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R, F AR T 9 A 300 S A S L R L R
H T e JCIRRURE B i, P E R 52 )

2 HEmHlE

2.1 KF SN

AVERF , A2 10.8 mm, 7 mm, 4l 99.99%;
MoO, #Ikt, H4210.8 mm, & 7 mm, 4 99.99%,
By R UL va B8 M oRHA IR 5 N, &Y R 4 B
afi, g E 2R R KB K, Al ez, BP212,dk
SR R A BE R, EAR 133 em, IR N BT
ENPABEARAF . HFLmZE - fml7 Q,
7D 4.2,

KW - 4A B 5] JiE AL 5 49 4 H B2 (SEM, Hitachi,
$-4800) ; 22 /x 1 & # L (DSC, Netzsch,
STA449C) ; i # 4% % X (Redlake HG-100 K) ;
HM1530-15 Ji bk e 98 s WY G- B i Fa 15 H PR 5 45 H
%5:100 wF.

2.2 XIgitiE

TR AT H R ZEAR R B TN, £ R 2L
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B, M = AEIAF] 2.6X107 Pa i AR I 5T, Ar
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50 r-min”'; ALFEM S S50 . HIRIE S 0.5 A,k
BF#R 15 nm-min™'; MoO, 084 Ik 5 T. 75 « & 45k 5
I Z 200 W, Tk 5538 28 7 nm-min™, Ik 5 1 72 A g
H el . Al/MoO, & & BS54 7 2 1 LI 1.

BT AR o A5 B Y 20 I 34 ST e vk A Rk R R T
110 CFHET 30 min, R J5 ¥ Al/MoO, 57 i 5k
PSRN o W 45 2 )5 8 76 TR s i
3, R UE L BT 1S B R DR R IR~
1000 °C, FFE 3 #k 20 °C-min™ , AP, AW
10 mL-min™, & A A E 2 PR .

B 1 Al/MoO, 5 13 MR Sz Kk A 1 45 1 7 T [
Fig.1 Structure of igniter with AI/MoO, multilayer film
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Fig.2 Fabrication processes of AI/MoO, multilayer film
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Fig. 3 SEM images of the cross - section morphology for
Al/MoO, multilayer films
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Fig.4 The DSC curves of Al/MoO, films
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JICAR U S Al-Mo-O FL T B o 5 | S 1 i 9 4 & 359 A
50 nm I S5 o 8 AR A 2R U | TT B A T S N T
JEar fE B g e N T BRI RO . JE I IS 300 nm
A T R B 5 = R W TS AR B 295.6 k) -mol™, B3
T T8 — SN TG AL RE RS RN S AL RE .

F1300 nm B, 2 — N {G AL BB 43 51 222.8 kJ-mol™ Fll
230.1 kJ-mol™, {if 1k RE Kt & 18 il J&) 303 A 134 oy 22 ¥ T
L, R T 2 A Re A RE T R kA R .
PEHJE A 150 nm #1300 nm J2 A T8I 59 45 — =W
EALEE 914 93.9 kJ-mol™ #1175.6 k)-mol™, H Ti%

£1 Al/MoO, I i il DSC MRk 4%

Table 1 The result data of Al/MoO, films measured by DSC

Al/MoO,/ nm Toneet! °C Tpear! °C T,/ C Q/)g! Quai! g™ E,/kJ-mol™ E,/kJmol™ E//kJ-mol™

20/30 543.8 559.0 595.7 1144.0 1144.0 - 2129 -
315.0 326.8 362.7 222.9

60/90 1780.0 93.9 222.8 -
615.4 628.5 641.6 15571
312.1 344.9 386.6 213.6

120/180 648.6 665.6 697.7 757.3 1350.7 175.6 230.1 295.6
802.8 875.0 910.2 379.8

Note: T, is the onset temperature. T, is the peak temperature. T, is the end temperature Q is heat release.E, is the first activation energy. E, is the second acti-

vation energy.E, is the third activation energy.

3.3 AH A AUMoO, = K7 58 F% #4 J65% 128 2= 1) 54 M
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S T) A% 4 IR 08 32 T a0E A e B B, R o o % T R
FE BT, 24 M T it 1 0 1 L AR S T A TR K .
FH4, P E 2 50,150,300 nm 9 Al/MoO, &2 i T

JE R BE S R My 2 5.35, 2.51, 1.75 m-s™", 1 i Il
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s I A e R BB 0N | S R B 0 B AL e
N RN B Gy R A AT R X R BN X B 28
3.4 A% EEEX AUMoO, & Fr & A MBS & MR

ERm

i I 5 I B 3 AR B AL/Mo O, S R i i 2k
TRHr W 22 e T AHSS & L B B K A 1. SR 22 7
PR T AI/MoO, R T IR & #5141 HL R &
KRR R U R KRR L S RN 2 HL R R KRR
SR FH R 25 0RO T =X AR R IR R SR P Ik
U5k h 7 ot 2 2 a7 A, JE RN A 50,150 nm
1300 nm 19 Al/MoO, S 7 8 [ 21 S A8 a5 e 140 1Y
50% & KHEFTH N 1.44, 1.74 AF11.87 A; 50%
KRR M 7.31,7.29 VFI11.25 Vi Al/MoO,
2 I AR 22 5 KA 50% & CHL I A i R
0.08,0.65 A1 1.02 A; 50% & K HLEM K K 2.30,
6.19 VI 9.62 V., FUIKEE I8 §1 & B934, A e
e SR IR SR AT 22 K KR L R R R R B
TEREAR o X AT RE A2 e T 98 ) R 40 A 14 L &2 v R Y
TG AL B 72 T, & A k2 B IV JIT 7 1Y) R Rk 22 R U
U R A T, & ELE i B oo R L TE 2 1 e i,
M A2 1 52 45 W RS A AR A SO o 7 A ) 25 0 B
# oF TR AT (LTNR) IR 7E 2 AR Fdy 22 #e g oc |-, JF

B 5 Al/MoO, i if i R AR b e B I 145 2R
Fig. 5

tained with high speed camera

The burning rate of Al/MoO, multilayer films ob-
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M T H & KRB . AT LB B, 2R 2 S AR o e
BEJCHT, LTNR Y 50% HL it Fl L i &2 KO R 0.75 A
1 6.68V ; 1M B 22 Jy e it JLHE LNTR 9 50% H i Fl
JE & KR R 0.10 AF12.29 V, it il LLE 3], 24 1f
FAWE 22 4 e T i, B 1 50 nm B Al/MoO, 2 &
W) e JORE S LTNR BEA A [, U B Al/MoO, &

T2 Al/MoO, ST I TR AR 22 1 ¢ 1 v i R e e R K IR

A B A5 AU LTNR B T M 22 20 kT, JF B
AT LUAR B H KT B B oK i 3 Y A I Y
S50, IR B PR K T A R KR R OR . R T
2 AR B AL/MoO, 2RI A K 4 & KU
JEAEAR P 4 151 6 BT 7 o

Table 2 The current and voltage sensitivities of the initiators based on Al/MoQO, film

parameter sensitivity/% 20 nm/30 nm 60 nm/90 nm 120 nm/180 nm LTNR
50.0 1.44 1.74 1.87 0.75
current/A
99.9 2.85 3.03 3.41 0.79
SCB
50.0 7.31 7.29 11.25 6.68
voltage/V
99.9 8.33 8.58 12.23 9.26
50.0 0.08 0.65 1.02 0.10
current/A
99.9 0.11 1.13 1.83 0.13
bridge wire
50.0 2.30 6.19 9.62 2.29
voltage/V
99.9 2.56 6.82 14.71 2.87
14 35
19 L I 50% 3of EEMS0% s 20
[ 99.9% T E99.9% &
10 L 9.26 25} 241
> 8.33 <
é, 8t 7.31 7.29 7.58 = 20 174
£ ol g L 1.44
S 6 5 1.5 197
4t 107 0750.79
2 L 05
0 0
LTNT 20/30 60/90  120/180 LTNT 20/30 60/90  120/180
a. firing-voltage of AI/MoO, reactive film b. firing-current of Al/MoO, reactive film
Bl 6 Al/MoO, ST I A4 S K A R Y 22 KR | HL I A AR ]

Fig 6 The column graphs of firing sensitivities of the SCB initiators based on Al/MoO, reactive film

3.5 AUMoO, [z Iz i# B% = N 25 14 B9 s N BE

H T 755 Al/MoO, LI IR A s 1 1 K BE
I, 1 B K2 B/KNO, 25 i TR xt 42, % 1
2g-cm” R 100 pF AR, BB HBE15.0 V,
SOKBEJ MRS RN K 3, 3R 3R], Lk SR e
AETC 1 Al/MoO, B I I & K A1 HAT 24 B/KNO, 2}
Fr 5 52 IR A R R LA 22 Dl i BE T
Al/MoO, [ W 15 & KA A AE UK BB 1 mm A 1
LT L BB K B/KNO, 25 i s Bk . Bk, ol LI 3
Al/MoO S i AT L) 2 5 46 BE JT 1 s K BE D o
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R3 Al/MoO, S I M JF 3 K A5 1 Y 3 KCRE 7 I 4 2
Table 3 The firing results of AI/MoO, initiator based on the
B-KNO, tablet

gap initiation/mm

modulation period

SCB bridge wire
without Al/MoO, no fire no fire
20 nm/30 nm 0 1.02
60 Nnm/90 nm 0 1.04
120 nm/180 nm 0 1.01
A fie A A 2020 4 £ 284 H 24 (105-111)
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4 zﬁ -L@ ing on self-propagating exothermic reactions in Al/Ni nanolam-
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Influence of Modulation Period on the Thermal Properties and Firing Propertiesof AIMoO, Reactive Films

NI De-bin, DANG Peng-yang, XU Dong, YU Guo-qiang, CHEN Li-kui, ZHU Ya-hong, XIE Zhan-feng, CHU En-yi
(Science and Technology on Applied Physical Chemistry Laboratory , Shaanxi Applied Physicsand Chemistry Research Institute , Xi'an 710061, China)

Abstract: In order to investigate the effects of modulation period on the thermal properties and firing properties of Al/MoO, reac-
tive films, Al/MoO, reactive film with 3 pm thickness was deposited by magnetron sputtering. The modulation period of
Al/MoO, reactive film was 50 nm, 150 nm and 300 nm, respectively. The reaction process and energy of AI/MoO, reactive films
were measured by DSC. The combustion speed of Al/MoO, reactive films were detected by high-speed camera. The initiators
were integrated Al/MoO, reactive film with semiconductor bridge and bridge wire, and the current-firing sensitivities and voltage-
firing sensitivities were also explored by Langlie method. The combustion speed was decreased from 5.35 m-s'to 1.75 m-s™' as
the modulation period increased from 50 nm to 300 nm. The 50% firing current of semiconductor bridge initiators was 1.44 A,
1.74 A and 1.87 A, and the 50% firing current of bridge wire initiators was 0.08 A, 0.65 A and 1.02 A when the modulation peri-
od of AI/MoO, reactive films was 50 nm, 150 nm and 300 nm, respectively. The bridge wire initiator can ignite the insensitive
ignition composition of B-KNO, tablet with T mm ignition gap. The excellent firing parameters and outstanding ignition ability
can lead to a remarkable optimization for the traditional electronic initiators.

Key words: modulation period; Al/MoO, reactive films; energy; firing-sensitivity
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