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1451 74 1080 CHRiR 4 h #1#) Si-Co-Y &
AT BSE B3, K 2 i #iE EDS s R L4
B JLUEHEHBEREEL 63um, AR EHEAGZE
ik, HE lav i, BEEKTIEL 5 pm KRR E
RZ, WHRE A D& RCRIERAK B 4H; EDS B
g R kKA RE R R SN
31.9Ti-54.4Si-0.6A1-12.6Nb-0.3C0-0.2Y (J&i 17 %k, %),
H Rk G SRR, 18 60%~62% 7. 45i&
Ti-Si —seHIEPL, EDS misr o4 A0 XRD & (]
[k, BEXETEN TiS, . BENINZHHF
%, B4 31um, HIRKEERIKE 2 AR S 4 %
EDS Wi/ /i 5 R, B E4ME T S Ti & =5
HIFE 30%~45%F1 35%~50% [H] . 454K 2 i) XRD
BEA Ti-Si AR P a a, B2 SNE EEH TiSi.
TisSis Fl TisSig VA 4R, Ho ™ 8 X Al & 2505,
218 4.3%. BIEMHEEEL) 15 um, H 2 AR
FERIAHZL S EDS Biar 7 B4 SR8 8, 2 Mo Ti Al
S KR TFEHBZA 53, B Al EEHLEETFHY
12.9%[% MK 22 £ 0.4%, W] W, o (8] J2 32 2 e TisSig A4 R
WERZERTZER Al SRAFEMN. BEMNEZR
K, JEZ) 12 um; EDS 43 MR B )2 Ti AT AL 5
B3 %1 27.5%H1 58.2%, A WL EE A TiAl, A7,

Bl 1 £ 1080 CHRiE 4 h#il %K) Si-Co-Y &)= ki BSE 3
Fig.1 Cross-sectional BSE images of Si-Co-Y coating prepared at 1080 ‘C for 4 h
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Fig.2 EDS element line scannings of the Si-Co-Y coating

prepared at 1080 ‘C for 4 h
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Fig.3 XRD patterns of the superficial zone and outer layer of the
Si-Co-Y coating prepared at 1080 ‘C for 4 h (XRD
analysis of the coating outer layer was conducted on the
surface ground by 1500# SiC paper of 10 pm from the

original surface of the coating)
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Fig.4 Cross-sectional BSE images (a~c) and EDS element line scanninigs (a;~c,) of Si-Co-Y coatings prepared at 1080 C for different

time: (&, &) 0h; (b,b;) 1h; (c,ci)2h
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Fig.5 XRD patterns of Si-Co-Y coating surface prepared at
1080 °C for different time
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b, mATLRE 1 ME 4 s B 2 EE Rtz
JZB, i Co-Si 8f Co-Al tb & WM HE L B, 3%t 2
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5Ti+3S = Ti,Si,; AGri_s, (1080 C) ~ -588.6 k¥mol (1)

Ti.Si,+S = Ti.Si,; AGns, (1080 C) ~ -92.4 kImol (2)

Ti.Si,+S =TiS,; AGris, (1080 C) ~ -43.9kImoal  (3)

TiSi,+4C0=2Co0,Si+Ti;

AG, (1080 C) ~ -62.8 kJ/mol

Co,Si+Si = 2C0Si; AG,g, (1080 C) ~ -29.4 kJmol (5)

CoSi+Si=2CoSi,; AGg, (1080 C) ~ ~12.8 kImol  (6)
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Fig.6 Equilibrium partial pressures of the vapor halides in the
pack at temperatures of 1000~1200 ‘C
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Kl 7 Si-Co-Y &5 TiAl #4& & 41 950 CRIE SN )5 th 2k
Fig.7 Oxidation kinetics of Si-Co-Y coating and TiAl substrate
a 950 C (the parabolic equation can be written as

y2=a+kpt, where y is the oxidation mass gain per unit area

(mg/cm?), kp is the oxidation parabolic rate constant, and ¢
is the oxidation time (h))

Kl 8 JEfk&EM Si-Co-Y & EAFE7E 950 C A AL AN A I 8] J5 1) 25 M T 3
Fig.8 Macroscopic morphologies of the substrate (a~ag) and Si-Co-Y coating specimens oxidized at 950 “C for different time (b~bs):

(a b) 1 h; (ay, by) 10 h; (&g, b2) 50 h; (&, bs) 100 h
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Bl 9 Si-Co-Y i3/27F 950 ‘CHfk 1 M 10 h J5 MR i BSE ESURIIG & 1 4 46
Fig.9 Surface (g c) and cross-sectional BSE images and element distribution (b, d) of Si-Co-Y coating after oxidation at 950 “C for 1 h (a, b)

and 10 h (c, d)
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26/(9)
Kl 10 Si-Co-Y £)Z7E 950 CH fk 1 F1 10 h J5 3R Hl XRD
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Fig.10 XRD patterns of Si-Co-Y coating surfaces after oxidation
at 950°C for 1and 10 h
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B, RZE AR SR H & B 0 R B
ROR s WAL AT EDS JCE T R BT A oA
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1 AlLO; I8 & 4k
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Bl 11 Si-Co-Y $Z2J21E 950 ‘C4i{k 100 h J5 )£ f . #ifi BSE JE$U A XRD Kl i
Fig.11 Surface (a) and cross-section BSE images (b, b1) and XRD pattern (c) of Si-Co-Y coating after oxidation at 950 ‘Cfor 100 h
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Fig.12 Cross-section morphology and EDS element mappings of Si-Co-Y coating after oxidation at 950 ‘Cfor 100 h
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High-Temperature Oxidation Behavior of Si-Co-Y Co-deposited Coating Prepared on
the Surface of TiAl Alloy by Pack Cementation Process

Lv Wei? Li Xuan™?, Wei Zekun'?, Xie Xiaoging®, JiaLina®, Lai Sheng*

(1. College of Mechanical Engineering, Sichuan University of Science and Engineering, Zigong 643000, China)
(2. Key Laboratory of Mechanical Structure Optimization & Material Application Technology, Luzhou 646000, China)
(3. Sichuan Vocational College of Chemical Industry, Luzhou 646000, China)

(4. Beihang University, Beijing 100191, China)

Abstract: Si-Co-Y co-deposited coating was prepared on the surface of TiAl aloy by pack cementation process. The microstructure,
formation mechanisms, and oxidation performance of the coating at 950 °C were analyzed. Results show that the obtained Si-Co-Y
co-deposited coating is compact and possesses multilayer structure: it is mainly composed of TiSi, superficial zone, TiSi, and TisSi4 mixed
outer layer, TisSiz middle layer, and TiAl, inner layer. The growth of Si-Co-Y co-deposited coating is controlled by inward diffusion of Si,
which follows an orderly deposition process of Si, and then Co and Y atoms. High-temperature oxidation tests show that the Si-Co-Y
co-deposited coating has good oxidation resistance, which is attributed to the formation of a protective oxide scale consisting of SiO,, TiO,
and Al,O3. The growth of the oxide scale on the coating follows a parabolic law, and the parabolic rate constant of oxidation mass gain is
about 6.3x102 mg?-(cm*-h¥?)%, which is lower than that of the TiAl substrate by about one order of magnitude.

Key words: TiAl alloy; Si-Co-Y co-deposition; coating structure; coating formation; high temperature oxidation
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