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Fig.2 TEM images of nAl, nAl@Cu (BTC), nAl@Fe (BTC)
nAl@Cu (BTC)/Fe (BTC)

nano-thermite with different number of coating layers

and  core-shell structured
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Fig.4 XRD patterns of nAl,Cu(BTC),Fe(BTC) ,nAl@Cu(BTC)-12,
nAl@Fe(BTC)-12 and core-shell structured nAl@Cu(BTC)/Fe(BTC)

nano-thermite
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65.0°,78.2°F1 82.4°kb ¥ AL F T Al FRAE AT 5T 1 , 43
SR F (111) .(200) . (220) . (311) F1(222) &
(PDF#89-2769). HE 4anfLIFE H ,nAl@Fe(BTC)-12
FE S TE 20=5.3°(333),11°(428),14.2°(088),18.2°
(7911),20.1°(4814),24°(6618) F1 27.7°(9321) ili
BT Fe(BTC) MY FRAEAT 4T 1§ , nAl@ Cu(BTC)-12 1 &
AT I B AE 20=6.68°,9.48°, 11.62°, 13.44°,
19.08°F1 25.94°4b , 5 Cu(BTC) ) XRD {37 & AH X b/ ,
ui W1 F 5% A% D) ¥ Fe (BTC) A1 Cu(BTC) 5 nAl & & .
Kl 4aH nAl@Cu(BTC)/Fe(BTC)-12 44K #G7 f XRD
T [ rp [l s B T ALLCu(BTC) #1 Fe( BTC) By 45 A 137 5
W, 7RI AN KA PG &t ALL.Cu(BTC) M Fe(BTC)ZH i,
1o B ab 25 Rt — WoRMAE W E)JZE N 421302,
U {5 I AE K, & B Cu(BTC)/Fe (BTC) & & 4 i .
FT-IR 1 XRD 45 R 3R W , 38 i) J2 )2 21 3% 7 i vl DA il 25 15
FIR[E] MOF s M FUR [R]85 5 1t 1 9K A8 AR AR

J % %% Cu(BTC)/Fe(BTC) #1 KL XF nAl il 40 78 2%
WLl 5 XPS 6 3% I % T nAl, nAl@Cu (BTC)-12,
nAl@Fe(BTC)-12 fil nAl@Cu(BTC)/Fe(BTC)-12 iy 3
1] J5 20 %, IF X% nAl@Cu(BTC)/Fe(BTC)-12 44K 45
HH P 4T T EDS-Mapping &1, 25 5 4 1 n & 1 A
EI5 R, 21 s Ja OB R C & =t & 7, 1 Al
B RGBS R Cu Fe AT O JG ¥ 5] HL43 Aii 16
AITCERINAMZ X #f i — 2B KB Cu(BTC)/Fe(BTC)# £}
XAl AL BOR B B T B e A% ST A5 R Y
nAl@Cu(BTC)/Fe(BTC)-12 44K 43 #45] ,

[] Bf >R 1T 43 B8 XPS O 4% #F — 25 W 7€ 1 nAlL
nAl@Cu (BTC)-12 . nAl@Fe(BTC)-12 Fl nAl@Cu(BTC)/
Fe(BTC)-12 iy Ak 2441 i AITC Z M 4%, 3F LA C 15=284.8 eV
EIE XPS i, 45 R K 6 iR o AHEEF nALE R 19 XPS
B, nAl@Cu(BTO)-12 4K I T C.O Al HI
Cu 4F170% ,nAl@Fe(BTC)-12 1 XPS B B C.O.
AlFl Fe 4 5% ,n-Cu(BTC) Ml Fe(BTC)-12 4 K 45 #4

K1 AR AL nAl@Cu(BTC)/Fe(BTC) 4K 4 #45)

4 2 THTJE T 2L

Table 1 Surface elemental compositions of nAl and core -
shell structured nAl@Cu(BTC)/Fe(BTC) nano-thermite %

surface elemental compositions

samples

Al C o N Cu Fe
nAl 17.25 53.33 2943 0 0 0
nAl@Cu(BTC)-12 7.44 73.85 16.26 1.12 133 0
nAl@Fe(BTC)-12 6.38 69.07 21.91 1.24 0 1.39

nAl@Cu(BTC)/Fe(BTC)-12 5.57 70.46 20.93 1.15 0.51 1.38
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Fig.5 EDS spectrums of nAlI@ Cu(BTC)/Fe(BTC)-12
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Table 2 Thermal decomposition reaction parameters of nAl and core-shell structured nAl@Cu(BTC)/Fe(BTC) nano-thermite

compounds T,/ T,,/C Am, [ % T,/ T,/°C Am, [ % T,/C Am, [ %
nAl — — — 565.0 630.2 28.8 787.5 35.6
nAl@Cu(BTC)-12 297.5 320.1 -16.3 560.0 607.5 19.0 757.5 24.7
nAl@Fe(BTC)-12 377.5 420.5 -8.9 557.5 610.0 22.4 755.0 31.3
nAl@Cu(BTC)/Fe(BTC)-4 — 450.0 -8.4 562.5 615.0 24.7 775.3 31.6
nAl@Cu(BTC)/Fe(BTC)-8 390.6 447.5 =13.1 557.1 605.1 20.3 762.5 29.0
nAl@Cu(BTC)/Fe(BTC)-12 347.5 395.2 =22.4 552.5 597.5 12.3 735.0 20.1
nAl@Cu(BTC)/Fe(BTC)-16 345.1 387.5 =22.4 542.5 585.0 13.5 722.5 24.4
nAl@Cu(BTC)/Fe(BTC)-20 342.5 380.0 -29.0 545.2 578.0 9.8 712.3 18.5
nAl@Cu(BTC)/Fe(BTC)-30 327.6 392.0 -37.3 575.0 635.0 3.0 — 8.9

Note: T, T, and T are the peak temperatures of MOFs decomposition, low temperature oxidation and high temperature oxidation of nAl, respectively. T, and
P p p

T,, are the end temperatures of MOFs decomposition and low temperature oxidation of aluminum powder, respectively (TG curves). Am , Am,, and Am,

are mass changes based on the two adjacent T,
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T,,» and T, phases, respectively.
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Combustion images of nAl, nAl@Cu (BTC) , nAl@Fe (BTC) and core-shell structured nAl@Cu (BTC)/Fe (BTC)
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Preparation and Combustion Performances of Core-Shell Structured Al@Cu(BTC)/Fe(BTC) Nano-Thermite

SHI Zhe'’, ZHAO Yuan-yuan', MA Zhi-wei', YANG Yu-lin*, ZHANG Jian’, WANG Xu-wen’, LIANG Jia-yan®
(1. China Wuzhou Engineering Group Corporation LTD , Betjing 100053, China; 2. MIIT Key Laboratory of Critical Materials Technology for New Energy
Conversion and Storage s School of Chemistry and Chemical Engineering , Harbin Institute of Technology, Harbin 150001, China)

Abstract: In order to solve the inhomogeneous component distributions and low combustion efficiency in the preparation pro-
cess of nano-thermite, the core-shell structured nAl@Cu(BTC)/Fe(BTC) was prepared via a layer by layer assembly technique.
The structure, morphology, thermal reaction performance (thermite-reaction temperature) and combustion performance (com-
bustion time, ignition delay time, and combustion temperature, etc.) of nAlI@Cu(BTC)/Fe(BTC) were studied. The results show
that the thickness and morphology of the coating layer can be regulated during the layer by layer assembly process. As the thick-
ness of the coating layer increases, the nano-thermite gradually changes from rough and loose to smooth and dense. The
nano-thermite with alternating 12 layers of Cu(BTC)/Fe (BTC) possesses a severe burning effect with a fast flame propagation
rate that reaches the maximum flame within 0.710 seconds. Besides, this sample also achieves a moderate ignition delay time
(0.509 s), the shortest combustion time (2.036 s), and the highest combustion temperature (1425 °C). Meanwhile, its decom-
position peak temperature of aluminum oxidation reaction can be reduced to 552.5 °C and 735.0 °C due to the synergistic effect
of Cu(BTC) and Fe(BTC).

Key words: core-shell structure;nano-thermite; nAI@Cu(BTC)/Fe(BTC) ; layer-by-layer assembly technology; combustion perfor-
mance
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