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In-situ formation of RE oxysulfide with self lubricating function
during cutting process of cemented carbide tool
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Abstract: As-sintered high activity mischmetal (RE, with lanthanum and cerium) doped WC-8%Co0-0.07%RE (mass
fraction) cemented carbide inserts were tested for the turning of cast iron. The sinter skin, flank face, rake face and
cutting edge of the inserts after testing were observed and analyzed by scanning electron microscopy, energy dispersive
X-ray spectroscopy and X-ray diffractometry. Asynchronous migration phenomenon of lanthanum and cerium from the
inside to the working faces of the as-sintered insert during the turning process was observed. The results show that a rare
earth oxysulfide phase with self lubricating function forms in-situ on the working faces of cemented carbide cutting tool.
The mechanisms for the directional migration and formation of rare earth oxysulfide were discussed.
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Fig.1 Geometry of indexable inserts for turning experiment
(Flank face zone marked by abcd is observation and analysis
zone by SEM and EDXS)
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Fig.2 BSE image of flank face after rough turning of cast iron
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Fig.3 [EDXS spectra of positions in Fig.2: (a), (b), (c) Corresponding to positions 1, 2 and 3, respectively; (d) whole surface
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Table 1 EDXS analysis results of different points of cast iron by rough turning

Mass fraction/%
Position in Fig.2
(0] S La Ce Fe Co w Na K Ca C1
1 46.68 1.87 365 12,19 444 * 271 1737 289 3.21 0.77 4.23
2 37.46 2.15 3.83 16.55 4.82 * 1.02 34.17 - - - -
3 53.92 427 280 1562 5.07 9.50 1.20 7.63 - - - -
Whole surface 22.81 1.35 3.52 1197 340 0.93 496 51.06 - - - -

*: Not included in quantitative analysis because very weak diffraction peak
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Fig4 XRD pattern of whole flank face after rough turning of
cast iron
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Fig.5 BSE image of cutting edge after finish turning of cast
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Fig.6 EDXS spectrum of cross center in Fig.5
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Fig.7 BSE image of flank face after finish turning of cast iron
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Fig.8 EDXS spectrum of cross center in Fig.7
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Fig9 BSE image of rake face after finish turning of cast iron
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Fig.10 EDXS spectrum of cross center in Fig.9
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Table 2 EDXS analysis results of finish turning of cast iron

(mass fraction, %)

Cross center position o S La
In Fig.5 1.01 8.64 3.00
In Fig.7 0.65 9.62 272
In Fig.9 1.12 13.09 2.81
Ce Fe Co W Ca
12.55 1.01 1.50 31.39 1.22
12.79 0.43 2.65 38.32 0.92
17.61 0.69 3.64 50.30 1.40

%3 BEMIMEETIRIEXEOHEMNNE La 5 Ce
AR
Table 3 Mass fraction ratios of La/Ce under different

working conditions

Position 1 Position 2 Position3  Whole surface
in Fig.2 in Fig.2 in Fig.2 in Fig 2
275 3.43 3.08 3.52
Cross center Cross center Cross center
in Fig.5 in Fig.7 in Fig.9
0.24 0.21 0.16
The initial La/Ce ratio in mischmetal is 0.65
F4 LafCeMHTFERER ¥R
Table4 Atomic and ionic radius of La and Ce
Radii/nm
Element
RE RE* RE*
La 0.1877 0.1061 -
Ce 0.1824 0.1034 0.092
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