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Table 1 Amorphous alloy number and composition
samples compound

1* Ni,.Fe,,B,,

2* (Ni,Fe),, Mo, B,

3# (Ni3Fe)79_5V0_ZBZO

4* Co,,Fe,,B,,

5% Ni, Fe, B P,

6" (NiFeCo),,B,,

7* Cu,,Fe, Ti, Zry,

8" Ni,oFe,0SisoBio
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B 1 ARG A A 2 s SN R S SR A R
1—® AU, 2— A9, 3—INLR, 4—FEMHE L,
5—HHR, 6—3 )4

Fig.1 Schematic diagram of vacuum induction melting and
single-roller belt-dumping device for amorphous alloy wire
1—argon cylinder, 2—quartz tube, 3—induction loop,

4—amorphous alloy wire, 5—copper roller, 6—pedestal
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a. schematic diagram of amorphous alloy bridge wire

b. photograph of amorphous alloy bridge wire
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Fig.2 Schematic and photograph of amorphous alloy bridge

wire
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Fig.3 DSC curves of different amorphous alloy samples
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Table 2 DSC results of different amorphous alloy samples

samples T./°C T./C AT /°C Q/)g!
1" 249.2 370.2 121.0 112.3
2" 200.7 4221 221.4 100.4
3* 170.8 385.8 215.0 116.4
4% 236.5 502.2 265.7 78.41
5" 274.5 449.8 175.3 80.52
6" 158.1 438.8 280.7 67.52
8" 163.3 446.9 283.6 95.66

Note: T is glass transition temperature. T is crystallization temperature. AT,
8 X X

is the supercooled liquid region. Q is the heat release during crystalli-

zation.
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Fig.4 Infrared diagram of 3 kind of amorphous alloy wire
and Ni-Cr bridge wire at 0.9 A
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a. 40 ms b. 80 ms

c. 120 ms d.
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Fig.5 Infrared diagram of ABW-2" bridge wire under 1.9A
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Fig.6  U-I-R curves of different amorphous alloy wire and Ni-Cr bridge wire under 1.9 A
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3 ABW-T"IE S B4 22 AL RS IE S 4L
Table 3
ABW-1* amorphous alloy bridge wire

Electric explosion characteristic parameters of

voltage /V  t /ps t/ s E /m) E /m)
70 46.48 151.28 17.086 25.133
80 41.88 156.78 19.671 29.951
90 30.02 221.54 20.454 41.394

Note: ¢ is ignition time. ¢ is total time. E_is ignition energy. £ is total energy.

F4  ABW-3"E S G G L HURFFIES 8
Table 4
ABW-3* amorphous alloy bridge wire

Electric explosion characteristic parameters of

voltage /V  t /ps t/ s E /m) E /m)
70 80.47 115.15 38.438 40.682
80 72.19 129.80 48.359 50.236
90 61.29 154.07 54.553 60.927

Note: ¢ is ignition time. ¢ is total time. E_is ignition energy. E is total energy.

N 3 W SE SR B[R] ¢ Bl R T R N T
A U PR JR BB T £ 5 I BRI  R T S SR .
FETH, — B AE 37 ~ S (z g I 1] 5 80 i ] py &6 o>,
FL PR G 1R, HL A8 A7 it 1) B 39 K, BT B ) T R 22
14 i 2 1 A T — o AT 22 o U % o AR g I U
SE SR (i) i 255 9 A P ) 398 R I 45 0 o TR) B AL 3R
24 T B R 3G R, L2k PR B e S (] A
MAERALIE . 4 ABW-3'HE B A 4 9 I R I ]
U Fifi ¥ A H PR B R T 4 A fH 5 ABW-1T AR T,
ABW-3" (1) 4 IR I [B] 01 S 45 B 438 BB = 1 K T ABW-17
FE S 10T ABW-3"FE & 7E 40 R (9 A0 B3 & 200, T
NG K g IR B A Y B B L T
R RE R E I E

3 42

A2 ARAR i 5 48 D % G, F 5045 FAR O — Fh o 7
K AR BETE o R T AR AP AR S S i o b
PERE S K0 bk r L T A T R A R 8K T A e
A A o MR T A

(AR & 2 i P B IS5 SR R T AR S 5 &
i A6 SO 2o i 2 OB RE , e ROV 116.4 )87
TR TE 75 He ek v WA X 58 J5E i S SC ) 35 3 A A R 1k
A Ko TV WA X E N TR R e B R A AR
PRI, ot A i i R I A

(2)WFFE 1 A & A 4 0 F BH Bt P 8 A AT o, 25
AW AR e Bl B2 T T G P D A A
AR o BELARE 1R 2 B AN A B Sl AR AR R o AR A A 22

Chinese Journal of Energetic Materials, Vol.31, No.6, 2023 (577—588)

7 AR Y B R R H BELIR R B, Horh ABW-1 AR
24 119 v, LA XA AL R (R/R,) M 6.38% , 1E 58 4= f 1k B
/NHL AT AT 4 L PACRE R A T % 17.05%, 4% A A
TR TR %K

()M B R MEIR R R A& & R 4 o F e
FAI -0 Il HL R R /N 5% e L BRI . AE 90 VL
HLICTE R, ABW-14F1 ABW-3* (14 Hi, 48 4E 3R [ 1] ¢ 43 5]
4 30.02,61.29 ws, 2 U HL R BE & E. 5 54 20.454,
54.553 m). ABW-1*41 4 Fa s M A% , H: H 4 Ak i B (E
WA, AR RCR A o R, 380l P R kPR R Ak
AR

(4) 3T LU B850 07, AR A 4 DL b A R ik
UL b Ak 52 N B F L UL B R SRR M R AR R R T AR
SR R A R B AR Sy AL T il O M ORI T
Jio FELETFEMGEMEFFEEL SMEX L
R DR A5 T O A 0 Re s, SL R RE T E— 25 b R
SR . R, B3R &G G A1 Ry — Rl 2k
T RE T AL BB SR A BE— P IR AR R

SE K

(1] e T A EORIMT ARt BB Tk i e, 2014 1-2.
YE Ying-hua. Initiator technology [M]. Beijing: National De-
fense Industry Press, 2014: 1-2

(2] 3k, WIE S, BH6 % . MEMS K TS il oo i R g8 o e ()],

FHEREL, 2017, 25(5): 428-436.
ZHANG Bin, CHU En-yi, REN Wei, et al. Reserch progress in
energy conversion components for MEMS initiating explosive
device []]. Chinese Journal of Energetic Materials (Hanneng
Cailiao), 2017, 25(5): 428-436.

(3] AE/NWI, M2, e, 4% . Ni-Cr 8 460 8 o o5 K Pk BE BF 5
[ KT, 2011, 2: 4-6.

REN Xiao-ming, XIE Rui-zhen, XUE Yan, et al. Study on firing
performance of Ni-Cr film igniting resistor[]]. Initiators & Pyro-
technics, 2011, 2: 4-6.

(4] JAPE, 35 . P Ni-Crifafl 2 ek T8 & B[], &

REATEL, 2014(6): 824-827.
ZHOU Qing, JIAO Qing-jie. Firing model of Ni-Cr bridge-belt
electric initiating devices under current input[)]. Chinese Jour-
nal of Energetic Materials (Hanneng Cailiao) , 2014 (6) :
824-827.

[5] DAVID H L, SIEGFRIED W J, RONALD B C, et al. Digital mi-
cropropulsion[)]. Sensors and Actuators, 2000, 80: 1

[6] ZHANG K L, CHOU S K, ANG S S, et al. A MEMS-based sol-
id propellant microthruster with Au/Ti igniter[]]. Sensors and
Actuators A: Physical, 2005, 122(1): 113-123.

(7] #M, 29k, JT40, 5 . MEMS [ PR B 25 b Cr e
BEL 9 BF 52 ()], f% ik 4% R 2 i, 2006, 19(5): 1411-1414,
1418.

XU Chao, LI Zhao-ze, WAN Hong, et al. Research on the Cr

membrane igniting resistance in MEMS solid propellant

Sttt

www.energetic-materials.org.cn



A b A 4 0BT B 4R e O BB E 0 4R

587

[10]

[11]

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[20]

[21]

micro-thruster [J]. Chinese Journal of Sensors and Actuators,
2006,19(5): 1411-1414, 1418.

BICKES Jr R W, SCHWARZ A C. Semiconductor bridge (SCB)
igniter[ P]. U.S. Patent 4,708,060, 1987.

BENSON D A, BICKEES Jr R W, BLEWER R S. Tungsten bridge
for the low energy ignition of explosive and energetic materials
[P]. U.S. Patent 4976200, 1990.

MARTINEZ T B, MONTOYA ] A. Semiconductor bridge de-
vice and method of making the same[P].US. Patent 6133146,
2000.

XU J B, SHEN Y, WANG C A. Controlling the energetic char-
acteristics of micro energy storage device by in situ deposition
Al/MoO, nanolaminates with varying internal structure [J].
Chemical Engineering Journal. 2019, 373: 345-354.

ZHU P, JIAO J S, SHEN R Q, et al. Energetic semiconductor
bridge device incorporating AI/MoO,_ multilayer nanofilms and
negative temperature coefficient thermistor chip[])]. Journal of
Applied Physics, 2014, 115(19): 194502.

ZHU P, LID L, FU S, et al. Improving reliability of SCB initia-
tors based on Al/Ni multilayer nanofilms [J].
Physical Journal-Applied Physics, 2013, 63(1): 10302.

Sy BREE . WIRP BB R T B/ A S TERERT R LD . R A
P RUFE T OR2%, 2019.

Yl Zhen-xin. Design and preparation/performance on two

The European

types of carbon-based igniter[ D]. Nanjing: Nanjing University
of Science and Technology, 2019.

Dy, AR, BN A% A U RE I A SR 9T ED R U RE
fiE[)]. & Rekr kL, 2023, 31(3): 215-221.

Yl Zhen-xin, LI Lin, WEI Meng-yan, et al. Preparation and
properties of inkjet printing silver film bridge[]]. Chinese Jour-
nal of Energetic Materials( Hanneng Cailiao) , 2023, 31(3):
215-221.

AE/ANIT, X022, A ATEE, A5 GRUA0 B R i T AR RE AL T T ()]
KT, 2021, 1: 5-8.

REN Xiao-ming, LIU Lan, YU Ke-xin, et al. Study on the ener-
gy reduction of TaN thin film transducers[]]. Initiators & Pyro-
technics, 2021, 1: 5-8.

sKkSCH, EFEE, BT B, 5. & HE MOFs I 1 S R A K2 H
# J7¥% . CN201710741380.8[P]. 2019.

ZHANG Wen-chao, WANG Jia-xin, ZHENG Zi-long, et al.
Energetic MOFs thin film semiconductor bridge and its prepa-
ration method. CN201710741380.8[P]. 2019.

DEBENEDETTI P G, STILLINGER F H. Supercooled liquids and
the glass transition[}]. Nature, 2001, 410: 259-267.

YU B S, SUN Y H, BAIH Y, etal. Highly energetic and flam-
mable metallic glasses[]]. Science China Physics, Mechanics
& Astronomy, 2020, 63(7): 1-5.

R, IKRSE, HEHE S — R B RE AR A B bR L o
Jrik B . CN112981278A[P]. 2021,

YU Bang-sheng, SUN Yong-hao, BAI Hai-yang, et al. A high
energetic amorphous alloy material, its preparation method
and applications. CN112981278A[P]. 2021.

HU X, GE J, LIU S,

Fe-Nb-BY Amorphous alloys with an anomalous exothermic

et al. Combustion Mechanism of

CHINESE JOURNAL OF ENERGETIC MATERIALS

o
Il

[22]

[24]

[25]

[29]

[30]

4

i

phenomenonl(]]. Acta Metall Sin, 2020, 57(4): 542-552.
TR Y . L AT N REIA R Cu-Zr-Al-Ag R Al & 4 R e pE AN
AL/ B AT N S YRS L RE T (D). 28 R A T,
2016.

WANG Li-fang. Studying the thermal stability, crystallization/
relaxation behaviors and glass forming ability of Cu-Zr-Al-Ag
amorphous alloys by electrical resistance and internal friction
measurements [D].
2016.

XUIR B A bR IR T iR )] A2 AT S S R, 1991, (4)
99-104.

LIU Zhen-hai. Standard test methods of thermal analysis [J].
Chemical Research and Application, 1991, (4): 99-104.

YU H B, WANG W H, BAIH Y, et al. The B-relaxation in me-
tallic glasses [J]. National Science Review, 2014, 1 (3) :
429-461.

INOUE A. Stabilization of metallic supercooled liquid and
bulk amorphous alloys [J]. Acta materialia, 2000, 48 (1) :
279-306.

FUEGLEIN, EKKEHARD, KAISERSBERGER, et al. About the
development of databases in thermal analysis [J]. Journal of
Thermal Analysis and Calorimetry, 2015, 120(1): 23-31.
R VR R A O R R R S e RN Y
KE[)]. A2k, 2021, 43(1): 53-60.

SONG Li-jian, XU Wei, HUO Jun-tao, et al. Large activation
entropy is a key factor to trigger the memory effect of amor-
phous alloys [J]. Chinese Journal of Nature, 2021, 43 (1) :
53-60.

LG, AR B 22 R K R B BE )] K, 2007
(4): 26-30.

WANG Peng, DU Zhi-ming. Thermal ignition theory of elec-

Anhui: Hefei University of Technology,

tric hot wire initiating devices []].
2007(4): 26-30.

KAWAZOE Y, CAROW W U, YU J Z. Physical Properties of
Ternary Amorphous Alloys. Part 1: Systems from Ag-Al-Ca to
Au-Pd-Si[M]. 2011.

FI, WA . LB A DSC BRI Cu, Zr, Al Ag, T B 4
SRR X L)) BN T, 2019, 48(8) : 40-42.
WANG Li-fang, MAN Da-hu. Comparison of structural change

Initiators & Pyrotechnics,

of Cu, Zr,,Al;Ag, amorphous alloy studied by electrical resis-
tance and DSC methods[]]. Hot Working Technology, 2019,
48(8): 40-42.

DMOWSKI W, Fan C, MORRISON M L,

changes in bulk metallic glass after annealing below the

et al. Structural

glass-transition temperature [J].
neering: A, 2007, 471(1-2): 125-129.

I FE AR RS SR A & IM] R 4 Tk A, 1989:
58-59

LUBORSKY F E. Amorphous metal alloys[M]. Beijing: Metal-
lurgic Industry Press, 1989: 58-59.

P23 N QN T vy L MY B | G == L B =2 Y 1
1999: 106-107.

CAIl Rui-jiao. Design principles of initiating devices[M]. Bei-

Materials Science and Engi-

jing: Beijing Institute of Technology Press, 1999: 106—107.

2023 4% H 314 # oM (577-588)



588 TR R SRR R AEIE , ARSI, 250 vy, AU, Dk i

A Preliminary Research on the Properties of Amorphous Alloy as New Microheater Material of Initiator

NING Jue-yong'’, JIAN Hao-tian'’, ZHU Zheng-wang’,; ZHENG Guo-qgiang*, LI Hong-gao*, ZHU Peng'’, SHEN
Rui-qi'*

(1. School of Chemistry and Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China; 2. Micro-Nano Energetic Devices
Key Laboratory, Ministry of Industry and Information Technology, Nanjing 210094, China; 3. School of Metallurgy, Northeastern University, Shenyang

110819, China; 4. The 43rd Research Institute of China Electronics Technology Group Corporation, Anhui Province Key Laboratory of Microsystem , Hefei
230088, China)

Abstract: In order to demonstrate the feasibility of amorphous alloy as a new type of micro-heater material, the amorphous alloy
bridge wire micro-heater was designed and fabricated, and the influence of constituent components on the energy release effect
of amorphous alloy material was studied by DSC thermal analysis. On this basis, the electrothermal temperature response,
change in temperature coefficient of resistance and the electro-explosive characteristics of the amorphous alloy bridge wire
micro-heater were investigated. Results show that the amorphous alloy is regarded as a metastable energetic material when it re-
leases energy, and exhibits negative temperature coefficient of resistance during crystallization process, leading to that relative
change in resistance is 6.38%, and the electrothermal energy transfer power is increased by 17.5%. Compared to the Ni-Cr
bridge wire micro-heater with linear temperature coefficient of resistance, amorphous alloy bridge wire micro-heater characteriz-
es a better energy release effect. These preliminarily demonstrate the feasibility of amorphous alloy as a promising initiator
micro-heater material, and expand the approach on efficiency improvement of electrical initiator micro-heater.

Key words: amorphous alloy; micro-heater; thermal analysis; crystallization; temperature coefficient of resistance;
electro-explosive
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