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a. schematic diagram of experimental device

1. sputtered Al
cycle

2. sputtered CuO
b. multilayer coating process diagram
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Fig.1 Schematic diagram of magnetron sputtering

3. Al/CuO composite energetic film
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Fig.2 Comparison of energy density between several typical

energetic film materials and two conventional explosives
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Table 1 Theoretical Al/CuO thermite characteristics: heat of reaction, adiabatic temperature, mass of produced gas and oxygen
diffusivity of the final oxide!”’
tant adiabatic temperature state of reaction gas production heat of reaction oxygen diffusivity in Al,O,
reactants p
/ k products / g of gas-g™ /g /cm?.s”!
2A1+3Cu0O 2843 liquid & gas 0.3431 3900 2.33x107%
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Fig.3 Comparison of DSC curves and heat release of Al/CuO nanocomposite films with different modulation periods and differ-
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Fig.4 Schematic diagram of composite film combustion*’
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Fig.6 Schematic diagram of Schematic diagram of nano Al /CuO energetic composite film transition layer "*"’
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Kwon 454 F 2013 45 3 F Ji A7 2141 6 i AL X G 26
JEHL TG T, DSC R 2r BE R TEM 25 R IE 7 B 0F 45 &
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SERRY UESE T ST A 3 2 LA . R PVD Y
J7 ik T 9Kk Al/CuO F R A, Kl 7a fis
S3 AT 2 B LT 2 R R AR AR A A B TR L B e AR R T
RIRHLZ % 8] CuO 2, B CuO R B il — 24
5 nm i1 Cu-O-ANR & ¥ I £1 B & (IR~ (190 °C)H 1Y
A AT o FE B B R, CuO 3 AR B AR 45
¥,5 nm () Cu-O-ANR G WHE N — 2 BARH B 22
FELES T P2 Z Mk — L9k, 5 i R, 7ok D5
F UL J7 % (Atomic Layer Deposition, ALD) 7£ CuO
2 W — 2 0.5 nm ALO, ¥ B 3 &, il 45 i
Al/ALO,/CuO Z )2, il 7b fir . 2558 %8 0.5 nm
AR AR 2 A T A R B 2 B R T RYE T
i, DSC &5 S 8 78 Al/ALO,/CuO - H B IE T A ik
PR L B 0.5 nm ALO, FEAK T B4 B IR T AY A
JE s i — 2B ALO, R EE S 2.4 nm & BT 2540
B RS 2 B e 0 19 ALO, B 4r T2 (0.5 nm) 4241 T
RHL1F T A0 B9 B0 B B . IR S AR B T P A &
14 Ak 27 P BT X 48 0K B BB R ORE PR B Y B . RS
Carole Rossi 41BN/ 3 F1Z 0F 58 45 S, 78 Al/CuO i JIE
TR S I HC A 25 43 94 7 40K AL/CuO & BB A2 & W IR 1Y)
2R M RE -

Nicollet 55°°/ F 2017 4E 42 H T — Fh 3k F 5 1 5
YT HORM A e AL, BRI 5 CuO B %8 5 i
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Az BN, KB TR BE B R R 5T 6 3 i g
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Fig.7 Study on mechanism of Al/CuO transition layer'®*
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T A B8 A= R 25 A, s e 1 5 T A e Ak Y i 51 dn
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Z S o B — RS R A AE 2 350 CI L 52 1 5t
A 34 B, DT I 3 A8 A 38 ) S, TR 500~600 °CZ

] %2 A 5 R AR SRR AR R AR B,
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Fi7E 200 CLL I, AR LA K,
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Fig.8 Schematic diagram of self propagating combustion model”*’
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Ti, Zr) B UM 4548 (HL 25 f R fe e M . R B SR T 32 2
it M—O,, B T8I M—Cu 4 J8 B %1/ O J5 1 .
CuO JEFH M JEFH R . M—O,, 1 M—Cu B 1) 45
Pl R B —H AE B R EEAEH . Zr/CuO(111) &
& R B RE B L T AL/CuO (111) 4 b kg 78
T RE fe A , W] AI/CuO (111) & & F R e fa 2 (1K
R.OEHATERRNEFE FEREETE D,
20184, HoR 4y 3 12 DK BB T =il T ah
K Al/CuO 7 R 5 G i REE A S T8 s 1 o 2 R0 s 1 e
R IR J5E S I AR R R AR A BRI HE R R it
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T2000 KB, 4 J5 - JF i ) 4 & 40 2 Th B R ATE
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SRR BN SR AT BRI R s B, Ml AR

(i) %) ¥ 3 2 i A 9 52 ), 3 AT BB R RS 4 B i AR
SRR . BFFR AR T Wl T A &R, — & ke
25 4047 5% ) AL/CuO 90 K kL 1R & W) 1Y U8R Gk 7
S AR s R BER AL AR R B R T R SR
S SO B L Y ORL 2R R T T R o AR R 3R
(~10" Kes™") I, B8 45 X5 BA B8 1 52 Wil LL 2 &% T A fn
PR (~10° Kes™ B K. TR, S H B/
F 50 nm ) CuO 4K hi T, Be i il g 2 5 80k K E
R 2 RN D CF R 2] ns Y ), AT DU 28 ' 24 W Y ik
FEAIREE . AERIR IR AT S0 A EE SR A
NEAE AL/CuO BRBE it 72 i i 4 FH o 38 3 458 2R AH 2 N
oK, R R A PR HL AR B B e - T RN R
KA EE S RS R (1~2 ms) A 24, 3X 8 T & 18 5 K By
B AE P B AL T WA A AR B

Tichtchenko 25 F 2021 4E X 8% 2 IR Al/CuO
R R AT T ES TR . TEAEA 2R T S AR
T 2D AEFRASRLAL IR UFSE T AI/CuO W P
N AT AR AE IGO0 o BB 5 M M AF 9 1 S N i
FRAE 23 (8] AR A RO M B 1 R BSOS 1 DL K K AT I
B RH X T 5 Ny T T R T B v YAk o 3 ek R KON
JE B o) 7 4 YAk B R T — R A B S N R
WYAE SN 58 BT 28 2 i 7 AR AGE RR I 5 TE . ETE
KARATF R WP HOE L RE (E) Z 00, % F 125 kJ-mol™
B S5 I W0 E, , it S 25 1) Wi s Js 1 T 3 B8 114 SO0 0% B o
e JE EAE T RXRPOET Y 2D JE RS A B FE B 5T R /A L
W S T B 4 J S i ) % RO 4 T R BT O
JE BB LT KA RTHT e 8L . BEALEE SRR W, 4 s UkL
T2 A e B B BRI O H i S AR A B T 0 A
TR . SR, 4 kR — DA e — e R
RIS S QU IR B i O R YR B T M R (N =B/ €7
TR [R5 4 ) B B R X R AT 5T 40 K AI/CuO
T RE S A TR ) S B R DL S s s R Y —
2%,

4 EFHKAICWOEEHESHERN NS

F T 20 K 0 B0 BE R S IR O L 9 R B A
I, H5 HC R T L g 25 R B 2R B T LA BB v i
T FAOR N Z R AR AT SR I TR S
oy LB MEMS 25 01 19 48 180, A7 A1) T 52 B fE a1 3
B /INELAR DA I 4 K AR AR BB A2 W IR A KT
KOV R B 25 T7 A3 T 2 (R T . I AR BIFSE
# X Al/CuO &5 WIS A5 K A% B L #EAT T R A F
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TR A BB R . 25 K 48K Al/CuO
TREE A WS 2 AR ARG TR B R S AR
JEWESE 1A% RE i KRR 1Y R KO BE R R KRB T L TE
RUKTAIBRA 4 mm B, 3% 8 e A% 1 BE 8 50 RA 4l a2k
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Fig.9 Schematic diagram of preparation process of MIM-AI/CuO energy exchange element”!
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SRR BN SR AT BRI R s B, Ml AR

PR i 5 7 5 B CuO J2 50 I8 J32 00 8 o i g I = 22
Ji AL S 5 B8 v T AL 8 A 7E 7T DS DR RE Y AR
FHCEREE D 0 CuO B i S iy i B H Bl 2
T2 CuO M, Ol J5 82X 94Kk Al/CuO & RE R &
IR ) BOWL R 3 2 ot 2 AL BRI T AR AL T R S %

¥ 6 e %7 F 2019 4 ff FH #E 7 0 G B R
Al/CuO T HEWERE 5 Ni-Cr i i & k2 G il & T —
Rk B (9 Ni-Cr@Al/CuO #lE S RETLF, #2751 Ni-Cr
VR e KA Y 28 xR MG KBTS o 1 Ni-Cr@Al/CuO
Bl BE TR R ) LRI AR B RE T, T DUAE y fie B 5
8 R A5 K TT A, DT 15 A A K 27 3 5 24 R R Ak
& e oRk . AT 1 AT W5 min % 4k HL & KO
JE RS KRR T 25 SRR NI-Cr@Al/CuO & & Rt
PR 1T AT W5 min 2 VEBOR 22 BEH & 5 Al L
SR B/KNO,, IF HSZFL 1 mm A4 [A] i 5 k. Shen 25173
I g e 55 1) 7 20K AL/CuO 9 oK 52 &5 e vl IR 4R
HE A R 2 B VR B B (Nichrome Bridges,
ENCBs) I, il & 17 P Ff v A2 /5 Al/CuO 5 R 81 5% 17
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HA 28T H I 25 A T ENCBs /2 44 25 14 R 2R 5 P
DA R AE i 25 R 1y s ki 7 o TIEWT T ENCBs 7E % i
R R R T B o B R R PR IR B
PP )08 0 v A% SEE SR IR ] 9 TE S T AT LA S A A
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5 REMERE
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Review on Reactivity of Nano AlI/CuO Energetic Composite Films

SHI An-ran'*”, BAO Li-rong'*’, ZHANG Wei'**, CHEN Zhi-yi'**, SHEN Rui-qi'**’, YE Ying-hua'*"

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

Abstract: Metastable intermolecular composites (MICs) have the advantages of ultra-high reaction rate, high bulk energy densi-
ty and micron critical reaction propagation size. They show broad application prospects in military fields such as micro energetic
devices and rocket propellants. Nano Al/CuO energetic composite films are one of the research hotspots in the field of metastable
intermolecular composites. They are prepared by vapor deposition, compatible with the micromachining process of energetic mi-
cro electro mechanical systems (MEMS), and have great application prospects in integrated energetic devices. The preparation,
thermal properties, combustion properties, reaction kinetics, the effect of transition layer on the properties of Nano Al/CuO ener-
getic composite films, energetic devices (igniters) and their application technology are reviewed, and the development direc-
tion of Nano Al/CuO energetic composite films is prospected.
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