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Abstract: bR S
Pure tungsten with ultra-fine grain size has been fabricated by a novel sintering method combined ARAEH A=

resistance sintering with ultra high pressure in the absence of any additives. The relative density of the bR K
fabricated material is 97.9% and the average grain size is less than 1 pym. the density of the sintered o
sample is mainly contributed by the applied ultra high pressure, while the resistance sintering benefit b A
for high mechanical properties of the sintered material. Compared to another fast resistance sintering b Lk

technology spark plasma sintering, resistance sintering under ultra high pressure shows the advantage
of not only retaining the fine grain size, but also further refining the grain size during consolidation. PubMed
F Article by Zhou,Z.J

F Article by Du,j
Keywords: metallic materials tungsten ultra fine grain resistance sintering ultra high pressure

Wk H B 2008-10-22 &7l H # 2009-01-06 M 4% ik & 4i H #1 2009-10-10
DOI:
FEETH:

F Article by Ma,y

[ 5% H AR B2 T 4:50634060 1 [F 5 5 A5 IERIHF 7T & 71 %1(973)20071D102 % B T H .

TR kA

fE& R :
R AEZ E-mail: zhouzhj@mater.ustb.edu.cn

5% 3Lk -

NMIR M German. J Ma X Wana E Olevskv Processina model for tunasten nowders and extension to



nanoscale

[2]size range, Powder Metallurgy, 49(1), 19(2006)

[3]1Z0U Fangleng, Patent status of nano scale tungsten products of China, China Molybdenum Industry,
29(1), 11(2005)

[41CaB ke, [ P9 GRAS 22 507 it ) L ARG AT, thE HNE, 29(1), 11(2005))

[5]YE Tuming, Yl Jianhong, PENG Yundong, HU Lifu, LV Yuxiang, Progress in research on nano-
crystalline high density tungsten-based alloys, Rare Metal, 28, 726 (2004)

[61CHH& M, e, 2ok, SAALAR, BI0M, AUk E % RS G St E, Mif 48, 28, 726(2004))
[71QU Xuanhui, FAN Jinglian, Powder injection molding and solid-state sintering of nano-crystalline
tungsten heavy alloy, Chinese Journal of Materials Research, 15, 130(2001)

[B1CHIERE, Ju s, 40K MR T A Sl RIS 3R 5 W ARBe 4, MEMHF 4K, 15, 130(2001))
[9]J-Mohit, S.Ganesh, M.Krista, K.Deepak, C.Kyu, K.Bradley, D.Robert, A.Dinesh, J.Cheng, Microwave
sintering: A new approach to fine-grain tungsten-1, International Journal of Powder Metallurgy, 42(2),
45(2006)

[10] Y.Kitsunai, H.Kurishita, H.Kayano, Y.Hiraoka, T.lgarashi, T.Takida, Microstructure and impact
properties of ultra-fine grained tungsten alloys dispersed with TiC, Journal of Nuclear Materials, 271-

272, 423(1999)"““"'

[11]J.Mohit, S.Ganesh, M.Krista, C.Kyu, K.Bradley, D.Robert, K.Deepak, A.Dinesh, J.Cheng, Microwave
sintering: A new approach to fine-grain tungsten-I1, International Journal of Powder Metallurgy, 42(2),
253(2006)

[12] Z.A.Munir, U.Anselmi-tamburini, M.Ohyanagi, The effect of electric field and pressure on the
synthesis and consolidation of materials: A review of the spark plasma sintering method, Journal of

Materials Science, 41, 763(2006) cresd™
[13] K.Moon, H.Park, K.Lee, Consolidation of nanocrystalline Al-5at.% Ti alloy powders by ultra high-

pressure hot pressing, Materials Science and Engineering A, 323, 293(2002)"‘“"“ll

[14]WANG Zhifa, JIANG Guoshen, LIU Zhengchun, Ultrapressure Forming and Low-Temperature
Sintering of Tungsten, Rare Metal Materials and Engineering, 27(5), 290(1998)

[15]1(CE&E, ZEE, IER, 000 kR SRl 4, A aEMES TR, 27(5), 290(1998))
[16]ZHOU Yusong, WU Xijun, LI Binghan, XU Guoliang, Synthesis of bulk samples of nanocrystalline
tungsten, Chinese Journal of High Pressure Physics, 14(3), 291(2000)

(L7108 548, R, A0KTE, VPE R, RS IR EOR G % 20K SR A PURR R, & ISP B4, 14(3), 291
(2000))

[18] Z.Zhou, J.Du, S.Song, C.Ge, Microstructural Characterization of W-Cu Functionally Graded
Materials by one step resistance sintering method, Journal of Alloy and Compound, 428, 146

(2007):m::'.'

AT IR

1. JAMERE MKE SREDES. ZRE T MCM--417p TR K &5 oM AL TERE[I]. FPREMITSU2A4, 2009,23(2): 199-204
2. SRAB IR AN AL ; FE . 78 2% R) (B ) B8 [ 1 & Jm A4 B [9]. AMBMIT 9224, 1998,12(4): 345-351

3. ARHE M LICEAE SRR LY B AR T3] MRS AR, 1997,33(1): 69-77

4. JEHM BRA VEIL AL - AR R B 4R A BR[I]. MBI SEAA A, 2009,23(6): 663-667

5. MZEE MRk HEUE e 22 AEL A Inconel690 A & TR (KR AIAT i [3]. FORHIFFC 4], 2009,23
(6): 668-672

6. TEL skutiE RIE BRAE A0 M AZOIDEES SR B b A AL IO A AR I [, MR TR,
2009,23(6): 656-662

7. WEHE XIS rEE A0 SRR O AR S AT A AR RE I SE R [I]. MRS AR,
2009,23(6): 628-634

8. RIS HEI #ET FMLBAXILIFePO, LA IERERILIA[I]. MEHITITA ), 2009,23(6): 646-651
9. Peski Feipug JHHCOT K. B2 sio2xtFeCo gk ik HLRLVE RE AISL M [I]. MEMIFSEA)R, 2009,23(6):
652-655

10. AR SRR PNIERE 52 5 AR i Hon 2k 2 T R D LC SRS A PE K2 [0]. FPRMIT ST, 2009,23
(6): 598-603

Copyright by # R 97243



