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Effects of Ti Nanoparticles on Combustion Behavior for Al/CuO-based Multilayered Films
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Abstract: In order to reduce the ignition energy of metastable intermolecular complex, a series of Al-Ti/CuO multilayered
films with different mass ratio (10% ~ 30%) of Ti nanoparticles were prepared by suction filtration. By use of scanning electron
microscope (SEM), X-ray diffraction (XRD), laser ignition and differential scanning calorimetry (DSC), the corresponding
morphology, chemical structure and combustion behavior were tested, and the effects of Ti nanoparticles in Al/CuO multilayered
films was further analyzed. These results show that the addition of Ti nanoparticles reduce the ignition threshold of Al/CuO
multilayered films, the ignition threshold of thermite multilayered film with 20% Ti addition is only 21.2 mJ, which is about 36%
lower than that of Al/CuO. However, a large number of micron spherical sintering structures are formed during the combustion
process with the excessive addition of Ti nanoparticles. These sintered structures cover onto the fuel, which deteriorate the energy
release and cause the combustion process decline obviously.
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1.1 SCEgERE

4Kk ALKy (n-Al), FRFREAZN 50nm, FiEf
HAKBH A R A 90K Tk (n-Ti), FrFRkife
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SR A CuO YRR (n-CuO ), #fE
AR ¥4 0.68g CuCl-2H0 (4.0mmol ) F10.15g CsHsO7
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4.0gNaOH ( 100mmol ) FVE G H, T B
Cu(OHY Ji¥E. 10min JEid A EATITE, FIZERAKH
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AR 9 1, 8 : 217 1 3 BYBE/R LM T K 2%
HEA 1 h (250W, 53kHz), 36 n-CuO 438+
IK AR The SR , Ak Al AL-Ti
AYECR I CuO S8, 8 i i) )y sRAac B it RUE
PTFE JE[E |, FL2s T4 12h, 1533 3 F AL-Ti/CuO &
JEERE ISR AR A AVCuO I Ti/CuO &2
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Tab.l Formulations of multilayered films

BRI x1% wal'% wii/% wewo/%
Al/CuO 0 22.0 0 78.0
AI90-Ti10/CuO 10 20.1 2.9 77.0
AI80-Ti20/CuO 20 17.4 5.8 76.8
Al70-Ti30/CuO 30 15.1 8.6 76.3
Ti/CuO 100 0 273 72.7
CuO
ALTi/ CuO
B

1 AI-Ti/Cu0 BEERHI&RIZTEE
Fig.1 Schematic diagram of preparation process of
Al-Ti/CuO multilayered films

1.3 SEIFAERMIR

K KA 4% ( FE-SEM, Ultra 55,
18 ) XFIEAREn-Al, n-Ti, n-CuO N&ZHEIT T
FRIERDC R T . R XA ATHHMX( XRD, X Pert
pro, fif =% ) 43Hr &)= WA S A gy . R
MFSC-10 FAEOERS (1 064nm ) X8 2 isks dh ik
TREOEE JGRTS, A9 n-Ti B0 AVCuO B2
RO ERBIAR, OGN 24.12W/ ent?,
FRRIURE 5mg, Ff5#id Photron VEO410L =il
TE 640x480 4392 . 3 000 FPS SFAEZ K2 100pum BG
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(f) AI80-Ti20/CuO
EDS figii

B2 JRRIANAI80-Ti20/CuO & ZHEA SEM-EDS &
Fig.2 SEM-EDS images of raw materials and
Al80-Ti20/CuO multilayered film
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(1) XRD FINEL 3 s, & 3 A1, Al-Ti/CuO &2
W AL, Ti. CuO MRS 54 B ARIE R v
FHVCHC ( Al, PDF# 85-1327; Ti, PDF#88-2321; CuO,
PDF#48-1548 ), HATHIGMIN BRA IiFs, KABZ

(e) AI80-Ti20/CuO

(d) AI80-Ti20/CuO
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3 3MEBEERA XRD
Fig.3 XRD images of 3 kinds of multilayered films

2.2 BRBATAMR
RE n-Ti &8 AL-Ti/CuO 22 I A 5k
B RUNE 4 Frs.

11ms | 13ms
333 mJd

10ms | 13ms
30.3 mJ|
(c) Al80 Ti20/CuO
0ms 4ms 12ms | 17ms | 20ms
12.1 mJ|

( d ) Al70 Ti30/CuO
113ms

(e) Ti/CuO

E4 ARETi 2EBEEROBLEARBR
Fig4 Laser ignition photos of multilayered films with
different mass ratio of n-Ti

H & 4 AT L, AI/CuO B2 RAEHOEINZL 11 ms
AR P EE S KA, BUKIBIESA 33.3m), #RkE
FREEHAILE 40 ms . A190-Til0/CuO 223 EAE 10
ms PBEASUR, SR(E R 30.3mT, AL A/CuO %
ik T 3mJ; A180-Ti20/CuO 2L Tms B SR,
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SUKIRE R 21.2mT, A AVCuO BT 24 36%
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Fig.5 Variable temperature simulation curves of 3 kinds of
multilayered films
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Fig.6 UV-Vis-NIR curves of multilayered films with different

mass ratio of n-Ti
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Fig.7 DSC curves of multilayered films with different mass
ratio of n-Ti
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Tab.2 Exothermic performance parameters of multilayered
films with different mass ratio of n-Ti

. i BN
o;’ Bif  WEE AR Rl iER g ‘“/ o
° WMEFC PC Mgh dMEPC FC Jdgh €D
0 5748 6459 1131 11310

10 4612 5204 1313 6227 6833 903.8 1035.1
20 4263  500.1 2646 590.8 636.8 7363 1000.9
30 4022 480.5 3465 5814 6344 5752 921.7
100 426.7 488.7 71.5 6340 6757 82.9 154.4

& 7 (a) A1 2 Al AVCuO {UAFAE 1 4Nk
Pug, LRI N 574.8°C; Ti/CuO f77E 2 M)
A, 2R 1 IR R IRIRLE S 426.7°C, VR
1k 71.50/g, WIRERMT n-Ti F£ZMELZE KL
PUFFELI, 3 Ff ALI-Ti /CuO B2 MR L 44
B2 AR, I, 55 1 ORI I R B T AR
402.2 ~ 461.2°CZ [a], iR AE 131.3 ~ 346.5 J/g Z [,
B2 KF Ti/CuO Jigir: (71.5)/g ). iXJEmH AL-Ti &
LAV I B, X — AR A A
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Fe Ti/CuO KL T ALTi &4 .
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Fig.8 XRD images of combustion products
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Fig.9 XPS images of combustion products
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453.2eV 4 Mg, Hirh 463.9eV Fl 457.98eV AbHIFHIE
WEZRBHF R AEAE TiO, 453.2eV AbIISS A BENIX 1Y
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SHIFEAE . XFP AT A& LRV 402.2 ~ 461.2 °C
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L
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Fig.10 SEM-EDS images of combustion products
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mJ, {{Ch AVCuO s K BIEY 63.6%.
(2)Al70-Ti30/CuO ZJZE RO K K
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