FB0%E B
2021 4 1A

mBEEERMPIEI1E Vol50, No.l1
RARE METAL MATERIALS AND ENGINEERING

November 2021

M =5 B AN = S5 R Aeds TR E K&

H5H il

it R B 3R

U R PR
5 4A2,
(1. 2K MmklESE

Vil S~ R

FoAB 2, # 1490 2,

&/a*k-;Z

!

RBEAT G, 2# AL 230039)

(. hERE SR SR T A ERT SO, 7B AL 230031)

W OE: EXRACRE AR AOERETO A, SR DY R (4PBT) JriEXTESAP R HINE AL (DBTT) #H4T

TIRAN o B 5, FET 0 VY R A R A A 3 A 5 2 T i B2 AR A ) 7 A5 7o AL 25 ) DBTT.

aEREN, M

B DY 25 A ) Tl L 2085 5 DBTT AE7E 150 CULN, T AH R RH S8 a0 A o i il O M A o SR )5 X LA

[ 0K R 1) 4PBT AR ae (1 45 3
BIER AT T A 8

KR ML WINEHARIRE (DBTT):
REENES: TG146.4711 XEFRIZES: A

, WESETRFEIR DBTT M v i nk sl Atk o B f5, X5 k52 DBTT M

VU 52 RS (4PBT); Inddi=
XE4S: 1002-185X(2021)11-4089-06

ARG SR TR EEK, FRAREER A,
FE AR R R AR Je N HE TH] 7] 45 25 1~ AR A4 KL (PFMs) 1Y) i e 4
R (HAS SR S AR S, WG AR (DBTT)
B AR, JERE, 1F 20 MWIMP 1T, &
T 300 R E IS I RIG S5, D 5 A AR 12 30%
(s g 2B T A0, 308 X B AR e B HE RS R R Aol
FR P RN A iy 7= A 8,

BT RAT N RIRR ST AR M RHE S S 2
FEREECT DBTT BBttt & SBOTRINERH. £M
IR T R SRR A4 1) DBTT, dndsr st .yt
TR WL WA S, (EARRINNR A8 3
(¥) DBTT J & fE 2 57 AT LUA B L F i G 3 1083,

AT Je KA 4PBT MIEASH KL DBTT, i
TG — M FH TR AR e A e 5 P A AR T i A1,
[ bRz seae e ATERD B %77 vk B A T H A Skt
A AR, AR AT . HUCRH
#@ﬁ%ﬂ#ﬁﬁ%zﬁﬁ%ﬁﬁﬁwﬁﬁ e,

WA HTASFE MR T VAR A4 K DBTT Wil & (1) f2 0 o

1 5% W

VY 25 i B4R DBTT Z iR/ 4RiE . ITER
2T H 58 4% 4 (monoblock ) T A 25 B8 T4 3648 1% 11
ﬁﬁf*“ﬁ%%%ﬁtf(28mmx28mmx12mm>(ﬂME

YgFs HHER: 2020-11-22

L, T RAY S ik E AR DBTT, H LA
A A A 7 A ) AN [R]85 s AN Rtk R B 4 ) o i —
i LA K monoblock = #A 6 fuf i 36 f O HURE MK
1A TR R 3 B 7 ik R S 4L
I T A e B ARG T vk SRR A 4 LR B . TE
KRBT, FrA RIS E 2R B R A R 41 F
—HEX ITER 2475 FHELHIAIES . FLHI MR “MRiE
S+ W75, Horbud i AR A 4 7%
il 46 HAE SRS R, R R e gt Rl 2 s . FL
ST 0 AL AR . B9 Al E =99.95%, %5 =
19.0 g/em®, kL IAR 3 Z ok AN (I BT ALHI 1D

Heat flux

[/1]]

28 mm

RD: rolling direction
TD: transverse direction
ND: normal direction

S

TD

K1 ZEmk
Fig.1 Monoblock

EE&WmE: EXRESUIRMARZRZERET AL (2017YFE0300604)
eI Uk 4, 53, 1992 4FA4E, il 42k, A [ERLE LA R TR 7L e 45 B AR BRI FURT, 22 & 230031, HiiE: 0551-65593108,

E-mail: xiang.geng@ipp.ac.cn



+ 4090 - WA & EMES T

50 3%

F1 3MMIKT AR RASH

Table 1 Specific parameters of the three test methods

Test method  Standard Sample size/mm Loading rate
4PBT ASTM 1.5X2X26 0.2 mm/min
C1161-13
Tensile 1SO6892-2 Diameter: 3; Length: 15 1.5 mm/min
Charpy impact GB/T 55x10x10 5m/s
229-1994 V groove depth: 2

VY 5 25 R0 (4PBT) &R 8 ASTM C1161-13 Frife
HBEATHD, Zbm it S T I0 P A R PR SRR BE  1Y
TSR . PRI ERAER] & 1.5 mm X2 mmX 26 mm [f]
ANRSERE o 5 REEIFLHI RS 2 & e 0, i 2 B,
VY 5525 iR B P47 T RD, B3k B8N 7 17°F4T TD.
TERIG R, FEML 4 DNHATHE 2R R, /N T
0.8 pm, EEHITT M5 KB PAT . RIS R E—Hh
PRI (MTS, E44.204) LidbATHYy, 38 &
Kz 718 10 kN, F5EEA 0.5 (AR e W 2 /N T
0.5%). WIIRMEFAEL T : (D REERAMRY 5, K
PINEZE 5Pa LLF; (2) @AMER 2K, REEE
AEFE, DRl (3D s,
R 1 h, (RAIER ST (4) ik 4 e bR uE e N
0.2 mm/min, ki KALFE 52 AR HIAE L 5 mm;
T 5 AR AR, BT 2 AN R NG
4.5 F1 50 mm/min.
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Fig.2 Schematic diagram of four-point bending sample
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Fig.6 SEM images of fracture surface for 4PBT samples at 100 and 150 C
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Table 2 DBTT and corresponding test methods and parameters reported in the literature
Reference Material Test Method Atmosphere Loading rate DBTT/C
Z:S. Levinand K. T. Tungsten rods Three-point bend test Ar 0.01 mm/s 175~250
Hartwig®
M. Rieth and A. Charpy impact Vacuum
Hoffmann(2 Tungsten rods (un-notched) (about 0.1 Pa) 450
C. Bonnekoh et al™? Hot-rolled plates Fracturteesrzi(;hanical Vacuum 100 MPa m®%/s 200
J. Reiser et al™ Hot-rolled plates Charpy impact (ab\olitt:lé)uin Pa) 3.85m/s 375
H. W. Deng et al*®! Hot-rolled plates Tensile test — 0.06 mm/min ~200
32 7 F 3 BMiKLER TIRZEF DBTT
—®— 4PB test —&— Charpy impact Table 3 Strain rate and DBTT of each test group
Tensile test =
g4t . 6 2 Strain
£ < Test speed - DBTT
3 / 3 rate/min
£16 g 52 ]
g S 4PBT, 0.2 mm/min 0.004 137.5°C (410.65 K)
< =
s 8f ./" 14 g 4PBT, 4.5 mm/min 0.101 187.5 °C (460.65 K)
S, 0/@/4_4_4 4PBT, 50 mm/min 1.112 225 °C (498.15 K)
OO_ 200 400 600 800 3 Tensile test, 1.5 .
Temperature/C . 0.100 200 C (473.15 K)
mm/min
B 7 3 Fhiiligt gy g Charpy impact, 5 m/s 16 875 Above 700 C (973.15 K)
Fig.7 Results of three test methods
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Fig.8 Maximum strain (a) and strength (b) of 4PBT and tensile test

at different speeds
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Measurement of Ductile-Brittle Transition Temperature of Tungsten Materials by
Four-Point Bending Method and Its Comparison with Other Methods

Geng Xiang"?, Luo Guangnan?, Wang Wanjing?, Li Qiang?, Wang Jichao? Xie Chunyi?, Huang Lingming?,
Chen Zhen?, Peng Wugingliang?
(1. Institute of Physical Science and Information Technology, Anhui University, Hefei 230039, China)
(2. Institute of Plasma Physics, Hefei Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, China)

Abstract: For performance evaluation of tungsten materials in fusion device, four-point bending test (4PBT) was carried out to analyze the
ductile-brittle transition temperature (DBTT) of tungsten material. DBTT of industrial rolling pure tungsten measured by standard four-point
bending method is under 150 °C, basing on analysis to the change of strain rate and strength with temperature. This result is lower than the
measured values of the tensile test and impact test. Then the results of 4PBT with different loading rates and tensile test were compared to confirm
the loading rate dependence of DBTTs obtained by different test methods. Finally, the reasons for the influence of test methods on DBTT
measurement were analyzed and discussed.

Key words: tungsten material; ductile-brittle transition temperature (DBTT); four point bending test (4PBT); loading rate
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