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PIEIBL, BO M I 2 PO Rb e LT 5 28 58 W UL 65 N oK
KE A G0, MG YE LR T 7K,
e A5 1) -4 ) 22 A 5 0 0, T A X i e {5 e T
X'Pert Pro XRD ¥ #% , faf == 1A 44 B} ; Quanta 200
FE-SEM, fif 22 FEI; TG-DTA [a] 4 # 43 ¥ AL , 18 &
NETZSCH ; & = #b , & IR s 4 A sh E o X 2 3
1, B RERL K
2.2 AIMoPMFEEMAMF &

1 T 1 4 00 B R (2 B2 /T 0.5 mm) R4S e K F-
IR B R R E e B R (R A
<6.67-107" Pa), i i ¥4 15 i A8 Fe % ok 2le A2 4 i 2
o LIRS W — /NI EGRE N 6~7 kW),
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IO, BB A BRI il LS R R K B X R
17 B AR ALE I R B 9, IR S BB I ] 2 5 h, 1
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Fig.1 Schematic diagram of the internal structure of the car-

tridge

1—crucible, 2—cotton thread, 3—ignition wire, 4—ignition
electrode, 5—windshield, 6—oxygen channel, 7—insula-
tion board, 8—fixing screw, 9—exhaust valve
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Fig.2 The XRD patterns of pure PMF, Al/Mo 80/20 alloy
powder and the mechanically milled Al/Mo/PMF composite

powder

3 R HLBEER B 19 Al/Mo/PMF 72/18/10 . Al/Mo/
PMF 64/16/20 & & ¥ A B SEM [E J X} 1 ot F 1 EDS
RET , 8BRS J5 52 6 0 R s BROE B AR S JetR 38 i 1
A RE IS K & AE PR 2 6 0 AR R T HR 4 5 434 CLF
JCE, HI%E PMF & B0 K, Bk £ M C FIL X
3.2 AIMoPMFEEMAMEEE JEEERE DT

T WESE PME B 5 6 5245 K R RE = PR BB W 52
SR AR B AU 52 A R R AT D, T 3 BT

Chinese Journal of Energetic Materials, Vol.29, No.10, 2021 (920-927)

a. Al/Mo/PMF 72/18/10

b. Al/Mo/PMF 64/16/20

3 HLBERE 19 Al/Mo/PMF 52 4 K3 K SEM 5] & EDS fig i
Fig.3 The SEM image and EDS energy spectrum of the me-
chanically milled Al/Mo/PMF composite powder

PIE DLwn O RO B e v . 31 B T HLAR EK I 1Y
Al/Mo/PMF & &y AR 1 BLE 115 A S g e ks, b
IS T B E 2 5 T Al/Mo 80/20 4 4 ¥y A . PMF i Fi
B REES A B B SR e 5 R LAFH L ) o o A Bl
& PMF & 2 1 Tt =, XN &2 A B R B K B ks 18 i [
%, PMF B B BRBe X5 R 10.7 k)= g™, i (1K T 47 1 R Joe
K5V M PMF B 20K S i B SRR E & B R
R E S o

1 HUBEREE AT Al/Mo/PMF & 45 A A 380 S IR 08 4

Table 1
of the mechanically milled Al/Mo/PMF composite powder

The calculated and measured combustion enthalpy

calculated measured
sample combustion combustion

enthalpy /)-g™' enthalpy /J-g™'
Al/Mo/PMF 76/19/5 25628.5 22541.8+223.56
Al/Mo/PMF 72/18/10 24842.8 19989.2+241.18
Al/Mo/PMF 68/17/15 240571 18102.4+£217.34
Al/Mo/PMF 64/16/20 23271.4 16788.5£255.27

P 4 0 MUK BR 5 (1 R[] PMF &5 152 400 R R b it
B XRD E . MWE 4l LA Y PMF &R
5% I, B8 58 BE A5 7= 4 P R I 2K & ALO, K b i
MoO, . MoO,, JE A H g BABE 5E 4 . B PMF 75 &t 1
T, 7= B v B AT R A A AL R TR £ G A IR A
F B 81 Mo,CAHAFTE , A B R AR RRIR SR 52 4, I A
A BB PMF 28 5 MUK BR S 5 HUZ B 4 78 Al/Mo 80/20
B 4 W R UKL 2 1T, PMF 18 i 30 i 72 v 45 72 A 40 it
FEA R B AL G Y, WO R A I A S Al
KM RN A R ATF T I s R 28 7 380K 35 187 B9 Mo T
A2 5 Bl Ak AN T JE B Mo, C , BH RS J50URL N 358 45
1 i — 20 84
N Lk
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Fig.4 The XRD of condensed combustion products of the
mechanically milled Al/Mo/PMF composite powder
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BRFAT A Z LT, I C L O A5 ZEA R UL, mT LK
AN TF PMF & & 5 G ok A 76 B8 b 1of B8 b i S8 A S
AlF, 5 MoO, A i, 12038 7 W Bl I 38 ¥ Bk 46 1 1 s

A8 B L AR

Al/Mo/PMF 76/19/5

a. b. Al/Mo/PMF 72/18/10

c. Al/Mo/PMF 68/17/15 d. Al/Mo/PMF 64/16/20

Bl 5 HLBERIE 19 Al/Mo/PMF & 43 B3 A5 K 5 Mk e = 1 5 1 14

Fig.5 The physical image of volatile combustion products of

7 62.08:20.69, tLfE 237 3: 1, T EDS BB IG5 19 the mechanically milled Al/Mo/PMF composite powder
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g
2 " AMo
g
0
F
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6 HUIERIE Y Al/Mo/PMF 64/16/20 5 & 4y A48 S A5 MR BE 77 1) SEM [ & EDS fig iif
Fig.6 The SEM image and EDS energy spectrums of volatile combustion products of the mechanically milled Al/Mo/PMF 64/16/20

composite powder
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Table 2 Related data of constant volume isothermic combustion experiment of the mechanically milled Al/Mo/PMF composite

powder

sample Al Al/Mo 80/20 Al/Mo/PMF 76/19/5 Al/Mo/PMF 72/18/10 Al/Mo/PMF 68/17/15 Al/Mo/PMF 64/16/20
mass / g 0.202 0.236 0.2668 0.3016 0.3324 0.3581

combustion enthalpy /J-g™" 29879.3 25556.9 22541.8 19989.2 18102.4 16788.5

total heat /) 6035.62 6031.43 6013.34 6029.44 6016.65 6011.57

Punax / MPa 3362 3.413 3.430 3.435 3.461 3.513

K7 R ALES L Al/Mo 80/20 4 45 # A Ke ML B BR 38
1) Al/Mo/PMF & & 3 A 1) 5 75 4 AR b 15 g il & .
ME 7 e RLE Y PMEF A9 38 I 6E I 5 4035 0 R 1 34
FERLR , 251 Al/Mo/PMF & 4 F53 AR SR B8 i X 107 1) e K
JE T Al/Mo 80/20 & &k K, HEEE PMF & &1
B, 3 AR ORI 2 PMF 5 R3] 20% B, 3
SR B Fe K58 M 3.513 MPa, el ALK 5 4.49%.

Kl 8 Fz e T WL ER B 9 Al/Mo/PMF 5 & ¥ K 5
Al/Mo 80/20 & 4 ¥y K W A (1 X LLAS L , 24 PMF

=8 —A ——AlMo 80120
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36} ——— AlIMo/PMF 68/17/15——AUIMo/PMF 64/16/20
o 34}
=
= 32t

30}
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time /s

B 7 ALK Al/Mo 80/20 & & Hi A B AL ER I 1) &
BEAF TRIRR I T 26
Fig.7 The constant volume isothermic combustion pressur-

A ARE

ization curve of Al powder, Al/Mo 80/20 alloy powder and
the mechanically milled Al/Mo/PMF powder
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AR RE 4 3 T 1R RE X L ]
Fig.8 Comparison of energy and pressurization performance
of Al/Mo 80/20 alloy powder and the mechanically milled
Al/Mo/PMF powder
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T A B BT R R AR T B BT R 2R X PMEF
(49 43 fifk , e T 1 B R O S 458 R U0 XoF o7 ASCAS Y e
R R T ARG R . R N A #1300 °C
i, ) IR A 9 Al/Mo/PMF 76/19/5 . Al/Mo/PMF 72/
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P 1 2B K 1 I T M
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— AlIMo/PMF 76/19/5 physical mixing
— Al/Mo/PMF 72/18/10 physical mixing
— AlIMo/PMF 76/19/5 ball milling
—— AlIMo/PMF 72/18/10 ball milling

981 C
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temperature / °C
a. DTA

—— Al/Mo/PMF 76/19/5 physical mixing
—— Al/Mo/PMF 72/18/10 physical mixing
—— Al/Mo/PMF 76/19/5 ball milling
——  Al/Mo/PMF 72/18/10 ball milling

X
o 31.8%,
O
=

0 200 400 600 800 1000 1200
time/s

b. TG
B9 WELIR A 5 ML ER B 1 Al/Mo/PMF 76/19/5 . Al/Mo/PMF
72/18/10 # K DTA TG i £
Fig. 9 The DTA and TG curves of Al/Mo/PMF 76/19/5,
Al/Mo/PMF 72/18/10 composite powder by physical mixing

and mechanical ball milling
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Fig.10 The XRD of the mechanically milled Al/Mo/PMF 76/
19/5 composite powders annealed at 650, 900 and 1200 °C
in O,
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energy / keV

annealing at 1200 °C
11 HUEREE A9 Al/Mo/PMF 76/19/5 8 A8y K 1E O, 24 T 43 51F 900, 1200 °CiE K J5 724 SEM ]
(b Sk ] a9 Ry i R BT, 1] ¢ Ol [ b HE P Ry B 0K 1] B B J5i ks EDS RETR , 16l e by [R] d AE P4 SR 3 R 1)

Fig.11

The SEM of the mechanically milled Al/Mo/PMF 76/19/5 composite powders annealed at 900 and 1200 °C in O,

(figure b is a partial enlarged view in the white frame of figure a, and figure c is a partial enlarged view of the particle surface in

the white frame of figure b and the EDS energy spectrum, figure e is a partial enlarged view in the white frame of figure d)
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Preparation and Characterization of Thermal Oxidation and Pressurization of AlMo/PMF Composite Powder

XIA Bin, CAIl Shui-zhou
(State Key Laboratory of Material Processing and Die & Mould Technology , The School of Materials Science and Engineering » Huazhong University of Science
and Technology, Wuhan, 430074, China)

Abstract: In order to obtain the metal alloy composite fuel with pressurization effect, Al/Mo/PMF composite powder was pre-
pared by a combination of vacuum suspension smelting, ultra-high temperature gas atomization and mechanical alloying. The
phase, morphology and thermal properties of the composite powder were analyzed by XRD, SEM, TG/DTA. The combustion en-
thalpy and pressurization properties of the composite powder was measured by oxygen bomb calorimeter and constant volume
isothermic combustion experiments. Results show that PMF distributes homogeneously in the composite particles after mechani-
cal ball milling, which is helpful to improve the thermal reactivity of the powder and advance the initial reaction temperature.
The extra pressurization effect was obvious due to the production of AlF, and MoO, with low boiling point. The extra pressuriza-
tion generated by the combustion of Al/Mo/PMF 64/16/20 composite powder was 4.49% higher than that of pure Al powder.
With the increase of PMF in the composite, the combustion enthalpy and combustion completeness of the composite powder de-
creased. The measured combustion enthalpy of Al/Mo/PMF 76/19/5 composite powder was 22541.8 J-g™', while the measured
combustion enthalpy of Al/Mo/PMF 64/16/20 composite powder was 16788.5 J+g™'. When the PMF content was 5%, the com-
posite can burn completely, meanwhile the extra pressurization can be presented effectively. The corresponding maximum pres-
sure was 3.430 MPa. In addition, the oxidation process and the mechanism of Al/Mo/PMF 76/19/5 composite powder were also
studied.

Key words: Al/Mo/PMF composite powder;thermal performance of PMF;pressurization performance;oxidation mechanism
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