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Preparation and Characterization of Metalized Explosive Containing B and Al Powder
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Abstract: Octagon (HMX) based metalized explosive containing boron (B) /aluminum ( Al) compound powder, oxidizer ammonium perchlorate
(AP) and binder hydroxyl-terminated polybutadiene( HTPB) was designed and prepared. The appearance morphology of B powder, Al powder and
B-Al compound powder were observed by SEM. The effects of HMX and AP on the thermal oxidation characteristics of B and Al powder were investi-
gated by TG-DSC. A deeper understanding of reaction kinetic mechanism of the B and Al powder was made. The sensitivities( impact sensitivity, fric-
tion sensitivity, electrostatic spark sensitivity, cap initiation sensitivity) and ignition and propagation properties for metalized containing B/Al were
measured, which made a fully acknowledge of the safety under different external energy stimuli and ability of detonation propagation. The results
show that there are many small particles of B powder on the surface of spherical Al powder in the B-Al compound powder. From room temperature
(25 °C) to 1000 °C under N, atmosphere, although the pressures have an effect on the thermal decomposition peak temperature of HMX and AP,
however partial oxidation of Al powder and B powder only occurs, whereas the combustion does not occur. The impact sensitivity, friction sensitivity
and electrostatic spark sensitivity of the metalized explosives containing B and Al powder are 40% -80% , 100% and 3.83-6.40 kV respectively,
and all the metalized explosives designed can be intiated by 8* industrial detonator, which indicates that the mechanical sensitivity of the metalized
explosive containing B and Al powder without binder is high. The mechanical sensitivity is obviously lowered by adding desensitized HMX and AP,
and it can be further lowered by adding polyurethane binder. By increasing the 20% content of polyurethane binder HTPB, the impact sensitivity and
friction sensitivity of the HMX based metalized explosive containing B powder can be reduced less than 10% and 30% , respectively, revealing that
the safety requirements for preparation and processing technology of mixed explosive can be satisfied. Additionally, the metalized explosive of ®50
mm can be intiated by 8" industrial detonator and can propagate stable detonation, showing a strong after-effect power ability.
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respectively™ . Considering that the combustion heat of B is

1 Introduction almost two times greater than that of Al, many scientists pay close

By adding active metal powder, the power ability and ex-
plosion power of energetic materials can be improved quickly

“=21 Al and B are used in propellants and ex-

and effectively
plosives due to their high oxidation enthalpies, high combus-
tion temperatures, and low molecular weight products.
Commonly, Al is widely recognized as one of the most i-
deal and suitable active metals with advantages of high oxida-
tion heat, low price and wide source. Specially, the density
and combustion heat of Al are 2.7 g - cm™ and 31 k) - g™’ in
the view of thermodynamics respectively, while the density

and combustion heat of B are 2.34 g - cm™ and 59 kJ - g~
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attention to B. However, the melting point and boiling point of B
are higher than that of Al, and the liquid B, O, is formed in the
early stage of combustion, the oxidation reaction of solid-liquid
interfaces is obstructed, which result in that the ignition and com-
bustion characteristics of B powder are poor, so that it is difficult
to burn and release the high combustion heat completely. The ig-
nition and combustion characteristics of the amorphous B powder
were improved by using technologies of the oxidant AP coating B
powder surface and the B-Al composite powder. Under the load-
ing of detonation products of high-energy explosive, the higher
combustion heat of the B-Al composite powder was released
which have practical value.

B powder has been widely used in various kinds of pro-

pellants™*7.

In recent years, there are some literatures pub-
lished about metalized explosive containing B and Al powder.
Underwater energy of DNTF based B-contained and Al-con-
tained explosive was studied theoretically and experimentally,
which indicated that the energy of B-contained explosive was

[9-10]

better than that of Al-contained explosive . Besides, better

energy characteristics could be obtained if B and Al were used
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together. Pei et al. "

studied the explosion performance of
thermobaric fuel containing B, and the shock overpressure of
the fuel containing B powder had no apparent advantage com-
pared to the samples containing Al powder in the same meas-
ure point. While compared to the fuel containing Al powder,
the fireball temperature of the fuel containing B sustained a
long time. Recently, the thermal behaviors of various metal-
lized RDX-based explosives with B powder were investigated
by a thermogravimetric analyzer (TGA) and a high pressure
differential scanning calorimeter (PDSC) technology, indica-
ting that the RDX decomposition and its products could active

B powder, and then made its oxidation or nitrogenation easy

12] 13-14]

at high temperature’”’. Xu et al. | studied the combustion
heat of the Al/B powder and its application in metallized ex-
plosives in underwater explosions. As the content of B pow-
ders was increased, the heat of combustion of the metal mix-
tures increased, and the combustion efficiency of B decreased.

As noted above,the addition of B and Al powders to ex-
plosives is a good way to enhance their blast effect, to im-
prove the temperature of the explosion field and to prolong the
duration of the higher temperature. However, the application
of B in explosive is still at the exploratory stage at home and a-
broad. Thus, careful measurements are still needed to address
specifically the mechanical sensitivity of metalized explosive
containing B and Al powder to ensure the safety of preparation
and characterization. In this work, a new HMX based metal-
ized explosive containing B and Al powder, oxidizer AP, pol-
yurethane binder was designed and prepared. The thermal
properties, mechanical sensitivity, electrostatic spark sensitivi-
ty, cap initiation sensitivity, and ignition and propagation
properties of the new metalized explosive were measured,
which lay the foundation for the subsequent development of

detonation reaction zone structure and power ability.
2 Experimental

2.1 Preparation

2.1.1 Raw Materials

HMX:the content was 99.9% , and the particle size D,
are 6. 7 pm, analytical reagent, and the particle sizes were
®20-50 wm, Dalian potassium chlorate plant production. Al
powder: the content was 99% , analytical reagent, and the
particle sizes were ®1-5 pm, Liaoning Angang Industrial Fine
Aluminum Powder Co. Ltd. production. B powder: the con-
tent was 99. 9% , analytical reagent, and the particle sizes
were @1-5 pm, Hebei Baoding Pengda New Material Tech-
nology Co. Ltd. production. HTPB: molecular mass average

was 2000, hydroxyl value was 0.76 mmol/g, Luoyang Liming
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Chemical Academy production.

2.1.2 Powder Mechanical Mixing Method

According to the designed formulation, nine kinds of pulver-
ous metalized explosives listed in Table 1 and Fig. 1 consisted of
HMX and AP or desensitized HMX and AP, metal powder were
prepared. The photographs of three kinds of pulverous metalized

explosives in Fig.1 were taken with a Canon camera to observe

a. JS-1(containing Al powder)

b. JS-3 (containing B powder)

c. JS-2-1(containing B and Al powder)

Fig.1 Photographs of three kinds of pulverous metalized explosives

Table 1 Formulation of pulverous metalized explosive
mass ratio/ %

sample note

P Hmx+Ap ?(;‘:2(;’25 ey A B
JS-1 75 - 25 -
Js-2-1 75 - 12.5 12.5 composite powder 1*
)S2-2 75 - 12.5 12.5 composite powder 2*
JS-3 75 - - 25
JS-4 - 75 25 -
JS-5-1 - 75 12.5 12.5 composite powder 1*
)S5-2 - 75 12.5 12.5 composite powder 2*
JS-6 - 75 - 25
JS-7 - 75 15 10

Note: The desensitized HMX and desensitized AP were coated with 2% wax.
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the appearance of metalized explosives. Two kinds of B and Al
compound powder used in this study were compound powder 17
and compound powder 2* that both had the mass radio of B and
Al as 1 : 1. The difference was that the compound powder 1% was
made by simple physical mixing method while the compound

powder 2% was made by mechanical attrition method.

2.1.3 Cast PBX’s Method

Through the processes of batching, kneading, vacuum
casting and curing, four kinds of metalized explosives consis-
ted of desensitized HMX or RDX, desensitized AP, B and Al
compound powder, HTPB and TDI were prepared. The metal-
ized explosive shown in Fig. 2 consisted of HMX and AP
(60% ), B powder (12% ), Al powder (8% ), and other ad-
ditives including the HTPB binder (20% ). The components of
the three other metalized explosives were shown in Table 2.

Fig.2 Photograph of metalized explosive cylinder

Table 2 Formulation of cast metalized explosive
mass ratio / %
sample  RDX+AP HMX+AP Al others
(desensitize) (desensitize)

GR-1 64 - 25 - 11
GR-2 64 - 12,5 12.5 11
GH-1 - 60 8 12 20
GH-2 - 60 4 16 20

2.2 Characterization

2.2.1 SEM Analysis

Scanning electron microscope( SEM) observations were car-
ried out on Apollo300 SEM ( Camscan Electron Optics, UK).
When the voltage was 30 kV, the resolution was 1.2 nm. When
the voltage was 1 kV, the resolution was 2.0 nm. The maxi-
mum magnification of the sample was 100 thousands. During
the observation of appearance of micron metal powder sam-

ples, the magnifications were 0.5-20 thousands.

2.2.2 Thermal Analysis
The DSC-TG experiments were performed by STA 449C
DSC-TG and DSC 204 thermal analyzer (NETZSCH Co. Ger-

man). The sample masses were (2+0.50) mg, heating rate
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was 10 K - min™', the experimental temperatures were 20 —
1000 °C, the working atmosphere was nitrogen, the flow rate was

20 mL - min™", and the pressure DSC was operated at 1 MPa.

2.2.3 Measurement of Sensitivity Properties

The mechanical sensitivity of metalized explosive was meas-
ured according to specifications of standardization methods GJB
772A-1997 601.1 (Impact sensitivity explosive probability meth-
od) and 602. 1 (Friction sensitivity explosive probability meth-
od) ™. The electrostatic spark sensitivity was determined by a
model JGY-50 instrument. The sample masses were (20+2) mg,
the 50% firing voltage and 50% firing energy were calculated
with the up-down method. In reference to the Chemical Physical
Hazard Test Guide in the “test of cap initiation sensitivity 5(a)”,

the cap initiation sensitivity of sample was measured™’.

2.2.4 Plate Dent Test

The fiber tube of ®50 mmx50 mm and 2 mm thick was
filled with metalized explosive. In the plate dent test, the
booster explosive was TNT cylinder of ®50 mmx50 mm, the
initiating system were PETN tablet and 8" industrial detonator,
the identification plate was Q,,. steel cylinder of @100 mm x
40 mm. The detonation pressure was calculated through the
dent depth of identification plate, and power ability of the

metalized explosive were relatively evaluated™’ ™",
3 Results and Discussions

3.1 Appearance of B and Al Compound Powder
The micro morphology of Al powder, B powder and two
kinds of B and Al compound powders were observed by SEM.

The SEM images at various scales are shown in Fig. 3.

4um

c. compound powder 1# d. compound powder 2*

Fig.3 SEM images of metal powder

S
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The Al powder is 1-5 wm spherical particles, and partial
particles have agglomeration, as shown in Fig.3. The structure
of B powder is amorphous flake crystallite shape whose sizes
are between 1-5 um. For the B-Al compound powder, there
are many little amorphous flake B powder on the surface of Al

powder.

3.2 Thermal Properties

The TG-DSC curves at atmospheric pressure and DSC
curves at atmospheric pressure or 1 MPa pressure of powdery
AP, HMX, HMX+Al, and HMX+Al+B obtained at a heating

rate of 10 K - min™

are shown in Fig.4.

It can be seen from Fig. 4 that the endothermic peak of AP
sample at about 245 °C is a crystalline transformation peak.
The thermal decomposition of large AP particles (®>200 um)

is different from that of small AP particles and there are two
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Fig.4 DSC and TG-DSC curves of AP, HMX, HMX+Al, and HMX+Al+B

3.3 Safety

The safety of the metalized explosive containing B and Al
powder was evaluated by sensitivity test, and the safety risk as-
sessment for preparation and processing of kilogram grade
sample was also evaluated. The mechanical sensitivity, elec-
trostatic spark sensitivity and cap initiation sensitivity of six
kinds of powdery metalize explosive are shown in Table 3.

The impact sensitivity, friction sensitivity and electrostatic
spark sensitivity of the metalized explosives containing B and
Al powder are 60% —80% , 100% and 3.83-6.40 kV, respec-

tively, and the metalized explosive has cap initiation sensitivi-
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decomposition peaks for large AP particles''”’

. In this paper,
the AP sample is small particles (& =20-50 um), so there is
only one decomposition peak at temperature 410.4 °C. The
peak is wide and gentle at atmospheric pressure, while the ex-
othermic peak is narrow and sharp and the released heat is al-
so increased at 1 MPa pressure. The decomposition peak of
HMX sample at T MPa pressure is slightly decreased and be-
comes very sharp. By adding Al powder in HMX, the crystal-
line transformation peak, the exothermic decomposition peak
of HMX and the endothermic melting peak of Al powder are
all slightly decreased. Under the conditions of room tempera-
ture to 1000 °C and N, atmosphere, although the pressure
have effects on thermal decomposition peak temperature of
HMX and AP, Al powder and amorphous B powder occur to

partial oxidation but no combustion.
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ty, as shown in Table 3. The results show that the sensitivity
of the metalized explosive containing B and Al powder is high-
er without binder, therefore the safety in the preparation and
characterization test should be paid attention to. When the
metalized explosive is impacted by drop hammer, it is often
accompanied by a large noise and flash, due to the reaction
energy release of burning metalized powder if explosion hap-
pens. Specially, for metalized explosive containing B and Al
powder, the noise and flash are greater, the T10A steel sleeve
is exploded into two parts, and the drop hammer is pushed up

by the counterforce. The results indicate that the metalized ex-
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plosive has strong after-effect power ability. When the metal-
ized explosive is acted by friction hammer, it is often accom-
panied by a large noise and flash if explosion happens, which

is only observed in the friction sensitivity test of CL-20 and BTF

explosive 27?7,

Table 3  Sensitivities of pulverous metalized explosive
sample 1/% F /% Viy KV ) C
JS-1 80 100 3.83 0.220 +
JS-2-1 70 100 5.17 0.401 +
JS-3 60 100 6.40 0.614 +
JS-4 70 100 10.40 1.62 +
JS-5-1 60 100 12.60 2.38 +
JS-6 40 100 17.10 4.39 +
HMX '® 80-100 100 2.552 0.0994 +
AP20! 32 28 +

Note: The impact sensitivity, friction sensitivity, electrostatic spark sensitivity
and cap initiation sensitivity are expressed by symbols I, F, E and C,

respectively.

Based on RDX or HMX, adding oxidizer AP, B-Al com-
pound powder and binder HTPB, four kinds of metalized ex-
plosive containing B and Al powder were designed and pre-
pared. Before curing, samples of 40 mg metalized explosive
into the impact or friction devices, then pressed into tablet and
put into the oven to curing. Afterwards, the mechanical sensi-
tivity of metalized explosive was measured, the results are lis-
ted in Table 4.

Table 4 Mechanical sensitivities of cast metalized explosive %
sample 1 F
GR-1 88 100
GR-2 60 100
GH-1 0 24
GH-2 8 20

It is shown that the impact sensitivity of the GR-1 formula-
tion of RDX based explosive containing B powder is 88% , the
friction sensitivity is 100% , as shown in Table 4, therefore the
mechanical sensitivity of this metalized explosive is very high.
In the case of other components unchanged, by replacing the
B powder into B and Al compound powder, the impact sensi-
tivity is decreased to 60% , and the safety requirements of
preparation and processing of mixed explosive still can’t been
satisfied. Increasing the binder content of HTPB, the impact
sensitivity of the GH-1 and GH-2 formulation of HMX based
explosive containing B powder is less than 10% , the friction
sensitivity is less than 30% , so that the safety requirements for
the preparation and processing technology of mixed explosive

are satisfied.

Chinese Journal of Energetic Materials, Vol.25, No.5, 2017 (384-390)

3.4 Ignition and propagation properties

The plate dent test of nine kinds of metalized explosives,
powdery HMX and AP, TNT and cast metalized explosive cyl-
inder of ®50 mm were done. Device of plate dent test are
shown in Fig. 5, photographs of some identification plate are

shown in Fig.6, and results of plate dent test for metalized ex-

plosive are shown in Table 5.

a. JS-1 b. JS-2-1

c. JS-3 d. TNT

e. HMX f. GH-1

Fig.6 Photographs of some identification plate

It is shown that the identification plate has an obvious

dent, which indicates that the design and preparation of metal-

S
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ized explosives have better ignition and propagation proper-
ties, as shown in Fig. 6 and Table 5. By companion, it is
found that the greater the density of explosive, the deeper of
dent is. When the quality of metal powder Al : Biis 1 : 1, the
dent is not the deepest. The detonation pressure of TNT, HMX
and AP at different densities is calculated by using VLW code,
and the linear relationship between the dent depth and the det-
onation pressure is shown in Fig.7. The linear equation is

p=10.0714+1.2591h (1)
where, h is the dent depth of identification plate, mm; p is

the detonation pressure, GPa.

Table 5 Results of plate dent test for metalized explosive

sample p/g - cm™ h/mm p/GPa
JS-1 1.334 4.655 15.93
JS-2-1 1.202 3.363 14.31
JS-2-2 1.151 2.925 13.75
JS-3 0.927 1.747 12.27
JS-4 1.202 4.299 15.48
JS-5-1 1.059 3.451 14.42
JS-5-2 1.008 2.774 13.56
JS-6 0.957 1.776 12.31
JS-7 1.171 2.093 12.71
GH-1 1.508 4.560 15.81
TNT 1.620 7.829 19.87
HMX 1.283 5.423 17.00
HMX 1.147 3.039 13.88
AP 1.080 1.305 11.69
204 '
— e —testing curve
18- fitting curve
g 16
3 14
12+
10 T T T T T T ,
1 2 7 8
h/mm

Fig. 7 Curves of relationship between dent depth and detonation pressure

In addition, the cap initiation sensitivity and detonation a-
bility test of metalized explosive were carried out. About 700 g
JS-2-1 metalized explosive was put into the fiber tube of
80 mm diameter. The charge density is 0.9415 g - cm™. The
identification plate above steel rim is Q,,; steel plate of T mm
thick while the identification plate below steel rim is Q,, steel
plate of 8mm thick, as shown in Fig.8a. The test results show
that metalized explosive has cap initiation sensitivity, and the
Q,,;5 steel plate of T mm thick is exploded into pieces, and the
Q,,; steel plate of 8 mm thick is exploded with a large hole of

more than 80 mm diameter, as shown in Fig. 8b, indicating

CHINESE JOURNAL OF ENERGETIC MATERIALS

that the metalized explosive has great after-effect power ability.

a. cap sensitivity test

b. witness plate under layer

Fig.8 Cap sensitivity test of metalized explosive

4 Conclusion

(1) For investigation of the thermal properties, mechani-
cal sensitivity, electrostatic spark sensitivity, cap initiation sen-
sitivity, ignition and propagation properties of metalized explo-
sives, the HMX based metalized explosives containing B and
Al are designed and prepared by powder mechanical mixing
method and cast PBX's method.

(2) From room temperature (25 °C) to 1000 °C and un-
der N, atmosphere, pressures have effect on thermal decom-
position peak temperature of HMX and AP, while Al powder
and amorphous B powder occur to partial oxidation but no
combustion.

(3) The mechanical sensitivities of the powdery metal-
ized explosives are so high that the safety requirements for
preparation and processing technology of mixing explosive
cannot be satisfied although it can be obviously lowered by
adding desensitized HMX and AP. While for the cast metal-
ized explosives including mass compositions 35% of metal
powder, 20% of AP, 60% of HMX and AP, 20% of HTPB
and other additives satisfy the safety requirements.

(4) The nine kinds of metalized explosives of ®50mm
containing B and Al powder prepared all have cap initiation
sensitivity and can propagate stable detonation, showing
strong after-effect power ability. According to the experimental
results, the detonation parameters and after-effect ability of
metalized explosive can be improved by increasing the casting

density.
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EXEZS . e 1 T GOBE (SEM) LI 1 BB B As BAR 2 & R AP ILIE 30 s A - 25 /R 4 B # (TG-DSC) oy 1 B 5 464
CHMX) i SR B CAP ) X B 6743 8 S P 94 2 TR0 00 63 F) S B2 30 g 2 L BB R AT T IR T i 5 R 40 < A 0 245 3 4% il 4k

S HE e R ) 4 P LA BT R SR U0 Y

» T WA R A KR 2 1 4 o R RE LR B IRURE R AR IR BE A S A SR R g o

Mo ZEARRW MR E S8 P BRI AU R R AT V72 /NBOR B 5 7283 ~ 1000 CREFEA N, U, BAR TR J1 %5 HMX T AP
HO AR ik VIR AT R TR (EL ALY A B (X A 98 20 S AL, S RE AR 6 5 A 1% < U A 0 24 O 4 T B D 60% ~ 80% , FE IR 3 N
100% , #1L K AEIEE A 3.83 ~6.40 KV, AT LA 8" Toll 7 45 B0 43 1 , 26 W1 JC G 245 70 1 0 57 4 Jm A K 2 B BE 57, i T 1k HMX R
AP 5 %R WY ARG, 5 in 5 T G 4 00 LR HE — 2P R I, > SR TR R 45 0 & 0 20% I, HMX B 60 45 4 TR 1 e 24 19 43 o Jek
BE/NT 10% , BE B2 BE /N T 30% , WoR BT AL TR & 4 24 4 BN L L2 e 2 8K 5 b, BAR @50 mm p Bl 4R 4 & 1k 4 25 7] LA
FH 87 Tl 75 A T A R, ARG A MR R U, Ut R A R M e g

KGR : BImACIEL s Wl Lotk BB ERRE: MohhE
HESZES: T55; 0389 MNEIRERD: A
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