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Table 1 Characteristics of raw material powders

Purity Average particle

Powder Appearance % size/um
Reduced tungsten powder  Irregular  99.9 2.0
Carbonyl nickel powder  Irregular  99.5 2.5
Carbonyl iron powder Irregular ~ 99.5 5.4
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Fig.1 Microstructures of samples microwave-sintered at
different temperatures for 30 min: (a) 1535 C,
(b) 1550 C, (c) 1565 °C, and (d) 1580 C

Bl 2 A [ e e 46 2 R e

Fig.2 Fracture morphologies of samples microwave-sintered

25 30 min BFE K W7 0 B SR

at different temperatures for 30 min: (a) 1535 C,
(b) 1550 °C, (c) 1565 ‘C, and (d) 1580 C
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Fig.3 Properties vs microwave sintering temperature: (a) relative
density, (b) tensile strength, (c) elongation, and
(d) hardness

Jun ZFPIHE A A 4 R (1 B S 68 1 ph AN [ B 5 =X 1
SRS AR, W E

0= fwOw + fumOwum T MO uTSfowwOww T, (2D
A fivs fwemns S AT fovw 20 0 A BB 1B W2 g I 2
W-M FHIEIG B RG&5 A GE VR R 28R W-W S 1T K 8¢ P
HIE G o0 an W M BIAHZL 2454 22 S 1 v )
AR =N PR TR BRIE . — RO, oos
ow-w H on BN, B G DR R BE 2 B b i U i 26 g

W El][23-25]:
o=~ fyOw + fymOwm (3
2b A4 T R O S A ORI 2 A AR BT R
A ARG AN FL T, PTG 470 1550 Cledh
B e P h s . Tk, W 2 tRiE R BLE
H, &4 1535, 1565 F1 1580 CHibednd, Wi
oA ORI AL o LI I I g A 4 R R R A1

IR . [RALIR A BRSO, 250
(SE L PR WNIE S SR (RN P FAP R D€
o, BESATINE N, RECREY RAGEM, RES

A SWrRMKR, & AME TR R &40
PAE i I I PSE 1
o =0, exp(-K0) (4

X o HE LB BHI SR, o0 9 BV MR 58
K 8, W T mamdliE TE, 0 AfLEE. W
PER I, Sa LB, &emumEs/h. £ 1550 C

B REEE T, Sk B, LD, Foh et
AE 3501 o
2.3 MRKRERENE S BMELNEE O/

4 JEAE 1550 CAFRPBELT I ) b & a1 2

WAL, TR, FER IR Y, R RS
B R I T P RE K B B K. 1550 Clltibesh 15
min I (&l 4a), B8k RTEUN, H A5 RTE5 A 0 A A
B8]0 XKW 1S min (5RBFE S IRV, VROAH B 4
HREARTE S Wk Fe4: 30 min B (K 1b), & 4+in
BRIV IR B R R 25 AH O 78, 455 B R MRS 45 AH 43 A1 48
W51y rest 45 min (K 4b), BEVRCHIR, BRI
REHFHENE (K5, KYEEOLER.

TEREET IR, Aok R Bl e 45 I 7] 8 1 1) A2
WK R TP,
G" =G!+Kt (5)

K, O RE R G ORISR ¢ B W
KRS Go i WS RLERI6 RS s K A3l ) 245 4
WH KRS S A E L TR AP
=gDCQr /[kT(1- f)] (6)
Xrf, g AWE: D AW FHEEAEPY SR C
KL Q N R « 2 FHHRE; &k /& Boltzmann
W T RAXNRE: [ AR AR 7 H. A (6D
ATLAE Y, B ) 2E A A K S R A RO e [
JE Ry iR S FHiAe . IR TR BOE L, M
(1 4 A A2 A G 28 2 1) [ o e 21, 38 K9 i R
o, A TECK MR, &Rk

B

; “‘,_ 50 pm

Bl 4 1550 CANFITBBESS I 0] N & 6 1 B 20
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Table 2 Properties of samples at 1550 “C for different
microwave sintering time

Sintering Relate Tensile Hardness/ Elongation/
time /min  density/% strength/MPa HRC %

15 98.2 780 29.2 1.8
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3 & i®

1) B R 30 min I8, 494 400 &35 )
“F M 6 B Dk e A5 LR T T IR S BTHE R RE
(taFh, BEEEIE I ol 1550 “CINF, & 411 % 100 g 24k
REIR B TR, AR 8 . PUbramps . LA R FIfif
FE 43590k 98.3%. 920 MPa. 9.7%A1 30.5,

2) YT R AR IR E N 1550 CINF, 4944 1) & 3
7125V REBE A S e 4t I ) I A K B THS R B,
BELE I IR 30 min I, & 400 5% 100 0 24 M Re ARk 21—
O

3) Bl DI e 45 R R 1) T iy B I Joe 45 I TR) 11
FEA, A ORL IR RS I M4 K flind Joe & 3 R B v A
Tl be 45 I TR K, #0HE B R SRR

&% 30k

[1] Zhang Cunxin(7k7715), Qin Libai(ZE Wi AH), Mi Wenyu(k 3L
W) et al. Materials Science and Engineering of Powder
Metallurgy(Fy A6 G4 BHENE 5 TTRE)[T], 2006, 11(3): 127

[2] Pedersen B, Bless S. International Journal of Impact
Engineering[J], 2006, 33: 390

References

[3] Couque Herve, Nicolas Guy, Altmayer Claude. International
Journal of Impact Engineering[J], 2007, 34(3): 412
[4] Zhou Xiaoqing, Li Shukui, Liu Jinxu et al. Materials Science
and Engineering A[J], 2010, 527(18-19): 4881
[5] Zhou Jicheng(J# 4k 7&), Huang Boyun(¥%1H =), Wu Chengen
CRAR) et al. Materials Review(¥ ¥ 5R)[J], 1997, 11(6):
13
[6] Matejicek J, Koza Y, Weinzettl V. Fusion Engineering and
Design[J], 2005, 75: 395
[7] Kawakami Yuji, Ozawa Eiichi. Applied Surface Science[l],
2003, 218: 175
[8] Demirskyi D, Agrawal D, Ragulya A. Materials Letters[J],
2010, 64: 1433
[9] Li Haoxuan, Agrawal Dinesh K, Cheng Jiping et al. Cement
and Concrete Research[J], 1999, 29(10): 1611
[10] Huang S G, Li L, Vander Biest O et al. Journal of the
European Ceramic Society[J], 2007, 27(2-3): 689
[11] Zhu Sumin, Fahrenholtz William G, Hilmas Gregory E et al.
Composites Part A: Applied Science and Manufacturing[J],
2008, 39(3): 449
[12] Travitzky N A, Goldstein A, Avsian O et al. Materials
Science and Engineering A[J], 2000, 286(2): 225
[13] Prabhu G, Chakraborty Amitava, Sarma Bijoy. International
Journal of Refractory Metals and Hard Materials[J], 2009,



* 1288 -

Wi e mA RS TR

a1

27(3): 545

[14] Mondal Avijit, Upadhyaya Anish, Agrawal Dinesh. Materials
Science and Engineering A[J], 2010, 527(26): 6870

[15] Upadhyaya A, Tiwari S K, Mishra P. Scripta MaterialialJ],
2007, 56(1): 5

[16] Zhou Chengshang, Yi Jianhong, Luo Shudong et al. Journal
of Alloys and Compounds[J], 2009, 482(1-2): 6

[17] Zhou Chengshang(J& 7 1), Yi Jianhong(%) {#%%), Luo Shu-
dong(® R /) et al. The Chinese Journal of Nonferrous
Metals("' A (5.4 )& 2% 4)[J], 2009, 19(9): 1601

[18] Peng Yuandong(¥#JG %), Yi Jianhong(%) %), Wu Bin(%
W) et al. Rare Metal Materials and Engineering(%i i % J&
A5 T R[], 2008, 37(1): 125

[19] Peng Yuandong(¥JG7R), Zhang Zhaohui(7K JK#%), Wu Bin
(R W) et al. Materials Science and Engineering of Powder
Metallurgy(Fy K10 &4 BL B4 5 T REH[I], 2007, 12(3): 156

[20] Wu Enxi(%RE), Wu Aihua(% % E). Rare Metals and
Cemented Carbides(Wifi 42 )& L5 i i & 4)[J], 2004, 32(4):

16

[21] Oghbaei Morteza, Mirzace Omid. Journal of Alloys and
Compounds[J], 2010, 494: 175

[22] Fan lJinglian( V& 5%t 3% ). Tungsten Alloys and Its New
Preparation Technologies(# £ 4= & il £ #r £ A)H[M].
Beijing: Metallurgical Industry Press, 2006: 6, 45

[23] Sun Jun, Deng Zengjie, Li Zhonghua et al. International
Journal of Fracture[J], 1990, 42: 39

[24] Liu Wensheng(X|3CIt), Ma Yunzhu(Z 12 #1), Huang Boyun
(31A ). Powder Metallurgy Industry(Fy K if 4 T[],
2007, 17(4): 26

[25] Fan Jinglian, Liu Tao, Cheng Huichao et al. Journal of
Materials Processing Technology[J], 2008, 208: 463

[26] Huang Peiyun(# 5 =). Principles of Powder Metallurgy(¥;
AR 4 IR H)[M]. Beijing: Metallurgical Industry Press, 1997:
382

[27] Bose A, German R M. Metallurgical Transactions A[J], 1988,
19(2): 3100

Effect of Microwave Sintering Parameters on Microstructure and Mechanical
Properties of Powder Extruded Rods of Tungsten-Based Alloy

Liu Wensheng, Zhang Jiajia, Ma Yunzhu, Zhao Yaxu, Xu Zhigang, Huang Boyun

(State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The effects of temperature and time of microwave sintering on the microstructure and properties of powder extruded rods of

W-based alloy were studied. Fracture morphologies and microstructures were examined by SEM and optical microscope, respectively. The

relative density, the tensile strength, the elongation and the hardness of samples were measured and analyzed. The results show that when

microwave sintering time is 30 min, the properties of samples change as a peak shape with the increase of sintering temperature. Upon

sintered at 1550 °C, relative density, the tensile strength, the elongation and the hardness of the samples reach the maximum values of

98.3%, 920 MPa, 9.7% and 30.5, respectively. When the microwave sintering temperature is 1550 °C, the mechanical properties of samples

increase firstly and then decrease with the increase of sintering time. The size of tungsten grains increases gradually with increasing of

microwave sintering temperature and prolonging of microwave sintering time.

Key words: tungsten-based alloy; extruded rods; microwave sintering; microstructure; mechanical property
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