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severe load conditions. The chromizing treatment was conducted on GCrl5 bearing steel surface by pack cementation. Three
kinds of Cr-RE chromizing coatings were obtained by adding different rare earth oxides (such as La;03,Y,0; and CeO,). The
surface and cross-section morphologies, phase composition, chromizing coating composition, microhardness, bond strength and
friction and wear properties of the Cr-RE coatings were characterized by scanning electron microscopy (SEM), X-ray diffraction
(XRD), Energy Dispersive Spectrometer (EDS), Micro Vickers tester, Rockwell-C hardness tester and ball-on-disc wear tester.
From the results, the addition of any rare earth could form a uniform, continuous and compact rare earth modified chromizing
coating with thickness of 10 um on the surface of GCr15 bearing steel. The Cr-La coating had the best toughness and adhesion,
and its indentation grade was HF1. The coatings were mainly composed of Cr;C;,Cr,C and (Cr,Fe),C;.The Cr-RE coating
significantly increased the surface hardness, and the Cr-Y coating had the highest surface hardness of 1520HV. These three
Cr-RE coatings could improve friction and wear resistance. The Cr-La coating showed the best tribological properties with
average friction coefficient of 0.4714 and wear rate of 4.4806x10”" mm*/(N-m) and the wear mechanism was adhesion transfer
and oxidation wear. Chromizing doped with rare earth can improve the toughness and wear resistance of the chromizing layer
and Cr-La coating has the best comprehensive performance.

KEY WORDS: GCrl5 bearing steel; Cr-RE coatings; rare earth oxide; friction and wear property; pack cementation
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wt%
C Si Mn Cr Mo P S Ni Cu Ni+Cu
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Fig.3 SEM cross-sectional morphologies and interface line scanning analysis results of the Cr-RE coatings

k

1.5+

150
1.0 -

100
0.5 |-

0 0 1 1
0 10 20 pm 0 10 20 pm
a CKal 2 b CrKal

(=]

10 20 pm 0 10 20 pm
¢ FeKal d LalLal

Kl 4 Cr-La B2 A IR LTSS
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Fig.5 XRD patterns of the Cr-RE coatings
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Tab.3 EDS analysis of wear scar on GCr 15 substrate
wt.%

Element C O Si Fe
Point-1 in Fig.10a 4.44 28.61 11.69 55.25
Point-2 in Fig.10a 4.55 2.73 0.84 91.87
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Tab.4 EDS analysis of wear scar on Cr-La coating

wt.%
Element C N O Si Cr
Point-1 in Fig.10b  6.84 4.57 19.11 3.00 66.48
Point-2 in Fig.10b  5.62 9.74 — — 84.64
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