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Abstract: Super thermites Al/PbO, Al/CuO and Al/Bi,0; were prepared by ultrasonic dispersion process using nano-
Al, nano-Pb0O, nano-CuO and nano-Bi,0O; as the raw materials, and the products were characterized by XRD, SEM-
EDS and IR. DSC thermal analysis method was employed to evaluate compatibility of three kinds of super thermites
with some double-base propellant main components. On the bases of characterizations, the effects of three super
thermites on the combustion properties of double-base(DB) propellant were investigated. The results indicate that Al/
PbO, Al/CuO and Al/Bi,0; have good compatibility with nitrocellulose (NC), nitrocellulose/nitroglycerine (NC/NG)
and N-nitro dihydroxy ethylamine dinitrate (DINA), but they are slightly sensitive with cyclotrimethylene trinitramine
(RDX) and 1, 3-dimethyl-1, 3-diphenylurea (C,). DB propellant containing three kinds of nano super thermites
showed excellent performance of combustion, which indicates that super thermites have tremendous potential

superiorities in application of DB propellant.
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Table 1 Quantitative estimation of XRD testing results and size estimation of n-Al

System Card No. Chemical formula Mineral Quant. / % Size of n-Al / nm

04-0787 Al Aluminum 12.23

n-Al/PhO 29.87
05-0561 PhO Litharge 87.77
04-0787 Al Aluminum 49.66

n-Al/CuO 27.57
41-0254 CuO Tenorite 50.34
04-0787 Al Aluminum 7.15

n-Al/Bi05 33.35
41-1449 Bi203 Bismite 92.85
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Fig.2 SEM images of raw materials

3 R ARGk e A WY SEM EZ
HEDS X738 WK 3, B 3A 1, n-Al/PHO B HHOW
TES LU/ A BRI 2 B, 98K Al Bk A T
R B PhO“ LK h T2 B T 41k 52 & %) A/PLO,
EDS 3 E AL B O Al A1 Ph 3 FPonZE , A HAh
40, 1B 3B T AR AAGR] AVCuO A ULER B R

Pb
Al
Pb Jb\ Pb 25
1 a 3 4 E 6 7 8 9 10 11 12
Energy / keV
A: n-Al/PbO
Cu
Cu
Cu
1 2 3 4 5 6 7 8 9 10 11
Energy / keV
B: n-Al/CuO
Al
H
§
k5
0 1 2 3 : 4 5 6 7 8
Energy / keV'
C: n-Al/Bi,0,
K3 3 FBE SR HGR I SEM B8 )7 H1 EDS 8 X 43 Hr

i
Fig.3 SEM images and EDS spectras of each super

thermites
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Table 2 Evaluation standard of compatibility for explosive and contracted materials

Criteria AT,/ C Rating* Characterization
<2 A Compatible or good compatibility
3~5 B Slightly sensitive or fair compatibility
6~15 Sensitive or poor compatibility
=15 Hazardous or bad compatibility

*A: safe for use in any explosive design; B: safe for use in testing, when the device is used in a very short period of time, not to be

used as binder material, or when long-term storage is desired; C: not recommended for use with explosive items; D: hazardous, do not

use under any conditions
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Table 3 DSC data and compatible evaluation between super thermites and main components of DB propellant

System Peak temperature )

Mixture system Single system T,/ C T,/ C AT,/ C fating
Al/PbO-NC NC 208.64 208.61 -0.03 A
Al/PbO-NC/NG NC+NG 210.72 208.93 -1.79 A
Al/PbO-RDX RDX 230.21 239.68 9.47 C
Al/PhO-DINA DINA 213.54 185.99 -27.55 A
Al/PhO-C, C, 229.82 234.25 443 B
Al/CuO-NC NC 210.40 208.61 -1.79 A
Al/CuO-NC/NG NC+NG 212.33 208.93 -3.40 A
Al/CuO-RDX RDX 231.65 239.68 8.03 C
Al/CuO-DINA DINA 215.18 185.99 -29.19 A
Al/Cu0-C, C, 231.68 234.25 2.57 B
Al/Bi,05-NC NC 208.69 208.61 0.08 A
Al/B1,0-NC/NG NC+NG 210.84 208.93 -191 A
Al/Bi,0-RDX RDX 230.69 239.68 8.99 C
Al/Bi,05-DINA DINA 213.89 185.99 -27.90 A
Al/B1,05-C, C, 230.16 234.25 4.09 B
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Table 4 Burning rate of double-base propellant containing different nano- super thermites
No. Catalyst r/ fmmes)
2 MPa 4 MPa 6 MPa 8 MPa 10 MPa 12 MPa 14 MPa 16 MPa 18 MPa 20 MPa
AT1000 none 2.15 3.59 5.19 6.49 7.81 8.99 9.77 10.38 11.22 12.24
AT1001 n-Al/PhO 5.45 7.6 9.2 10.33 11.13 11.95 12.68 14.01 14.88 16.54
AT1002  n-Al/CuO 3.12 5.1 6.76 8.31 9.51 10.76 11.56 12.69 13.62 14.91
AT1003  n-Al/Bi0O; 3.49 5.33 7.09 8.95 10.71 12.35 13.37 14.78 15.5 16.46
NM0207 n-PbO 4.72 5.84 6.88 7.42 791 8.27 9.18 10.09 — —
NMO0205 n-Bi0; 2.53 3.99 5.48 6.86 8.02 8.91 9.68 10.62 — —
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