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Fig.l Morphologies of nanocrystalline layer on surface of W plate and coarse-grained structure in the matrix (a); XRD patterns of W plate before

and after pressure-assisted heat treatment (b)
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Fig.2 Morphologies (a—b) and grain size distribution (c) of coarse grains inside W plate after pressure-assisted heat treatment



R GRS QA SR IS ) A PR T 200 < B30T R T 9K AL Ab 2 . 1295 -

3.3 $BIRFREMKBERNLH TTAE R T AN R] X33, K AoRL AR TR SR RO s A X

AN 4 s A DSBS BCR AN F X gy 7E 1 3a.3b o 1 DX, S5 R 40 oK ok i RS 5 i /)
KL TSR RS A STk 45 5. WL 894 300 nm, P2 {E N 26373 nm. £E K 3¢ s 91X 48,
RIZHLEMPAREREBIHE . HGRENIERAA SRR K 5Ok R ¥ 3 25 200~300 nm, 7 EI{E N
GUMLE , B2 RANKACITEE A W 8. RIMAIK 243+76 nm. 11 7E 18] 3d B 1 X8, 870 28 K kL 2 3
s J2 0 R B S AR S SR RS 3 /)N T 500 nm EH A I TR A R e, R RS 9 200~500 nm, ~F 25 8

K13 AR W AR R THAS R X IR K i A T 3
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Fig.4 Statistical results of grain size distribution of different regions on the W plate surface after pressure-assisted heat treatment (Fig. 4a—4c

correspond to regions in Fig.3b-3d, respectively)
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Fig.6 Differences of microscopic flatness on the W plate surface (a); grain morphologies in the tightly bonded areas under high pressure (b), non-

tightly bonded areas under low pressure (c—d), and transition areas under uneven stress (e)
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Nanocrystallization on Surface Layer of Tungsten Using Pressure-Assisted
Heat Treatment Process

Zhang Pengfei', He Huanju', Zhang Zhansheng', Wang Biao', Qu Jingjing', Lin Tiesong’, Yang Zhihua’
(1. School of Materials Science and Engineering, Henan University of Science and Technology, Luoyang 471000, China)
(2. State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China)
(3. Institute for Advanced Ceramics, Harbin Institute of Technology, Harbin 150001, China)

Abstract: To further improve the service life of tungsten (W) workpieces under harsh working conditions such as high-energy irradiation and arc
erosion, it is necessary to carry out nanocrystallization treatment on the W surface to further improve the fatigue resistance and radiation resistance
of surface materials. However, due to the high melting point and high hardness of W, it is very difficult for the surface material of W to undergo
plastic deformation or local melting. This research used pure W plate as raw material. The W plate was applied with a pressure of 10 MPa, and
then it was heated to 900 °C in a vacuum environment and kept at this target temperature for 3 h. The surface of W plate was treated by the
pressure-assisted heat treatment process. The results show that for the treated W plate, a nanocrystalline layer with a thickness of 2—4 pm is
formed on its surface, and the nanocrystal layer exhibits a uniform thickness. The nanocrystals are equiaxed in shape, with an average grain size
generally less than 300 nm. However, the microstructure inside W plate still keeps coarse grains. The nanocrystalline layer is firmly bonded to the
internal coarse grains, without any obvious interfaces. This work is potentially to explore a more efficient and convenient technical path for the
surface nanocrystallization of refractory metals such as W, which has important theoretical significance and practical application value.
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