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Table I"Raw powders parameters in this research

Raw material Purity (%) Size (um) Manufacturer

ZrH, powder 99.99 5 Zhongkeyannuo (Beijing) Technology Co., Ltd
Ti powder 99.95 10 Zhongkeyannuo (Beijing) Technology Co., Ltd
Nb powder 99.95 10 Zhongkeyannuo (Beijing) Technology Co., Ltd
W powder 99.95 5 Zhongkeyannuo (Beijing) Technology Co., Ltd
Mo powder 99.95 5 Zhongkeyannuo (Beijing) Technology Co., Ltd

1.2 ALRLEMDHT

¥4 &ML 10mmx 10mm [ [F F: FERE S FF R AL S EE R AT o KA ot 0B A0 B TP RS R o AE
o, fE40KHzHIEE T A5 U 10min, A H 82 FITHERE IBSA2245-CWHL TR 7, BT HEZKZEN
A, (EARARE R EATITES, FTEE 23000400405, {3 Si0, 87 e Xt
FE SR EHAT IO B A G0, X2 ATHMY (Bruker D8 Focus) Xl )& AL H#E47XRDY
FHAHT, FHE M 920~900, F4HE % y5°/min; 8 A0 & T B B T4k (Back-Scattered
Electron, BSE) Flggm B HiE{X (Energy Dispersive Spectrometer, EDS) Wi+ E5ds (HAH
T JSM 7200F) RAFVIGH A S FF b A G 58 FE AR S B IO S5 /T 3R 0 A s 8 S NIE R DRI
R S VR Smmx Smmx0.5mm 7 F,  FEAEH 10004, 20004H13000410 485 A5 K K i R FE T B &
80pm, FRSE X R AL o3mm I [F B KL, IR{E F Gatan 6958 TR AT IS, W EE AR
HE  SKeV, PIANESTHLAFE S B +8°F1-8°, il & AF A MR E R M TEMIRFE . {FFHFET  Talos



[ 7/ B R O
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

F200X7 5 FL 7 0 S B AF FORE & A 1R AR AR 254
1.3 N MRESRIE

W6 4N TR eSmmxSmm ) AT RE S T 25 RERAE . A BEEAGS-X 100KN /7 RESL 5
HUGHRE S T HEBS A IR 4a TR REIIR (NAER N 1x103s1) , f# I ZDSHPB-507 1 4 7% AT X K i 2k
TS EAERENAR (NARF Ax103s1) N PRIESEI0 45 B MR, AR 5 I P 4448 F 1000#
W ARHEATAT S, LA ORI PR, BRI AT 73R E G L SLE
1.4 SR EEIIE

w1 (@) fas, A 12.7mm A2 ) B0E M R o e S0 B TSR IE B A T N8 mm=8.5
mm P EAEEA T (L (b O, FEEE TR MR (LEL (o ) b, sl ka2
1 R B A A AR o Ty sZrNbMog s Wo s & Gl AT Q23 S4MAR F 0L I H s 55473 185 77 980 I SI2 4 1)
WA ERBEEWEL (D Fron. MELETTCUE W, 58 573k J5 17 20 AR 2 A 20/ e,
T T P T Ry SRR B ) AR R . e, B AN DR B 24N 0 A
1] ) 7K R B 20 0l 9 Tm Al 3m AR AR S AT B AR P AR T 7Tm A B, A9 HE600mm*600mm, 5
FE 53 6mm. 8SmmAH 10mm A Q23589 o AR AN [F) I Tt LA 22 S F A [R] AT SB607 ) 2, AR AL 5
A B JB FEAS/NTF-20mm ) T it FE R A6 BUR <F4350mm X 150mm X 10mmSisi05#7 i (KAl (& &
Z95L) , Jo s S AN A B BE B S 300m; 7EANFI N TR 44 42 15 Phantom V2640 =8 AL, 18 3R
AT AR S AR . SRR, T T T sZeNbMog sWo s & 4 TR REA LA, F AR Tl
T RS G SR, Dt BT RO b, LI A B Y (o) .

infrared speed cotton

measurement target

' J N
Q) E Q235 steel targ

high-speed camera {

ballistic gun

\ v,

(a) Ballistic gun

(d) Schematic diagram of the damage effectiveness experiment
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(b) Ti; sZrNbMog s W 5 alloydragments

nylon sabot cartridge case

(e) Schematic diagram of the fragment recovery experiment

K1 #piEesee B Mo R

Fig. 1 Equipment and schematic diagram of the ballistic gun experiment

(c) Nylon sabot and cartridge case
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(a) BSE image of 1kx magnification (b) BSE image of 6kx magnification (c) BSE image of 20kx magnification
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(g) Element distribution of Mo (h) Element distribution of Ti (i) Element distribution of Nb
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Fig. 2 SEM results of Ti; sZrNbMog s W 5 alloy
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(b) XRD pattern of Til_szI'NbMO(),5W0_5 alloy

(a) EDS image of Image of EDS analysis position
P3 Ti; sZtNbMog s Wo s & EDS & Fr FIXRD &1
Fig. 3 EDS image and XRD pattern of Ti; sZrNbMoysWy s alloy
#22 Ti; sZtINbMog sWo s & EEDS R 1AL R
Table 2 EDS point scanning results of Ti; sZtNbMog s Wos.alley:

Number Ti (at. %) Zr (at. %) Nb (at. %) Mo “(atsno) W (at. %)
P1 18.44 3.78 22.20 24.73 30.85
P2 17.32 3.81 21.74 23.29 33.84
P3 23.04 7.72 26.54 27.65 15.05
P4 22.03 8.54 27.81 27.11 14.53
PS5 27.70 51.93 13.01 6.63 0.73
P6 26.62 52.76 13383 6.12 0.67
B4 (a) - (¢) ATi;sZrNbMogsWo st & TEMEEHH K H AL X H-F AT B (Selected Area
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(b) Selected area electron image (c) Selected area electron image

(a) Bright field image
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500 nm

(d) High angle annular bright field image (e) Element distribution of Mo (f) Element distribution of Nb

(g) Element distribution of W (h) Element distribution of Zr (1) Element distribution of Ti
14 Tiy sZrNbMoo s Wo s & 2% 5 B 45 R
Fig. 4 TEM results of Ti;%¥ZtNbMog s W s alloy
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(a) Quasi-static compression stress-strain curves (b) Dynamic compression stress<strain curves
S Tiy sZrNbMog sWo s & 4 7125 Mg
Fig. 5 Mechanical properties of Ti; sZrNbMo, s W, s alloy
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%3 Ti; sZrNbMoy sW s & & S IBHE LI HiHR

Table 3 The ballistic gun experiment data of Ti; sZrNbMo, sW 5 alloy

Thickness, of the steel

Fragment speed

Penetration result of

Diameter of

Post-effect

Number penetration hole
target (mm) (m/s) the steel target damage
(mm)

1 6 637 Penetration ¢10.08 burn the cotton
2 6 854 Penetration ¢10.58 burn the cotton
3 6 1082 Penetration ¢11.75 burn the cotton
4 8 592 No penetration -

5 8 861 Penetration ¢l1.12 burn the cotton
6 8 1007 Penetration ¢12.80 burn the cotton
7 10 1126 Penetration ¢12.95 burn the cotton
8 8 1035 Penetration ¢12.52 burn the petrol
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6mm steel plate . 6min steep T RS . stéel plate

637m/s - 854miis il §1082m/s

(a) The fragment penetrates 6 mm thick  (b) The fragment penetrates 6 mm thick  (c) The fragment penetrates 6 mm thick
steel target at the speed of 637 m/s steel target at the speed of 854 m/s steel target at the speed of 1082 m/s

& 8mm steel plate > " $mm steel plate [ ] i, stéel plat,’%;
f "861m/s llive o 1007m/s By Ry %(jm/é

(d) The fragment penetrates 8 mm thick  (e) The fragment penetrates 8 mm thicks_/(f)*The'fragment penetrates 8 mm thick
steel target at the speed of 861 m/s steel target at the spee of 1007 m/s steel target at the speed of 1126 m/s

(g) The fragment penetrates 8 mm thick (h) The oil drum after test
steel target at the speed of 1035 m/s
and burns the oil drum
K6 Ty sZENbMoy s W5 < HiLE M S 36 45 R I
Fig. 6 The photogtaphs of ballistic gun experiment results of Ti; sZrNbMog s Wy 5 alloy
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