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Effects of Fe on wetting behaviors and interfacial characteristics
between copper alloy and W substrate

YANG Xiao-hong, FAN Zhi-kang, LIANG Shu-hua, XIAO Peng

(School of Materials Science and Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: By the sessile drop technique, the wetting behaviors of Cu-Fe alloys on W matrixes in the vacuum and Ar
atmosphere, and the effect of Fe addition on the bonding conditions of Cu/W interface were studied respectively. SEM,
EPMA and X-ray diffraction were used to analyze the microstructure and bonding mechanism of the Cu/W interface with
the addition of Fe element. The results show that the wetting angle of Cu on W substrates decreases with increasing
content of Fe in liquid Cu, and the wetting angle also decreases with increasing wetting temperature. Compared with the
experimental results in the vacuum, the wetting angle decreases dramatically with increasing content of Fe in Ar
atmosphere, and the contact angle between molten Cu and W substrate decreases from 107.5° to 47.5° while the content
of Fe is up to 1.2% (mass fraction) at 1 300 ‘C. There is an alloying transition layer with a thickness 1-2 pm at the Cu/W
interface, and the straight interface of Cu/W system is turned into serrate interface. With increasing wetting temperature,
the mutual diffusion and dissolution of Cu, Fe, and W atoms are much more intense, the Fe atoms are diffused and
dissolved into the W and Cu matrixes, and there is no new reactive phase on the CuFe/W interface. The bonding
mechanism of Cu/W interface is transformed from the initial mechanical bond into the metallurgical bond by means of
mutual diffusion and dissolution.
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Fig.1 Wetting results of Cu-Fe alloys on W substrate at

different temperatures in vacuum atmosphere
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Fig.2 Wetting macrographs of different sessile droplets on W
substrate after wetting at 1 200 C in Ar atmosphere: (a) Cu;
(b) Cu0.4%Fe; (c) Cu0.8%Fe; (d) Cul.2%Fe
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Fig.4 EPMA line scanning analysis of Cu/W interface after

wetting at 1 150 ‘C: (a) Secondary electrode image of interface;

(b) Elements distribution of W and Cu
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Fig.5 EPMA line scanning analysis of Cul.2% Fe /W

interface after wetting at 1 150 ‘C: (a) Secondary electrode

image of interface; (b) Elements distribution of W, Cu and Fe
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Fig.6 EPMA line scanning analysis of Cu0.4%Fe/W interface

after wetting at 1 300 ‘C: (a) Secondary electrode image of

interface; (b) Elements distribution of W, Cu and Fe
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