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Tablel Chemical composition of glass powder (/%)

SiO2 B203; Al:O3 NaxO Li2O ZnO BaO CaO MgO Other
51-5318-20 7-9 5-7 1-3 1-3 2-4 5-7 2-4 1

R2 RE-MEZRHEARRS

Table2 Composition of glass-ceramic slurries (g)

Sample TizAlC2 Binder H;O Dispersant
powder

TACO 20.0 0.0 10.0 20.0 0.1

TACI1 19.8 0.2 10.0 20.0 0.1

TACS 19.0 1.1 10.0 20.0 0.1

TACI10 18.0 2.0 10.0 20.0 0.1
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Gy AT JE E A ET S A AR A, K S B
£ 0.06°/s+ TEFEEFTE] 1 sy HFTEHE 10°~90°, [FIH,
8 FHBOG 3L B4R B hr B 1% 4 (Xplora Plus) Al X
SR T REIEIY (ESCALAB 250Xi) 73 Hrig )2 (1 45
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Fig.1 Photos of glass-ceramic coatings with different
Ti3AlC: addition ratios before (drying at 60 C for
720 min) (a-d) and after (e-h) antioxidation test at
950 C for 70 min: (a, e¢) TACO, (b, f) TACI,
(c, g) TACS, and (d, h) TAC10
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Fig.2 SEM images of coating surfaces before (a-d) and after (e-k) antioxidation test and Ti element distribution of TACI10
coating surface (1): (a, e) TACO, (b, f, i) TACI, (c, g, j) TACS, and (d, h, k) TAC10
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Fig.3 BSE images (a-h) and Ti element distributions (i-1) of different coating cross sections after antioxidation test: (a, e, i) TACO;

(b, £, j) TACI; (c, g, k) TACS; (d, h, 1) TAC10

£33 BEIHEGIEAHTRDN

Table3 EDS analysis of marked pointsin Fig.3 (at%)
Sample Point B C o Na Mg Al Si Ca Ti Zn Ba
1 15.5 - 22.1 0.4 1.4 7.7 38.9 5.4 - - 8.7
TACO
2 9.5 - 25.8 1.8 1.6 7.3 39.9 6.8 - - 7.3
3 40.4 - 34.3 3.6 0.3 2.3 9.1 - 1.1 8.9 -
TAC1 4 7.0 - 57.5 2.3 0.4 4.3 23.9 3.2 1.4 - -
5 5.7 - 46.8 3.2 1.2 6.7 30.8 2.7 - - 3.0
6 - 25.5 34.8 - - 4.7 2.6 - 32.6 - -
TAC5 7 2.2 - 38.7 1.0 1.0 1.2 53.4 1.6 0.4 0.4 0.2
8 5.6 - 47.8 2.6 1.2 7.4 25.3 5.0 1.9 0.7 2.5
9 3.1 - 67.2 2.5 0.8 3.0 7.0 1.6 14.7 - -
TAC10 10 19.3 - 50.7 3.0 1.0 5.8 15.4 3.0 1.7 - -
11 17.0 - 60.6 1.5 0.3 2.0 4.3 1.7 12.5 - -
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0
Without 0 5 10
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Addition of Ti;AlC,, /%
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Fig.4 Cross sectional metallographic images (a-¢) and statistical histogram of the a-case thickness (f) of glass-ceramic coatings

with different TizAlC, addition ratios: (a) uncoated sample, (b) TACO, (c) TACI, (d) TACS, and (e) TACI10
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Fig.5 Schematic diagram of micro-Vickers test (the white diamonds indicate indentations) (a); Vickers microhardness of cross

sections between glass-ceramic coatings with different TizAlC, addition ratios and TC4 alloy substrate: (b) uncoated

sample, (¢) TACO, (d) TACI, (e) TACS, and TAC10 (the gray shading indicates TC4 substrate that does not contain
p gray g
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Fig.6 XRD patterns of glass-ceramic coatings before (a) and

after (b) antioxidation test
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Fig.7 Raman spectra of glass-ceramic coatings after antioxidation test
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Ti3zAlC, addition ratios
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Table4 Gibbsfree energy (G) of different substances (kJ/mol)

Temperature, 7/K TizAlC2 (0] a-Al1,03 TiO2 Ti203 CO2 CO
1100 -648.383 —245.402 -1796.562 -1041.550 -1686.073 -656.577 -347.014
1200 -680.526 —-270.251 -1816.343 -1055.784 -1711.713 -684.274 -370.937
1300 -714.185 —-295.397 -1837.194 -1070.651 -1738.591 -712.441 -395.145

*56 TRLFAFERANETHFTEHE
Table5 Gibbsfree energy (G) of different chemical equations (kJ/mol)
Temperature, 7/K Eq.(1) Eq.(2) Eq.(3) Eq.(4)
1100 -13 106.562 -11 611.666 -11 460.606 -9965.71
1200 -12 838.409 -11 412.717 -11 250.032 -9 824.34
1300 -12 570.857 -11 214.077 -11 040.782 -9 684.002
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High-Temperature Antioxidation Protection and M echanism of
TizAlIC2-Glass-Ceramic Coating on Titanium Alloy

Yuan Haojie, Tian Xin, Liu Ying
(College of Materials Science and Engineering, Sichuan University, Chengdu 610065, China)

Abstract: In order to enhance the high-temperature antioxidation protection effect provided by glass coating on titanium alloy,
Ti3AIC; reinforcing phase was introduced into pure glass coating slurry by ball milling method, the slurry was scraped onto the
surface of TC4 alloys, and the antioxidant test was conducted. The results show that when 5% (wt%) TisAIC2 (TACS coating) is
added, the thickness of a-contamination layer of the TC4 alloy substrate is minimized, measuring approximately 65.78 pm. In
comparison to the pure glass coating under similar test condition, the thickness of a-contamination layer of the TACS5 coating is
reduced by about one quarter. The Gibbs free energy of the reaction of TizAlC, with Oz from 1100 K to 1300 K is negative.
Combined with BSE, XRD, Raman and TG tests, the results show that TizAlC: reacts with the oxygen infiltrated into the coating to
preferentially generate Al,Os; and TiOz, which reduces the contact between the substrate and the oxygen and improves the
high-temperature antioxidation protection of the coating. In the meantime, the surface and interior of the coating develop
micropores due to the CO2 gas produced by the oxidation of TizAlCo.

Key words: titanium alloy; glass-ceramic coating; antioxidation; TizAlC:
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