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Fig.1 SEM images of tungsten and TaC powder before and after milling: (a) tungsten powder, (b) TaC powder, and (c) powder after

milling

A RERBLS, 5N P2 TR A 4Bk A0
S AR AR HBL T AR . BREE S & &0 AR kL
A /IS AR ORI L R T ARG K, AT AR K (1) 2 T R
Fhi, AR T bedh i f2 akAT.

A Gk AR ) 2% 47 DAJS SR FH iR 55 8 14 (SPS)
PRAEH SR ER 15 mm, JEEZ 3 mm 85, f#
& %258 LABOX-325, K45k 71 80 MPa, eéh
TELFE 43 %o 1700~1810 °C, JHE N 100 C/min,
IR 22 3008 1. 3. 6. 8 min. KE45 18 H AR A
SR, AR P BE I IR A B R S S — 2 A R
g%, B b BLRTE R LI B 5k AR R E .

VERE S R AT B BB T 5, A L RS
BES IO, A H BUEHLER A8 32 1 05 R i 0 fl
B (500 N 77D, BEAFEMmIE 4 A SO
B, JF AN [F) o &5 2% A R0 R b 3k s E e A I 1
(1750 “CHRe4h 3 min) AT A ik 5e . A AT SE G
TEAZ LA VE R Y B 7L BE ) 60 kKW LT SRE0F &
(EMS-60) k- #E470Y. %Seit 7 & AT LR At (1 Bt v
FHRIE 60 kW, HLFHOINId HL Ky 90~150 kV,
K HA 400 mA. P RHRBEEZZ 1 mm, ik
MM L ms BE 22 T AR, i LR ZNF 0.3 ms.
ZW AR IE & T RLIE LA AR CH T MRS 3R T
WA A o R ALAMINR A G R TR %D - CCD
FNL ORSE R E NI Fohiks (KB 2
FiR) o FESZEG R, WGRE od i i e e B s K
TAEG b, Seda b i i [ 5E v 120 KV, i A2 k
4 mmX4 mm. @Rk IR R 00 S O R IR N
NS LI 46%7c A7, 3R AN EUE 1 5 SR BT R A
OV A sz 3 BRI 1 45 B0 1 P B 2R i S S 2
PR AT, R BRI B S8 =R . B A
Tl 4 1) A b ol S 56 F) Th %6 %5 % 08 370 A 740 MW/,

InEE [R5 5 ms, Bk RECH 1k B 2 R s
)R 57 S5 ) Th 2 2 i Dy 330 A1 550 MW/m?,  Jin#k
IFTE] 1 ms, kb ik Ey 100 K.

W iL Tacnai G%-20 4 B 8 (HRTEMD
W52 53 AT A4 B B A M AR AT, B G A R OB R
Zeiss 7 K SHA BT (SEM) MLEERE SN 481X 45k 1 24
S IEAAE B .

2 #R51R
2.1 BEREE

AV e 46 5 B R ) () % W-TaC & 4 Hfi i Je 5% &
sz 3 fros. AT DUE Y, Bl R 45 i 5
(3 AR s ) TR P AR, FE R IN S I 2 BT,
X2 TR e EE AT NI HEAT , R 45 30010 K T R fE 45
FEMBUR B o AR B G BeSh IS (B B, FF 5l % B

EB gun
HV

IR camera -

IR pyrometer

l CCD camera
/

Cooling |
circuits :ﬁ Processjchamber

X-Y table

2 60 kW H-FRAEHRT &

Fig.2 60 kW electron-beam material-test scenario



- 3546 - Wit EEp RS TR %46 &
" Ot £ TG, e B FT L, TaC SR

5000 -rHardes ; [T\ 48 4 0 02 o P AT 0 2 O R AL A
£ 4800 e B E A R T 227 A AR T o T e A
S 4500} ////////- 3 RIS SR AR R R

4 4400 183 IR IRAE) | LR R & Y
S 4200 ;/// g 1R 25 55 PR 9 FE I R 4 2 K
£ 4000} 1 BEJT, SR A TR R FURL SR 3 4 5 8o
mol PR A0 T L, S 4 o P
S 5 L 2 P A S SR AU, A

— 520 ahatifiE 3R

o 50000 TR . TaC % HUBORE 01 A AL T LA 3 4 2 204
2 4800} ///// . M 5 65 5 42 MR FE i A MEAEG S 45 4219 DBTT (4]

= 4500l A b MR | ER A e AR 7 A
g g B 1 L 0 0 N\ 5 R G o 9 A 0 4 SR 1
%“m'i//é |, & o NITHE— 5 B 2 e BRI AT 5 A
s200] 0 T LR 85 1 < 1 0 e o S 5 o 0 07 2
S S S S— 1, M E PR E ER . B 4 9 WoTaC 44 1E

Sintering Time/min
B3 Redhilh g Kl (A% W-TaC A 41 5 2 4% 15 019 5%
Fig.3  Effect of sintering temperature (a) and time (b) on

hardness and density of W-TaC sample
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Fig.4 OM (a, b) and SEM (c, d) images of W-TaC after thermal shock load at 370 MW/m? (a, ¢) and load at 740 MW/m? (b, d)
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Fig.5 OM (a, b) and SEM (c, d) images of W-TaC after thermal fatigue load at 330 MW/m? (a, c) and 550 MW/m? (b, d)
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Fig.7 HRTEM images and corresponding SAED patterns of W-TaC sample: (a) fast Fourier transform (FFT) pattern of selected red

square area on W and ZrC; (b) TEM image showing a TaC particle distributed in W matrix; (c, d) coherent structure appears

between the TaC dispersoid and W matrix with high magnification images
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Abstract: Dispersion strengthened tungsten with tantalum carbide were prepared by Spark Plasma Sintering (SPS). High heat flux tests
were performed with the electron beam device EMS-60 (60 kW Electron-beam Material-test Scenario). The polished tungsten surfaces
were exposed to single shot disruption-like and repetitive ELM-like thermal shock loads at various absorbed energy densities. The thermal
shock-induced damages were analyzed by scanning electron microscope and the microstructure was observed by transmission electron
microscope. The result show that no cracks are detected on the tungsten surface when the sample is exposed to single shot thermal shock
with absorbed energy density at 740 MW/m?; while cracks appear when the sample is exposed to repetitive thermal shock with absorbed
power density at 550 MW/m?. SEM and TEM images indicate that TaC particles disperse in tungsten grains interior including both
intragranular and intergranular. Thus strengthening phase boundaries through coherent structure and strengthening grain boundaries
through semi-coherent structure lead to excellent strength of W-TaC alloy plate.
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