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Table 1 Formulation of Al/CuO thermite

@ m, / mg Meyo / Mg dispersion solvent (N/A) / mL
1.0 184.4 815.6 5

1.4 244.2 755.8 5

1.8 289.3 710.7 5

Note: ¢ is the ratio of fuel to oxidizer. m,, is the mass of Al. m_  is the

weight of CuO.
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Fig.1 Schematic diagram of the combustion experiment of
Al/CuO thermite in quartz tubes
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Fig.2 Morphologies of Al/CuO thermite without La,O, and with 30% La,O, and element surface distribution of Al/CuO thermite

with 30% La,O, under the condition of ¢=1.4
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Fig.3 XRD result of Al/CuO thermite without La,O, and with
30% La,O, under the condition of ¢=1.4
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Fig.4 Burning-rate results of Al/CuO thermite with and with-
out La,O,
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Fig.5 High-speed photography of the flame propagation process in quartz tubes
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Fig. 6 Ignition temperatures of Al/CuO thermite with and
without La,O,
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Fig.7 Results of peak pressure obtained for Al/CuO thermite
with and without La,O, doped
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Fig.8 DSC curves of Al/CuO thermite without La,O, and with
La,O, under the condition of ¢=1.4

F2 FHETH(9=1.4) T A La,0, 8 4k ik Al/CuO 3 1Y
Pt hg
Table 2 Thermal properties of Al/CuO thermite with varying

amount of La,O, under the condition of ¢=1.4

La,O, doping initial reaction peak heat release

amount/% temperature/ °C  temperature/ °C /[ ]-g”'
0 576 621.4 1540.5
2 524 605.1 1772.8
5 525 586.3 915.2
10 532 595.3 865.5
20 525 586.2 821.4
30 533 585.5 695.6

M4k A1 ORI X R Y AR R B R 621.4 °C 1%
A3k B ALRYIE B3, BT LA XA R X 1 AL/CuO 1Y [
AL R . B 2% 2% La,0, 1Y Al/CuO 43 #45] DSC
Il 4R AT AW 55 3] 2 A e B e, X 1 ) U (VL BB i
605.1 °CH1669.3 °C. 55—~ W Xf N [ AH 1k 2 =0,
55 AN W N R AR A 2E RO . TRl e ER 2 T LR
F,#B4% La,0, 1 Al/CuO 5G] & A= [ AH 16 27 5 i)
R R RE RN U (B R BE X B AR T R B 4% La,O, 1
Al/CuO 8 #H] . 4 La,0, 1B 4 & KT 5% i, ¢
660 °CAb BE i L5 FI) B 8 Y ALK il Wi #0005 9L 3 R F
660 °CHY, 7E DSC i £k I n] DL X0 B Eb 4 Bl 55 A &1 -V
FHAL A SO W . 26 2 A0 ARG R BSE B TR R
R 1 R 35, AL/CuO R AR I i R 1540 )-g7', 1B 2%
2% La,O, 1 Al/CuO #1772 )-g7 M L
KBEBEK T 151%.

La,O, [/ F 48 28 Xf N W) A — 7 19 43 BVE L vl
ok VK [T A b 27 B I B R 46 VLR L DA T 42 /& AL/CuO 55
PF Y A B 1B 4% 2% La,0, 1 Al/CuO 47 #15]
AT BT Tt o 35 4% A0 4k S 18 oK 2 38 i 1
N Lk
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Fig.9 XRD results of products of Al/CuO thermite with 0%
and 30% La,O, at ¢=1.4 from DSC experiments
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4CuO + 2A1,0, = 4CuAlO, + O, (3)
La,O, + ALLO, = 2LaAlO, (4)
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Reactive Characteristics of La,0,-Doped AI/CuO Thermite

CHEN Zhi-yi''*?, SHI An-ran'**, ZHANG Wei'**, SHEN Rui-gi'*’, YE Ying-hua'*"*

(1. School of Chemistry and Chemical Engineering  Nanjing University of Science and Technology, Nanjing 210094, China; 2. Micro-Nano Energetic Devices
Key Laboratory of MIIT , Nanjing 210094, China; 3. Institute of Space Propulsion , Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: To investigate the effect of doping La,O, on the reactive characteristics of Al/CuO thermite, Al/CuO thermites with
equivalent ratio(¢) of 1.0, 1.4 and 1.8 doped with different content of La,O, were prepared by mechanical mixing method. The
samples were characterized by scanning electron microscope(SEM), X-energy dispersive spectrometer(EDS), X-ray diffractome-
ter(XRD) and differential scanning calorimetry(DSC), respectively. Combustion and gas production performances were evaluat-
ed by using flame propagation experiment, T-jump ignition and pressure cell test. The results show that the initiation reaction
temperature and the peak temperature for the Al/CuO thermite doped with La,O, were significantly lower than those of Al/CuO
thermite without doping La,O, at ¢=1.4. The heat release of Al/CuO thermite was 1772 J-g™" when 2% La,O, was doped, which
increased by 15.1% compared with that of the undoped Al/CuO thermite (~1540 J-g™'). The combustion rate of Al/CuO thermite
with 2% La,0, was 90.8 m-s™' at ¢=1.0, which was 46.7% higher than that of the undoped Al/CuO thermite (61.9 m-s™). The
ignition temperature of Al/CuO thermite was also raised when La,O, was added. It is suggested that La,O, improved the gas pro-
duction performance of Al/CuO thermite to varying degrees. The peak pressure of Al/CuO thermite formulated at ¢=1.0 and ¢=
1.8 increased by 34.5% and 13.7%, respectively. The effect of equivalent ratio at ¢=1.4 on peak pressure of Al/CuO thermite
was unclear. The combustion results indicated that doping La,O, will alter the flame propagation mode of Al/CuO thermite. The
combustion state was observed to be changed from deflagration to slow combustion with the increase of La,O,. The inclusion of
La,O, in Al/CuO thermite is suggested to be used as a means to control the propagation velocity and energy release.
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