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Fig.3 XRD patterns (a), SEM-BSE image and EDS analysis results (b), STEM-HAADF image (c) and EDS element mappings (d) of

W(Zry) alloy powders
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5 34

XFLI A : MU S Al 5 WZrZn & Gl SR RF 1 1) 5

1003 -

PUE 38 E IR #) 905 MPa, 7F it 1t A5 | B B 12 5 e
£ 4 W B R T T RS SRR U R 1 SR A AE A
Ko BT W(Zr) & 48 AR 0K RS 9k /), W(Zr)-W(Zr)
(el T R K, PELAS R (R BE Sy 3o, 3 i ik B 4
Tho MEMEHRBENEEREA 2 5 — 2680
O AR . G PTHOREHE KRN &, W(Zry)-Zng
B AN 9.7 glem®, FUEEN 90%, % KL
SRR NGUER G E LY R, R Zn
FHRIEACTE BB 2, X W(Zrpo) & 88 R 1) A 2 PR AN
B, FEERAR AR RN A BB ). B2
e P4 ) 38 B R R B R 5 M RHLE v v i S T AR
UFRIRERE, A Bh THTH & & RE R RSO
2.4 WZrZn &M E RS E

B A6 2 A R AE LT A S 36 v (1 ek R o R T
9 A AN B AR . B EAR . SO
B Py 25 B RN F Bl A R SO . [ 8 N
W(Zry0)-Znso B & 1E 3 FE A 1200 m/s B f v s )57 B
%o Bl 8a A & ki oF AT RO AR IBE (R HE s B 8b
PR B 2 5 5 2 S0 o Bk, JF 46 R B R A%
3% I W5 T AT DU B B S K s BRI R SR TSI A
LA SR, 7R A T AR E S R A CRE
D o TERRFENAMNE D ZERERT, #5 R=)
JHEFr 5 BB FE NS ALWE a8 8c fiow o {151
R, W(Zrap)-Znge 3 AL 1 5 OB B 7= 26 K 6 A1
EHILTIRERIWE . &E6ESWARA R, HE
SR BB Zn IR 5. Zn NAREE ST

£, WAL 907 C, T W Fl Zr (4 #CK G IR T ELE
2000 CLA L, B 2= R pe B s 1) #Avi vT DAASE SR A6 P9 1
HEEREIE S Zn Wb bl b, F3 Zn W74, Zn
VR FIRE A BY T3 THER A N I8 1T s ) 8d A IR VLS5
W, KIeB#iARE, (H2 IR FRSm .

THE, SRTE AR TG ) SR A R Y
R 25 A4 1R i R TSR 1 1) B AR A L 1 9 h W(Zrpp)-
ZN30 5 WIZry0-Zng £ 4 1E 1200 m/s b o 3 B T HH8 I
il 2R 6 EE o T DA 31 2 28 WZrZn & 4 18 IS 35 4 1 1)
I7E 300 ms Zi AT, B PH S X o {EL7E WA R R 1) X

1200

=
o
o
o

905 MPa
800

600 |
—— W(Zry)-Zny,
392 MPa

400 | —— WIZry-Zng,

Compressive Stress/MPa

200

800 005 010 015 020
Compressive Strain

Bl 7 W(Zrao)-Znso Al WIZrag-Zngo & 4 W HE 574 e 45 87 77 - B2 AR
Hiy 28
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Fig.8 High-speed photographs of W(Zrz)-Znso alloy during the impact reaction: (a) the projectile impacted front target plate, (b) the

projectile broken and reacted violently, (c) smoke vented from the chamber, and (d) heavy smoke at the later stage of reaction
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Fig.10 XRD patterns of reaction products
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Fig.11  SEM-BSE image (a) and corresponding EDS analysis result (b) of the reaction products of W(Zrz)-Zns alloy; droplet-like product

of W(Zra0)-Zns alloy (c); enlarged view of droplet-like products in Fig.11c (d); marked regions 1# and 2# and EDS analysis results (e);
SEM-BSE images of reaction products of W/Zr,-Zn3o alloy (f-h)

3 & it

1) JE AU & SRR h i % T 2 5 bee 451
(19 W (Zrp0) 8 TLFD [ 75 A 0 K . BREE 30 h J&, Zr (AT
SRR, RUEEMRKPMIERSENCRA
A AR 1 23 BT

2) HT W(Zro) & &M K& W(Zry)-Zns &
S UEE S PUE R EIEF] 905 MPa, R4 T & 41k
(RE R B AL 392 MPa, SRR IRTE. JF HERE S
Ao Mt sR, TR T RS PR R RE

3) W(Zry0)-Zngo &4 17E 1200 m/s | KT ¥ E N
0.21 MPa, HALJiEREEREN 2.00 kJ/g, ¥R

REEFE R A IR T BP0 BT B, W(Zra)-Zngo
G MITE ) AR KRS A BE ) WO, BLH
KPS e r 07 g E TR zr BESE W, /]
PAFE s b iy N SE Bl WO 51K

& ik
[1] Thadhani N N. Journal of Applied Physics[J], 1994, 76(4):
2129

References

[2] Zhou Qiang, Hu Qiwen, Wang Bi et al. Journal of Alloys and
Compounds[J], 2020, 832: 154 894

[3] Zhang Dubao(iK [ %), Wang Tao(iE ¥), Yu Yinhu(f 4R €)
et al. Rare Metal Materials and Engineering (% 4 J& # &l



- 1006 -

Wity @A LS TR

¥ 52 3

5T RH[I], 2017, 46(11): 3469

[4] Ren H L, Liu X J, Ning J G. Aip Advances[J], 2016, 6(11):
2129

[5] Wang Shushan(E#f1l1), Li Chaojun(Z=&AE), Ma Xiaofei(
%K) et al. Acta Armamentarii(f% T2 4%)[J], 2001, 22(2):
189

[6] Luo P G, Wang Z C, Jiang C L et al. Materials & Design[J],
2015, 84: 72

[7]1 zhang Yunfeng( 3k = %), Luo Xingbai( % % #1), Liu
Guoging(X|[E FX) et al. Rare Metal Materials and Engineering
(P & JmpELS TRE)[3], 2020, 49(8): 254

[8] Coverdill A R. Explosive Initiation of Tungsten Based Reactive
Materials in Air[D]. Urbana-Champaign: University of
Illinois at Urbana-Champaign, 2011

[9] Wang L Y, Jiang J W, Li M et al. Defence Technology[J], 2021,
17(2): 467

[10] Liu Xiaojun(X|iER), Ren Huilan({f4: =%), Ning Jianguo(T*
@ ). Journal of Materials Engineering (44} L. #£)[J], 2017,
45(4): 77

[11] Fischer S, Grubelich M. 32nd Joint Propulsion Conference
and Exhibit[C]. Albuquerque: Sandia National Laboratories,

1996: 96

[12] Hertzberg M, Zlochower | A, Cashdollar K L. Symposium on
Combustion[J], 1992, 24(1): 1827

[13] Ren H L, Liu X J, Ning J G. Materials Science and
Engineering A[J], 2016, 660: 205

[14] Suryanarayana C. Progress in Materials Science[J], 2001,
46(1-2): 1

[15] Fan Jinglian(i % 3%), Huang Boyun(3%fH =), Qu Xuanhui
(HhiEL#%E) et al. Rare Metal Materials and Engineering(#i &
& JEMELS TFE)[J], 2001, 30(3): 20

[16] Rafiei M, Khademzadeh S, Parvin N. Journal of Alloys &
Compounds[J], 2010, 489(1): 224

[17] Torre F, Huminiuc T, Musu E. Journal of Physics and Chemistry
of Solids[J], 2021, 148: 109 686

[18] Ouyang Y F, Zhong X P, Wu W M. Science in China Series A:
Mathematics[J], 2000, 43: 180

[19] Mula S, Bahmanpour H, Mal S et al. Materials Science and
Engineering A[J], 2012, 539: 330

[20] Ames R G. Materials Research Society Symposia Proceedings[J],
2005, 896: 308

Effect of Mechanical Alloying on Impact Initiated Reaction Characteristics
of WZrZn Alloy

Zhao Kongxun, Liu Zeren, Zhang Zhouran, Tang Yu, Li Shun, Zhu Li’an, Ye Yicong, Bai Shuxin
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: W has high thermal inertia and low adiabatic flame temperature, which makes it difficult to burn in air. To change the
combustion characteristics of W, 20wt% Zr was introduced into W by mechanical alloying. XRD, SEM and STEM analysis results show
that after ball milling for 30 h, the diffraction peak of Zr disappears completely, and the W(Zr,0) super-saturated solid solution powders
with single bcc phase are obtained. Subsequently, WZrZn alloys were prepared by hot pressing with Zn powder as binder. The results of
quasi-static mechanical properties tests and ballistic gun experiments show that the compressive strength and energy release characteristics
of W(Zr20)-Znso alloy prepared by W(Zry) alloy powder are significantly better than those of W/Zr,-Zns alloy prepared by conventional
mechanical mixing. Under the impact velocity of 1200 m/s, the reaction overpressure of W(Zrz)-Znso alloy reaches 0.21 MPa. In the
analysis of reaction products, a large amount of WOj3 are found, indicating that the solid solution of Zr induces the combustion reaction of
W, which effectively improves the impact initiated reaction characteristics of the WZrzn alloy.

Key words: energetic structural materials; mechanical alloying; super-saturated solid solution; W-Zr alloy
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