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Evaluation Methodology of Oxidation Resistance of

Porous Abradable Coating
SUN Zerui, DONG Lin, LIU Meijun, YANG Guanjun

(State Key Laboratory for Mechanical Behavior of Materials, School of Materials Science and Engineering,
Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Oxidation resistance of the abradable sealing coating is an important factor in determining its service life. How-
ever, the sealing coating possesses a porous structure with porosity up to 50% , which makes classical weight gain rate evalu-
ation methods inapplicable. To evaluate the oxidation resistance of porous coating accurately, this work investigated the typi-
cal porous abradable sealing coating. First, oxidation kinetics of the coating and distribution of oxide film were systematically
studied. Then, an inner surface oxidation mechanism of the porous coating was revealed. Finally, a reasonable method for
evaluating the oxidation resistance of porous coating considering the actual oxidized surface area was established. Results
showed that pores in the coating served as rapid diffusion channels for oxygen in the environment, significantly increasing in
the contact area between the coating and the environment by several orders of magnitude, and an increase in the calculated
oxide film thickness by several orders of magnitude than the actual oxide film thickness. Based on this, this work calculated
the actual oxidation area by establishing a porous coating model and thus established an evaluation method of the oxidation
resistance. According to the proposed evaluation method, the average oxidation rate at 600 “C under air condition of NiCrAl-
bentonite abradable sealing coating prepared in this work was 1. 8x107> g -m™>-h™", which had reached the level of complete
oxidation resistance based on standard HB5258—2000. The established evaluation method is meaningful for accurately eval-
uating the oxidation resistance performance of porous coatings to ensure their reliable service.

Key words : sealing coating; pore; contact area; oxidation kinetics; oxidation resistance
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2.1 MEMBESREHE
RESRAI R M, R, mrY R &
BT 0PI R A — RPN AL, TR ZS K S 15
BRI S AT R A SER BT R TC4 &4,
EER S 25,4 mmx3 mm; K545 241K ] NiCrAl
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PR NiCrAL-BZ i A8 BB B oK, Wi ok
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Bl 1 NiCALZHE S AIES: () RIESL, (b) EIETESL
Fig. I Morphology of NiCrAl-bentonite powder: (a) surface morphol-

ogy, (b) cross-sectional morphology

NiCrAl #6452 % H KR E B FE (air plasma spra-
ying, APS) kil 4, NiCrAl-iZiE £ v BEFETH )2 R HE &
P IABERIE R %, T 2SBOMININR 1 13 2 Fs,

R1 NCAIMERRSEETHRIZSH
Table 1 Air plasma spraying process parameters of NiCrAl bond

layer

Process parameters Value
Argon flow/SLPM 452
Hydrogen flow/SLPM 6+2
Carrier gas flow/SLPM 61
Current/ A 600

Voltage/V 60

Spraying distance/mm 80
Powder feeding rate/ (g +min™") 60+2

Notes: SLPM represents standard liters per minute
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Table 2 Oxyacetylene flame spraying process parameters of

abradable top coating of NiCrAl-bentonite

Process parameters Value
Acetylene flow/SLPM 22+2
Oxygen flow/SLPM 23+2
Carrier gas flow/SLPM 5+1
Spraying distance/mm 100
Powder feeding rate/ (g +min™") 50+5

2.2 BREZEHSMHEEENK
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Fig. 2 Oxidation kinetic curves of coatings at different temperatures;

(a) oxidation weight gain curves, (b) theoretical thickness in-

crease curves of oxide films
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E .
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2 .
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£
o }\_..4
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26/(°)
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Fig. 3 Surface phase composition of coatings before and after oxida-

tion at 600 °C for 200 h
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RS T AR IS v A RN B AL A5 1 U J 2 AT (181 de T 4F) TEPH
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(&l 4g) FEAE R 23 B IR K G AL IR, IR 298 0.3 wm;

AACSTRIZ T (& 4h) AACRERA (O BIRE A S J Sti, F
HBEIRZ09 0.8 pm, XSWERMIEHDIEER—E,

As-sprayed

After oxidation

Bl 4 WRZEFA(600 C/200 h) FIS I BAOEHAZA: (a, b) Wi
SHMEMSR R BRARETES, (o, d) BRASHAAS
WENBMREER, (e, )BIREMAMSRZ IR
HIER, (g, h) BERSMEERZ 1 & A HImER

Fig. 4 Microstructures evolution of coatings before and after oxidation at
600 °C for 200 h: (a, b) low-magnification surface morpholo-
gies of as-sprayed and oxidized coatings, (¢, d) high-magnifica-
tion surface morphologies of the as-sprayed and oxidized coat-
ings, (e, f) low-magnification cross-sectional morphologies of
as-sprayed and oxidized coatings, (g, h) high-magnification

cross-sectional morphologies of as-sprayed and oxidized coatings
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K5 REEMREE.: () ZERZ, (b) ZKRE

Fig. 5 Schematic diagram of coating oxidation: (a) dense coating, (b) porous coating

Ho ZALREAAEBREE

Fig. 6 Schematic diagram of porous coating oxidation area
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Fig. 7 Oxidation kinetic curves of coatings at different temperatures after

oxidation area correction: (a) oxidation weight gain curves,

(b) theoretical thickness increase curves of oxide film
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