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Effect of Oxidation on the M echanical and Tribological Properties of
Eutectic Fluorides Containing Wear Resistant Self-lubricating Coating

KUANG Zi-gi*, NIU Shao-peng?, SONG Jia®, LI Ming-kang®, SU Wei-ming?, WANG Chao?,
HUANG Yi-cong?, ZENG Wei%, DAl Hong-liang?, HUANG K¢*

(1. Guangdong Industry Polytechnic , Guangzhou 510300, China; 2. Institute of New Materials, Guangdong Academy of
Science, National Engineering Laboratory for Modern Materials Surface Engineering Technology, The Key Lab of Guangdong
for Modern Surface Engineering Technology, Guangzhou 510650; 3. AECC Shenyang Liming Areo-engine Co., LTD 110043)

ABSTRACT: The work investigates the compositional and structural changes of NiCr/Cr;C,- BaF,/CaF, coatings under
high temperature oxidation, with emphasis on the effect of oxidation on the mechanical and tribological properties of the
coatings which were prepared by HVOF and oxidized at 700, 800 and 850 °‘C. With the aid of scanning electron
microscopy, X-ray diffractometer, microhardness tester, tensile tester and high temperature tribometer, the microstructure,
composition and mechanical and tribological properties of the as-sprayed coating were compared with those of the
oxidized coatings. One specific, frictional wear test was carried out on a high temperature ball-on-disk tribotester
(UMT-Tribolab). The results of previous studies have shown that the coating wears most severely when tested near 300 ‘C. This
temperature point was chosen to investigate the frictional wear performance of the coating before and after the oxidation
treatment, based on the most demanding frictional wear environment.

The results show that the coatings undergo oxidation-induced chromate reactions consisting of surface migration of
fluoride lubricant and selective oxidation of surface Cr in an oxidizing environment above 700 ‘C. At oxidation temperatures
between 700 and 800 °C, the reaction is dominated by the preferential participation of BaF, in the formation of the BaCrO,
phase and the subsequent participation of CaF, in the formation of the Ca,Cr,Os metastable phase with a lignite type structure.
As the oxidation temperature increases to 850 ‘C, the Ca,Cr,Os phase undergoes further oxidation and is completely transformed
into the CaCrO4 phase. At the same time, the formation of Cr,0; on the surface of the coating intensifies as the Cr in the coating
diffuses outwards along fast diffusion channels such as grain boundaries and lamellae interfaces, while the fluoride phase
continues to migrate to the surface and the chromate reaction process proceeds rapidly, resulting in the formation of a large
amount of BaCrO, on the surface of the coating. The rapid chromate reaction results in the "transmutation" of the coating
properties. In particular, the bond strength decreases sharply from 75 MPa in the sprayed state to 20 MPa after oxidation and the
near-surface microhardness of the coating decreases from 735SHV to 190HV after the oxidation treatment at this temperature. In
addition, the volume wear rate of the coating after oxidation at 850 °C increases dramatically from 2.19x10° mm*N-m in the
sprayed state to 16.3x10> mm*/N-m when tested at 300 C.

To summarize, the high temperature oxidation-induced chromate reaction not only destroys the uniformity of the
distribution of the bonded, wear-resistant and lubricant phases, but also causes a significant increase in defects such as holes and
cracks in the coating, resulting in a significant decrease in the mechanical and frictional wear properties. For fluorides containing
brush seal coatings with frictional flash temperature exceeding 800 ‘C during operation, the performance "transmutation" that
occurs after the flash point is an important factor in its short-term failure. Improving the oxidation resistance of the coating and
reducing the intensity of chromate reaction at high temperature will be an effective way to improve the coating failure.

KEY WORDS: brush seal; HVOF; wear-resistant and self-lubricating; fluorides
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1.1 BERMARESER

5% I A AR SR A B 2 g ok R TR T R Y
NiCr/Cr;C,—BaF,/CaF, ( LI N fii5 & BCF) W R %
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Kl 1 BCF ¥ARIEH
Fig.1 Morphology of the BCF powders: a) the surface; b) the cross-sectional

x1 BIRBERBS
Table.1 Composition of the BCF powders

Composition Contents/wt.%
Ni20Cr 22-23
Cr;C, 66-69
62BaF,/38CaF, 8-12

1.2 REHE

FHEE GTV ARIHY K2 S0 3 G4
RG34 BCF )2, WZERE N 0.4~0.45 mm, )2
5 T8 NE SR 900~930 L/h, & 25~28 L/h.
PREEZE 7 0.8~0.85 MPa., MEFH 340~380 mm. ¥
17 40~60 g/min,
1.3 |fiLabie

R JZ R S i o, A8 23 U T RO

e, TFHEEZFEHR 15 C/min, PR H1280 700,
800, 850 C, PRIREMFIE]A 2 h, $ALFRLE o5 Bl Y4
B o BEEE AT REIRE (AR 20 mm, B
6.0 mm ) 7 48 fb A B 7 T Se 4 0 25 2 moHURS KT
0.4 um, S ALALFRAT IS U2 2% 1 HLRS B 0L 36 2.

K2 SHNEFNERERTHERE

Table.2 Surface roughness of the coating before
and after the oxidation treatment

Coatings Surface roughness Ra/pm
as-polished 0.2
as-oxidized at 700 C 0.34
as-oxidized at 800 C 0.75
as-oxidized at 800 C 2.51

1.4 MWK E5 R
KM &S ss (SEM, Nova nano 450, FEI)
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Fig.2 Cross-sectional BSE morphology of the coatings as sprayed and oxide-treated at 700, 800 and 850 C:
a) the as-sprayed coating; b) enlarged view of Fig. 2 a; ¢) the coating as oxide-treated at 700 C;
d) enlarged view of Fig. 2 c; e) the coating as oxide-treated at 800 °C; f) enlarged view of Fig. 2 e;
g) the coating as oxide-treated at 850 °C; h) enlarged view of Fig. 2 g.
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Fig.3 XRD patterns of the coatings as sprayed and
oxide-treated at 700, 800 and 850 C
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Fig.4 Tensile strength, microhardness in the middle

and near surface of the coatings as sprayed and
oxide-treated at 700, 800 and 850 C['*
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Fig.5 Microhardness indentations of the coatings as sprayed and oxide-treated at 700, 800 and 850 C:
a) the as-sprayed coating; b) the coating as oxide-treated at 700 C; c¢) the coating as oxide-treated at 800 C;
d) the coating as oxide-treated at 850 °C; e) enlarged view of Fig. 5¢
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Fig.6 Tribological properties of the coatings as sprayed and oxide-treated
at 700, 800 and 850 °C: a) friction coefficient; b) volumetric wear rate

c 800°C

d 850 C

Bl 7 WERES K 700, 800, 850 CAEALALIES IR )Z B IRIE 5
Fig.7 The morphology of the worn tracks of the coatings as sprayed and oxide-treated
at 700, 800 and 850 °C: a) the as-sprayed coating; b) 700 C; ¢) 800 C; d) 850 C
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