EOUTEC S AF i HBEERMRISEIRE Vol.46, No.9
2017 4 9A RARE METAL MATERIALS AND ENGINEERING September 2017

METE Nb. C i W-Lu,O: EE M
HYZH 2R K 1% RE

%k B, TRV ARE I m, B REEY
(1. BT R, 2¢# &/ 230009)
(2. AP TR AT, %# AL 230031)
B wHAEAEEBEME ST TAEREE, ZH &L 230009)

OE: KM NUMEREE RO B T AR % T W-LupOs A1 W-Nb-C-Lu,05 A4, id 3% & S 3 T B s
(FE-SEM). R (EDS)FIEH i ¥ BB (TEM)BF L0 T T & &AM AR ML & &R RIMB MM O W
ETEEMEUEE. MR, WMGRE. SRR £ W-LuO; FIZEA ERINGE Nb fl C XH# & & fkidnih. 5
LA R R IR A R AR, W-Nb-C-LuyOs & 4 IR X 55 B H W-Lu,Os #2785 1 5.75%, 5% 1 95.12%, kiR~
BT 8~13 pum FHALE] 2~5 pm, W-Nb-C-Lu,O3 A& 45t W-Lu,O3 £ 4 0 52 R 5 AN 4 iz i ot 28 78 51 0 (B i 38

R W-Nb-C-Lu,Os & s HMUBEEE TR MEITR

FEESES: TG146.4711 SCRRFRIRED: A

YEHS: 1002-185X(2017)09-2533-06

(WD) R EA IS S s siEsRE . &
VTR R RIZ K R A R 00 0 S 55 k= A
{1 A B 2 T A 348 Dy A SR A% SR AR S 7 HE v 1 T ) 56 5
TFHEMRL (PEMD B9, SR, 77 AERIR G TE . B
IR e AR R L T o T AR A S A A L AL S
I R T A LA RE 52 4T A2 PRM i R B0, sl i
&G Te R . TR B A RN B SR AL 1 A 2 MR R 4
e i DN IR SV G e I K 2 NG S iy
FHRL, 1 TiC. ZrC. La,0s. Y,03 1 Ce,05, REH
GYEUINITE VAR SYNNEE &8 | KR 2 F R DA B Kty v
Rl iR A M A R B R S T T R
1 Niv Fe. Ti 1 Nb &5 RE6% T 2 B 45 I B (1
FUS200 R Ni (1453 “C). Fe #1Ti (1660 C)Zff)
5 A AR, WA & IR AL AR — e R
M, Nb B A A i B4 0 (2468 C) R 4T B il
FEREME, F H Nb AW REAE TE A0 BR [ 2 4% ik 21 [ 3%
SEALITER, ik, #E&Eh iR Nb B85 s AL
b g o2

TR B TR B AE (SPS) A ) T I R A
B A 2 L A ORI R] L e b dd R R AT DA
R A0 S5 R w4 L BB 6 7E BB AR I Ui B T SE B AR
g RERHG B A 3R B Sk KRB, ik, R

Yfs HHER: 2016-09-07

SPS & — M b A% Gt =y i e 45 7 32 B 1 P ok i) 46 1
P LA A a7 PR, BARSR T SPS il % 1)
W-3%Lu,03 (& 53 0 7R3 M55 & 4 10 BU% 2 ok
FE A B R RIE R, AER B T 58 AR I s
2 SHE A S NG KRR 2P, AR W
e a b & Lu,Og PUKBURLH] % W-Lu,05 B &8
K, PAKAESCIEERE BN Nby C filis oo & okl %
W-Nb-C-Lu,0; E & ¥ K, i@ ik SPS 77 7 il 4% W3 [7] 58
A B S RRE, IR R 50 2H 2R 45+ F 4: fe
BEAT W 9T 50 H7 o

1 % W

KNS ER BRI SPS J7 il 4 W-1%Lu,0; (i
3% A W-1.3%Nb-0.1%C-1%Lu,05 (F:H Nb 1 C )
FEIRBUE LN 1.5:1) EaM Rl Rk AT KL Ny
1.22 um f W K (458 99%). 41 A 80 nm )
Lu,O5 B3R (4liE A 99.9%). ~F-IFifE A 40~60 nm K
Nb 3 (44 99.9%) FISFHIRIE R 30 um K £ S8
(4[R2 99.85% ). F ik R4% it & LR & 5 24T HL
MRERESIEAT, BBy 10:1, #5384 400 r/min, EREEHT
(024 4 he BREEEHR G RFENELA 20 mm A 5=
PR AT IO S B PR 4, RS (2HE>99.99%)

LB : EHEEAELSL®EH (TER) HRI%L0 (2014GB121001); H R HARF W EIH (51474083)
fEE@N: 5k 1R, 5, 1990 E4&, w4, ST KFEMERSS TS, %8 400 230009, Hif: 0551-6901012, E-mail:

luolaima@126.com



* 2534 -

Wiy @A RS TR

46 3%

97550, 1600 CAHI47.8 MPa (44 T 4% 3 min.

SR FH BT 2 KA 7K 25 00 7 e 45 R 1 S B
TR Ik R R P O A R P B b 4 R ) B
W KA RS BT B5s (FE-SEM) W%
HAEMARKIES. RS RS, Gl fe
(EDS) Zr#rke s ik i o s i i 5 i+ W 1
(TEM) X Joe &5 A i W 21 23 45wy i3k 47 R AE s R A
MH-3L B 5 ORE FE v I Joe 45 1 1 S R . SR
LFA 457 BUEOG SO E R SRR B i1 %, JF
K SCHR[25] R T R B S A AT 2 . miR b
fHSZEG K A Instron 5967 AYH7 A I8 ML BE47 MK, )
WIAFER RSB 1R, R 7R, BK 16
mm, FREEKEE 5 mm, BB A BUH 8 4 mm
X7 mme. e i AR S 6 R TR R 5 N Tk
JIRHAT REAEFI[E 78, AR5 K i FE I # %2 500 °C i A
0.05 mm/min FFz AR 2 AT MK, ik Bl Y R AR
S 1) W 2
2 FHR59H
2.1 EEMKRRIE

FH P 2a W] DL f WOk 2R B R TH . B 2b
FE 2c NEREE SR AMIE SEM JESE,  W-Lu,O;
FT W-Nb-C-Lu,05 & & H A 7E 3K B i 78 o 485 1F 5 5k
(Rl ik i S B AR R E R R E A MR E LW HE

16201

0.75

42005

B\ L5003 | "\
5

1 fr iR RS s

Fig.1 Drawing of the tensile specimen with dimensions
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Fig.2 FE-SEM micrographs of pure tungsten powder (a), 4 h ball-milled W-Lu,O3; composite powders (b),
and 4 h ball-milled W-Nb-C-Lu,03; composite powders (c)
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Table 1 Theoretical density (p), density (p), relative density

(pr), grain size, Vickers microhardness and tensile
load of the W-Lu,O3 and W-Nb-C-Lu,03 samples
sintered by spark plasma sintering

Grain Hardness, Tensile
Materials prip, priI%  size/ HV/  strength/
pm MPa MPa

W-Lu,03 19.14/17.11 89.37 8~13 4127 136.1
W-Nb-C-Lu,0; 18.67/17.76 95.12 2~5 4963 197.2
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Fig.3 FE-SEM micrographs of W-Lu,O3 (a) and W-Nb-C-Lu,03 (b); EDS spectra of the small second phase

particle selected from Fig.3a (c) and the small second phase particle selected from Fig.3b (d)
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Fig.4 FE-SEM micrographs of fracture surfaces of W-Lu,Os3 (a)
and W-Nb-C-Lu,03 (b)
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Fig.5 TEM micrograph of W-Nb-C-Lu,0O3; composite (a) and
EDS spectra of the selected responding square region
(marked in a black frame) of the second phase particle

from Fig.5a (b)
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Microstructures and Properties of W-Lu,03; Composites
Strengthened with Nb and C Trace Elements

Zhang Jun', Luo Laima'?, Zhu Xiaoyong*, Luo Guangnan? Cheng Jigui'*, Wu Yucheng?
(1. Hefei University of Technology, Hefei 230009, China)
(2. Institute of Plasma Physics, Chinese Academic Sciences, Hefei 230031, China)
(3. Laboratory of Nonferrous Metal Material and Processing Engineering of Anhui Province, Hefei 230009, China)

Abstract: W-Lu,Ozand W-Nb-C-Lu,03; composites were fabricated by mechanical milling and spark plasma sintering. The morphology of
composite powders, surface and fracture surface morphology of the samples were characterized by field-emission scanning electron
microscopy (FE-SEM), energy-dispersive spectroscopy (EDS) and transmission electron microscopy (TEM). The relative density, thermal
conductivity, hardness and strength of the samples were also measured. Results reveal that the addition of trace Nb and C on the basis of
W-Lu,03; composite has an obvious effect on grain refinement, densification and strength increasing. The relative density of
W-Nb-C-Lu,03; composite is 5.75% higher than that of W-Lu,O3; and reaches 95.12%. The grain size of W-Nb-C-Lu,03; composite is
refined from 8~13 pm to 2~5 pm, and its microhardness and strength are significantly improved compared with that of W-Lu,O3
composite.

Key words: W-Nb-C-Lu,03; composite; spark plasma sintering; trace elements
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