, it showed that when
the amount of NaNO, and acid were fixed, the stronger
the acid was, the larger the density was, because
stronger acid would result in a higher rate of gassing
and a large number of bubbles, a bigger density would
consequently created due to a higher rate of bubble es-
caping, otherwise reaction at low concentration couldn’t

maintain the reaction.

1.4 -

- + Aacid
1.3}2 B acid
= + Cacid
12f 5,

0 20 40 60 80 100 120 140
t/min

Fig.3 Foaming process with different acid

In addition, short starting and kinetic regime
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would lead to big useless bubbles generating easily;
stronger acid or low pH could cause more NO, pro-
duced owing to high amount of side reaction product of
Equation (2)-Equation (5) ; Since the acid damaged
the emulsifier and decreased the stability of matrix
under high temperature, a low pH of aqueous solution
caused a high probability of demulsification.

4)M**.

acid wouldn’t accelerate the foaming process. In the

At low temperature, applying NaNO, and

experiment, the M>* was introduced as accelerant. In
Figure 4, when the pH =4. 5, the density of matrix
was decreased to 1.15 g/cm’ over 60 min after adding
35% (mass fraction) M**, in contrast, it decreased
slightly without M**. It was the reaction mechanism
that M** made compound reaction with NH; to reduce
the reaction difficulty with NH; in the second step and
reacting with NO* (a variant of N,0,) to promote
generating N,. So M*" played a significant role in the
foaming process at low temperature. In Figure 5, lag
period of two processes wasn’t found obvious change in
gassing rate. While a lower density in the kinetic re-
gime was found after using a larger amount of M**

which proved the inference valid.

1.40 NETTAVE
1.35¢ ¢ . No Mz
1.30 B
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t/min

Fig.4 Application of M** in low temperature

foaming process

* 35%M**
20%M**

0 20 40 60 80 100
t/min

Fig.5 Foaming process with different mass fraction of M**

5) T. T, as a catalyzer, was used in bulk emul-
sion and packing products for decades''’. Adding a
few amount of T, emulsion could create a high foaming
rate and the reaction mechanism was showed as Equa-
tion (8)- Equation (9)'"'. NO* combining with T
reacted much easier with NH, than NO*.

NO" +T——NO"T; (8)

NO*T+NH, —N, T +H,0+T+H*. (9)

It’s important to note that it’s easy to generate use-
less big bubbles which would be harmful for initiation
when, T was applied. Therefore, T should be con-
trolled in a reasonable amount during test or practice.

T was added with 0, 0. 05% , 0. 10% and
0.15% (mass fraction) into emulsion at 60 °C, and
the rate of reaction was showed in Figure 6. When the
amount of T was 0. 15% , a lot of big useless bubbles

generating and sound of collapse of bubble were ob-

served.
15
——0.10%T
1.4 —=— 0.05%T
13 NoT
g 12
&
4 1.1
1.0
0.9
035 20 40 60 80 100

t/min
Fig.6  Gassing process with different concentration of T

6) Temperature. In the experiment, the new made
matrix was cooled to 40 C and 50 °C respectively and
then 10% (mass fraction) NaNO, solution was intro-
duced to sensitize. The foaming process was showed in
Figure 7. In Figure 7, a higher rate of foaming was
found when the temperature was 50 °C in the lag period

and kinetic regime, and a lower top density was tested

in the plateau regime.

3 Conclusion

The amount of NaNO,, pH, different strength
acids, catalysts and temperature, which influence the
foaming process of emulsion were investigated in this
paper. In the industrial production process, many

other factors were found, such as device, sensitization
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Fig.7 foaming process at different temperature

mode and emulsification mode. In the test, homo-
geneous and tiny bubbles were found in lowering the
rate of foaming. As a result, we should consider those
factors in a comprehensive way and reduce the rate in a
proper range to gain a good sensitizing result. Thus,a
comprehensive method was set up for better under-
standing. Besides, through test analysis, trend data
could be acquired in directing to solve problems in
manufacture process, and further it would improve pro-

duction control level.
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