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Fig.1 EBSD measurements on foil with three different thicknesses''”
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Fig.2 Quasi-static true stress-true strain curves of the rolled and as-received tungsten under compression (a); high rate true stress-true

strain curves of the rolled and as-received tungsten under compression (b)!"*!
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Fig.3 Optical micrographs of original tungsten before rolling
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rolled tungsten showing fine and layer-like

microstructure (b)!'¥
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W-0.5%TiC (FiE/7$0 HHEZTE/- (TIC/W) 1
TiC ¥ ARPY, FEAE 1600 °C T4 W-TIC ¥y K #k4T K1
LB TRLE (SPS). W 1 Pl f12tscin g ]k
RS, W-0.5TiC &4 B A RN EMEE (HV) M
L b sm g, > HiAF] 7693 MPa Al 1132.7 MPa,
BimFar N 45 . B 10a. 10b AKE4E 5 W-TiC
44 M7 1 HAADF TEM E&, 7RG H g 2
AN Gk 1 AT 2), FF HLAETE & AT DL 2
YK TIC Wik, UEEH 790K TiC BikifEbe s 8
R 45 o A KB, DL R S5 IRER I, TiC 7EfH & &=
P B R ORE O/ B S 20 R & & 7 TR ) R B AT 5t
Miao Z LR AN A Sk T2, bedh 5 L
6 mm JE W-0.5%TiC &&Mk. HFFREM 150 CHY
W-TiC & &R i Jm ARG, 110 200 °C B H BLRL A
PR, FEARRZ) 4.8%, UTS 4] 789 MPa, FHLff4h
n i B2 LL 4l W R 300 ‘CAEAT . BhAk, 44K TiC Hiking
g P SRLAE R N RO, T FE 2% 1 45 i R 104
S, Miao SR A R e ER B - IR e 45 - L2

BRI T 2L H % T W-0.5%TaC (FiE2%0 4
i e, RILTE 200 CHE, BT dhkidifl, & & mkiR
Prhism gk #] 982 MPa, MK EIA 12.0%. [FH,
YK TaC Foks 38 &) 43 A 18 W AVCK L F0kE N 358, BE S 11
Hlm AT R, PRSI AR, MR RR iR,
PE 1R W-TaC A 4 1 (et o 58 A0 S

Xie DR E FRAB RS T A
[ ZrC & 8(0%, 0.2%, 0.5%, 1.0%)M45 &4, $ifh
I R ANER 1 PRt Zee MmN R T
TR o B R AE . HE— B R RS S iR
et T M4, 4% W-0.5%2ZrC #A110068, 41
A ZeC R ENATHL S A MAE R, [RIBIXH  Fiok
1E W i S 2 A A5 S a8 & it s SRR W,
W-0.5%ZrC & 4 4 =il e e bt SPS B 5 i i) 71 %
PERE, H 200 CH & &R fE s, A 720 MPa,
AR B LR 4%, 5 SR TR & 1S Ee &
AL, WERE T HREEMSE (SPS 547 500 C
LR A MEvEW 2, @ 5L s a ik ik,
W-0.5%ZrC &4 B A BEALH DBTT. — 025 il ik
WIS WK 2 s, KI W-0.5%ZrC Ga 1S
U v RE L S 108, 5 TR B A R R A A 2R 4 i N
991 MPa fll 1.1%, 100 C I} Bt 47 58 % fi% =78 1.1 GPa,
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LR 5 B AR SR AL AR

< 800 2okEe <
E o
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Fig.9 Tensile properties of the as-rolled CPW and W-TiC materials: (a) tensile strength, (b) elongation, and (c) area reduction

[59]

K1 TRARAZREW-TICELEHENEES HEF 4R
Table 1 Microhardness and mechanical properties of W-TiC alloy sintered by different synthesis methods

Sample Synthesis method Ref.  Microhardness, HV(,/x9.8 MPa Bending strength/MPa
W-0.5TiC-H, Mechanical alloying+hot isostatic pressing (Hy)  [48] 1039 -
W-0.5TiC-Ar  Mechanical alloying+hot isostatic pressing (Ar) [48] 1164 -

W-0.5TiC Ball-milling+hydrogen reduction+SPS [58] 785 1132.7
W-0.5TiC-wc Wet-chemical method+SPS [61] 739.1 1065.72
W-0.5TiC-bm Ball-milling+SPS [61] 753.05 705.87
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B 10 k4 W-TIC &M (DF) Flm M TG R 3
(HAADF) TEM H A

Fig.10 Dark-field (DF) (a) and HAADF (b) TEM images of the
sintered W-TiC alloys (the dotted line in Fig.10a marks

the sub-grain boundaries)’*"

3.2 EWYMBERELSESE

W 72 24 3 Rk DL B AL S R B B gk 3 kb & B
EIE O SN SR S P I R, A T v AT
B A AL R BRI (ODS) AR 5 vk N A T 4
MoEbd, TR R W R S E ALY TR Y RS &
(ODS-W). AW 7RER S & 418t 45 4R 38 5 A
BHAS & A LA R I2 3, T4 R 45 & 1 5 FE 5 )
AR WA B — ek L R,
La,05;. HfO,. Y,0;. Ce,05. ThO, &7, &+ 41k

WIAE Sl R DA BT HL S A R R B B,
M2 =8 A & 0 i ek g . Prakal o R A R E
P, ThO, (45 2% W] LR 35 32 49 6 42 10 v i 5t
. FdamiRE. PimiRiE e ErRe, (1 ThO, BA
TP, W-ThO, & 4 10 A 7= F1 R FH 8 4 K PR /1), I
BEHR H T 5. W-La,05 Al W-Y,0; & 41 EH K
HME A BN HAR 5 2 A R, iR
L) PLANSEE WL10 (W-1%La,0;, JEE %), H
FEE IR T LA A 1 R 500 °'C, A EEMRRMPIEIR
6% A 1 R A 2 2 B R e v

Veleva %5 POSE o #4 i b 45 15 3 #v i it 43 90 45 2
W-1Y,0; § W-2Y,0; &4 WK 11595 & 12097 b
H, TER AR B A RORIY S 0 A, W-2Y,0; 1
TARBURL AR OR, RSHAE 300 nm~1 pm Z[H], I
W-1Y,0; [958 A RSFBCAEN/N, 1E 1~50 nm 2 [/
R B8 A /N W-1Y 05 & 4B FE AR B8 vy, AR 5 o
PR R W-2Y,0; & & A0t IR A I B o, 7R
T W-2Y,0; & & HI#I 1 F 4T .

Battabyal U761 i e 45 f # BB ) 7 vk il 4 T
W-2%Y,0; EA MR, PR EIRE AL, W-2%Y,0;
FOREREEL 4l W 5 1.5 GPao JbAh, = 5725 i szih 45 1
W, HEEREG, &4 55 6w T E R,
7 298 K WFsRE i, A8 1.3 GPal’sl, Rifhsgigss R
B, & AE 400 C I B PRHr A58 2 (UTS )ik 500 MPa,
WEAHRLE 10 %A, 400 °C LA H W] & 47
KUY, Kim 25UV T Y,05. La,05. HfO, 25 K [F &AL
MBH W SR, WE 13 R, SE8NE0EE
5Y,0, & & RESH MIELX R, LT HO,
Al Lay03, Y05 XRS5BT BE K, H W-5.0%Y,0;
B EHIBUEE B . Zhang Z5UTSR I E % (RE-RIR A
1) G R BAA SR RIER S T SR AR ALY

®2 AERERFEHEEPRETIEE (DBTT)
Table 2 Ductile brittle transition temperature (DBTT) of tungsten alloy prepared by different synthesis methods

Sample Ref. Synthesis method DBTT/K Test method
W-0.5ZrC [68] Rolling 373 3PB
W-1.1TiC/H [50] Mechamcgl alloylng+HIP+GB sh_dmg 240 3PB
based microstructural modification
W-2.2TaC/H [50] Mechanlcgl alloy1ng+HIP+QB Sll'dll’lg 330 3PB
based microstructural modification
W-3 3TaC/H [50] Mechamcgl alloylng+HIP+GB sh_dmg 420 IPB
based microstructural modification
W-2Y,0; [53] Hot forging 473 3PB
W-0.5TiC [54] HIP+forging 484 3PB
WL10 (W-1%La,03) [65] Swaging+rolling 973 Charpy
Pure W [66] Rolling+joinning 373 Charpy

Note: HIP-hot isostatic pressing; 3PB-three points bending
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Fig.11 Images of Y,O; particles located inside the grains and
at the grain boundaries of the HIP W-1Y,0; material:
(a) TEM-DF image and (b) high STEM resolution

image!*”
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Fig.12 STEM image and SAED pattern of W grain in W-2Y,0;

composite (a); STEM image of Y»O; particle (indicated
by arrow) in W-2Y,03 material and SAED pattern of the

yttria particle (b)>”

P13 44, W-5%Y,05. W-5%HfO,. W-5%Lay03 5 & M BH o 2 B 45 1)
Fig.13  Optical microstructures of pure W (a), W-5%Y,03 (b), W-5%HfO, (c¢) and W-5%La>O; (d) composites sintered by the SPS

system!"!!
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WL RS A Az A A K

Liu. Xie ZU7*5 Zhao Z£B ) 5K ] SPS ka4
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Eb R B, R AS & 42 200 C R R AR MRS,
PLRLSRE LN 660 MPa. £ 1300 ‘C FiE4Ti8 K 4b#
1 min, 150 CH & &R I B 2R, TR H
SPS KR L5 G4 AE 500 C I A LI P 3L T3S
[RlUt, HIEL SPS kegh, 2id gk ol b4 s 1 & 4,
HEMRESTIMEEERS. Bl TH L8 A S
AEAE ) — L8R 10, 40 La, Oy HA IR JEREH Y,0;,
FA TR B R ROA, 45 26 4 A
B4 4 PR RN FH A2 SRR F PR . Wang Z618R A
HPTRUE SR IR 78 % W-EnOs EA MK, 2R )5 H
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BN A, W (HV) M E 58 4 5k 5
6144.6+186.2 MPa Fil 1640440 MPa. Ye Z25%F] SPS
BT Y05 5 BN 0.5% RESHD. 2r0o, 58N
0%~2.0% C Jiu & 4 %% > W 8 45 & ,
W-0.5%Y,05-0.5%Zr0, (WYZOs) ki R ~F 249K
1.95 um, Et W-0.5% Y,0; (WY) &4k R ~F (5.5 pm)
MMFZ . miRPARIRE S REW, 54 W B WY &
SAALL, WYZOs £ 4 B A 58 ey 1 v T il 52 A0 B8 A 1 49
MEEEARIREE, HAE 500 CHF, WYZOs &4 Hfih s
JEN 5252 MPa, Ltk WY #25 67.53%.
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Research Progress on Strength and Toughness of Tungsten Alloy

Cui Liya'?, Wang Changji**, Zhao Ziwen'’, Pan Kunming™*, Zhao Longze*, Ren Yongpeng®*, Cui Hailin®
(1. School of Materials Science and Engineering, Henan University of Science and Technology, Luoyang 471000, China)
(2. Science and Technology on Transient Impact Laboratory, Beijing 102200, China)

(3. National Joint Engineering Research Center for Abrasion Control and Molding of Metal Materials, Luoyang 471003, China)
(4. Longmen Laboratory, Luoyang 471000, China)

Abstract: Tungsten and its alloys not only have the advantages of high melting point, high density and excellent resistance to plasma
sputtering erosion, but also have excellent comprehensive mechanical properties in the high-temperature service environment, which are
indispensable key materials for aerospace, weapons and equipment, nuclear engineering, etc. However, tungsten alloy faces the problem of
large scale and uneven distribution of strengthening phase in the extreme high-temperature service environment, resulting in insufficient
high-temperature strength and toughness. In order to solve the above problems, scholars have carried out research on the strength and
toughness of tungsten alloy, and improved the mechanical properties of tungsten alloy by adjusting the material composition and
microstructure. The structure control and toughening mechanism of tungsten alloy were discussed from three aspects: deformation
strengthening, solution strengthening and dispersion strengthening, and the future development trend and unsolved problems of tungsten
alloy were prospected.
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