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BREEHLABRES 2 h, BB L 10: 1, 3% 250 r-min™', 4%
BRES J5 M AR 4y B R R Uk TS & AR B AUNTZ &
Y. HIRFREL3.890 g AP, K H B F %64 50 mL LK
LA FENELS T K FiR 6.110 g BREE 5 (1) AI/NI
EEUMAMABIIAFE MR T . RIG R ZA T
B E T AR AWM R R AT IRE G T
#7155 AP@AI/NI & A8k

F1  APAI/NIZEY AVAPIREY Ni/APIREG Y M AP@AI/NI
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Table 1 The compositions of AP, AlI/Ni composite, Al/AP
mixture, Ni/AP mixture and AP@AI/Ni composite fuel

mass composition/%

samples

Al Ni AP
AP - - 100
Al/Ni composite 31.4 68.6 -
Al/AP mixture 32.89 - 67.11
Ni/AP mixture - 51.83 48.17
AP@AI/Ni composite fuel 19.24 41.86 38.90

Al/AP Ko Ni/AP IR & Wil & : 73 IR EL 3.289 g Al
6.711 g AP #15.183 g Al 4.817 g Ni, I H & T #F
B, SR FHAILACRIF S 1 7 =X 43 S0 B B A5 51 AL/AP IR &
PIAINI/APIR AW .

2.3 MEBEERIE

K SEM WS 5 6 W 454 S R ETE S, LU AT 22
SR i B R 15 kVe SR TG/DSC [R5 #47 Hr
Ao BT RE S R B e bEBE . I A R IR R
G0, FERL R 1 mg, FHEE F2 53028 5.10.15 °C-min™
120 °C-min™, i EEE B 2H 50~450 °C, AR
50 mL-min™'. >R F 405 & PRI 1 R 0 S A,
FESh R 2 mg B AR K22 SR 3.0 MPa @ <o
24 HAFIHEER

% H Friedman 325" 1 CKA 27318 AP 43 8 )
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hg SR BE L °C 5 () I HLEE PR B A A e . T
Fo B AR, fa) Ry 50, B A] ST R AR 5 T AL
RERY K 3R .
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Fig.1 The Gaussian fitting curve of heats of reaction of

AP@AI/Ni composite fuel
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Fig.2 Surface morphologies of raw materials, Al/Ni compos-
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Fig.3 The TG-DTG and DSC curves of AP, Al/AP mixture, Ni/AP mixture, and AP@AI/Ni composite fuel
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£2 AP AI/APIRAY NI/APIRA Y K AP@AINI & AR TG-DTG . DSC B A3 il FR il 2 54
Table 2 The parameters of TG/DTG and DSC curves of AP, Al/AP mixture, Ni/AP mixture, and AP@AI/Ni composite fuel

samples T./°C T,/°C ML/% T/C L /% min™ T /C AH/)- g™
AP-1* 279.6 302.5 26.0 296.2 -18.2 297.9 341.4
AP-2" 333.4 430.7 67.3 414.1 -19.5 398.7 536.1
Al/AP mixture-1° 273.2 316.2 14.6 295 .4 -6.9 295.0 53.4
Al/AP mixture-2" 318.1 369.5 50.1 352.8 -21.0 354.7 646.1
Ni/AP mixture 246.8 324.4 35.3 315.6 -18.7 318.6 952.3
AP@AI/Ni composite fuel 289.5 339.5 23.5 321.5 -12.3 321.2 1621.6

Note:

i e

temperature of maximum mass loss; L

max *

and 2" mean different decomposition steps.

1 A AT S 2 AR AP I R IR A i, BLR R B DSC
Mk b AP 1 5 T 2 A 04 T R IR 3R A, 3 3 o0 5 (I T
O3 R G O O — AN ORI . o 1) NI/AP IR & 0 1Y
S IR 318.6 °C R H IR 315.6 °C R W21k
TELE R 324.4 °C M L2 AP 3 I FEAR T 80.1.,98.5 °CAl
106.3 °C, #i R U T % i 2 T+ 9% 2) AP@AI/NI &
B R 23 R IRl 321.2 °C LR FIETE M 321.5 °C .
Fo 21k Ui BE R 339.5 °C, M Lb 4l AP 43 S FE AR T
77.5.92.6 CH191.2 °C, i R WETH 2K , & 32 T = ik

the maximum mass loss rate; T,

T., the initial temperature of thermal decomposition; T_, the end temperature for heat release; ML: the mass loss of thermal decomposition; T : the peak

P
) the DSC peak temperature of thermal decomposition; AH, heat release; 1

SAE IR AP IR A i 0 A R TR Oh 3

FEF UL AP O R HEF T S5 0 AN Z & P Xt
AP 1 e i o3 B A S5 A A D LA A O B A
TEER T HE—H(AIBND . A GEA Wy
T« B 06, N LA L 2 T B ) 1 4 L B AN
W LA v AR 1 s K, AN A W 7E BRI 2o 72
HOE B K it 3 T R HE— 2B 1 N 52 A A R
SR F I 5 AP 2 il A0 R B 5 AH 7 1 A B RO
PLAI/NI & G R 0 E AR 2 — 2R ik 4 ) 1)

84.8% (L HN N Ni 5 668.7 J-g™) o HIILTT UL, AN BFRE AR SRR IE 0 > FIAR 2 45 3R (36 3), B

R3O UIREER F] B A R BRAE T T AP BB i DSCHRIE 2 4L

Table 3 The parameters of DSC curves of AP composites with the effect of different catalysts under Ar atmosphere

exothermic peaks at the heating rate of 10 °C-min™' under Ar atmosphere

samples references
7,/°C T.,/T,,/°C AH/)-g™! T,-T,/C
Ni/AP (5%, 50 nm) 312.7 326.6/364.3 1320 13.9 [24]
Ni/AP (10%, 50 nm) 321.2 355.0/none - 33.8 [24]
Ni/C/AP 295.3 308.0/402.0 - 12.7 [25]
AP/n Ni/Co (1%) 259.8 275/300 - 15.2 [26]
AP/n Ni/Cu (1%) 261.3 279/325 - 17.7 [26]
AP/nNi/Zn (1%) 262.4 280/336 - 17.6 [26]
AP/nNi/Cu (5% ,45 nm) 285.3 296.5/336.8 1200 11.2 [24]
AP/nNi/B (5% ,30 nm) 309.2 318.0/418.3 570 8.8 [20]
AP/nNi/Cu/B (5% ,40 nm) 304.2 308.9/331.1 1290 4.7 [20]
AP/TAG-Ni 281.5 308.3/344.7 1398 27.8 [27]
AP/GT-Ni 301.9 313.9/355.0 1367 12.0 [27]
AP/CNTs-Ni 289.6 351.9/none 1066 62.3 [28]
AP-1% 276.5 297.9 341.4 20.6 this paper
AP-2" 330.3 398.7 536.1 63.9 this paper
Al/AP mixture-1* 286.4 295.0 53.4 15.0 this paper
Al/AP mixture-2" 331.4 354.7 746.1 24.3 this paper
Ni/AP mixture 292.2 318.6 952.3 26.4 this paper
AP@AI/Ni composite fuel 301.5 321.2 1621.6 19.7 this paper

Note: T, the initial temperature of thermal decomposition; Tors the peak temperature of the fist thermal decomposition step; T the peak temperature of the sec-

ond thermal decomposition step; AH, heat release.
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Fig.4 Non-isothermal DSC curves of AP, AI/AP mixture, Ni/AP mixture, and AP@AI/Ni composite fuel at different heating rates
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Fig.5 The fitting curves of peak deconvolution process of AP according to a two-step decomposition and a three-step decomposition
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Table 4 The thermal decomposition kinetic parameters of AP in pure AP, AI/AP mixture, Ni/AP mixture, and AP@AI/Ni com-

posite fuel calculated by Friedman method and CKA method

CKA method

Friedman method

samples - - fle) - references
m n E,y,/k)-mol™  A/min™ E . ,/kl-mol™ r
AP-1% 0.765 0.733  76.3%1 8.9+1.7E5  3(1-a)[-In(1-a)]** 74.0£5 0.9956 [4]
AP-2™ 0.411  0.975 106.4%3 2.6x1.2E7  2(a'?-a) 110.0+2 0.9709 [4]
AP-3" 0.024 0.527 211.1%2 8.4x3.6E14 (1-a)'? 208.8+9 0.9983 (4]
Al/AP mixture-1* 0.699 0.876  88.9x1 2.9+0.96  3(1-a)[-In(1-a)]?? 90.3+1 0.98174  this paper
Al/AP mixture-2" 0.574 1.02  106.21 6.6x1.2E7  2(1-a)[~In(1-a)]"? 108.0+1 0.99311 this paper
Al/AP mixture-3" 0.831 0.693 100.9+2 1.5+0.6E7  3(1-a)[-In(1-a)]?" 100.3+2 0.97041  this paper
Ni/AP mixture 0.463 0.809 116.5%3 2.4+1.369 3(1-a)[=In(1-a)]?? 113.9+3 0.95256 this paper
AP@AI/Ni composite fuel ~ 0.671  0.698 103.5%1 2.7+0.4 3(1=a)[=In(1-a)]*? 103.9+5 0.99721 this paper

Note: E

a(1)?

r, correlation coefficient.
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Fig.7 A comparison of normalized curves of the obtained physical models of AP composites with the ideal models
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Preparation and Thermal Reactivity of AP@AINi Composite Fuel

YANG Su-lan, NIE Hong-qi, YAN Qi-long

(Science and Technology on Combustion s Internal Flow and Thermo-Structure Laboratory , Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: To solve the problems of igniting difficulty and combustion agglomeration, modification of Al powder by alloying and
oxidant coating was studied. AP@AI/Ni composite fuels were prepared by acoustic resonance mixing technique. The heats of re-
action of the composite fuels with different ammonium perchlorate (AP) contents were measured using a bomb calorimeter. The
morphology characteristics of the optimized AP@AI/Ni composite fuel were analyzed by SEM. The thermal reactivity of AP,
Al/AP mixture, Ni/AP mixture, and AP@AI/Ni composite fuel were comparatively studied by DSC/TG. The effects of additives in-
cluding Al, Ni, and AI/Ni composite on the thermal decomposition kinetic parameters of AP were evaluated by the
non-isothermal kinetic method. The results show that the heat of reaction of the composite fuel reaches its maximum when the
mass content of AP is 38.90%, which is considered as the optimal content of AP in the formula. Compared with Al and Ni, the
Al/Ni composite has the most significant influence on the thermal decomposition of AP, which reduces the peak temperature of
AP in high temperature decomposition by 76.9 °C and increases the heat release by 84.8%. The apparent activation energy of AP
decomposition in AP@AI/Ni composite fuel that obtained by Friedman method is 103.9 kJ-mol™, and this process obeys the
three-dimensional random nucleation and nucleus growth (A3) model.

Key words: Al/Ni composite;thermal decomposition;energetic composite fuel;reaction kinetics; catalytic effect
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