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Table 1 Powder proportion of masterbatches

Powder material composition, w/%

Matrix Mo s T Al Reaction temperature/’C ~ Reaction atmosphere
Graphite 89 11 1550 Ar
Graphite 36(MoSi,) 50 14 1550 Ar
Graphite 23 63 14 1550 Ar
Graphite 23 63 14 1550 Ar
Graphite 23 63 7 7 1550 Ar
Graphite 23 63 14 1800 Vacuum
Graphite 23 63 14 1800 Ar
Graphite 23 63 14 1550 Vacuum

Carbon paper 23 63 14 1550 Vacuum

) Mo-Si-C-X(X=Al, Ti)fc t /18 & 8 A CRL B <75
um)o hHFIRTTHE, SRR R R I LR R R AN [
2, MR m(Mo):m(Si)=89:11 RSk A 45 (14
JEFRIRN 89Mo-11Si B BEIR ) WA AR ILAE A M T
ALEREENL L BRBE 8 ho 36 B A BN i B ol 4
Mo-Si-C-X(X=ALT)A R Z, H IR E DR UG sa
TR BT, RS R AR SRR PR s (a1 1
FiR)e il &R 2t fa, 2Rk SR B A N n#urh
FLASF] 2.5X 107 Pa Ji FFUR I, Jelndhg 150 CHR
0.5 h 5 LA 10 °C/min FHELZ AR « Ar SR
R N DRI, A A E 2.5X 107 Pa
FER A PG IR BRI L S °C/min [ 1000 C
JEBEY YA . XTSRRI 10 ANEREFES R T
XRD A5l o A7 58 HEAR R I ID % e 25 A7 IR =) il 46
MG, G8EAN S5 mm, HEY 45 mm.
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Fig.1 Schematic diagram of evaporation system
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Fig. 2 XRD  patterns
Mo-Si-C-X(X=ALTi) ceramic
(a) 89Mo-11Si; (b) 36MoSi,-508i-14Ti;
(c) 23Mo-63Si-14Ti; (d) 23Mo-63Si-14Al;
(e) 23Mo-638Si-7Ti-7Al
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& 3 89Mo-11Si &4 /=1 SEM 1%

Fig. 3 SEM images of 89Mo-11Si ceramic coating: (a) Surface; (b) Local area b in Fig. 3(a); (c) Local area ¢ in Fig. 3(b); (d) Local

area d in Fig. 3(b); (e) Section; (f) Local area f'in Fig. 3(e)
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Fig. 4 SEM images of 36MoSi,-50Si-14Ti ceramic coating: (a) Surface; (b) Local area b in Fig. 4(a); (c) Section; (d) Local area d

in Fig. 4(c)
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B 5 23Mo-63Si-14Ti M &4 21 SEM %

Fig. 5 SEM images of 23Mo0-63Si-14Ti ceramic coating: (a), (b) Surface; (c) Local area ¢ in Fig. 5(b); (d) Section; (e) Local area d

in Fig. 5(d); (f) Local area f'in Fig. 5(d)
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Fig. 6 SEM images of 23Mo-63Si-14Al ceramic coating: (a) Surface; (b) Local area b in Fig. 6(a); (c), (d) Section
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B 7 23Mo-63Si-7Ti-7Al P #3421 SEM 1%

Fig. 7 SEM images of 23Mo-63Si-7Ti-7Al ceramic coating: (a) Surface; (b) Local area b in Fig. 7(a); (c) Local area c in Fig. 7(a);

(d) Local area d in Fig. 7(b); (e) Section; (f) Local area f'in Fig. 7(e)
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Fig. 8 XRD patterns of 23Mo-63Si-14Ti coating at different
conditions: (a) 1550 ‘C, Ar; (b) 1550 °C, vacuum; (¢) 1800°C,
Ar; (d) 1800 C, vacuum
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Fig. 9 SEM images of 23Mo-63Si-14Ti coating at 1550 C and vacuum condition: (a) Surface; (b) Local area b in Fig. 9(a); (c)

Section; (d) Local area d in Fig. 9(c)
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Bl 10 1800 ‘CILAS4MF Nl 23Mo-63Si-7Ti-7Al Fi 2k f) SEM 1%
Fig. 10 SEM images of 23Mo0-63Si-7Ti-7Al ceramic coating at 1800 ‘C and vacuum condition: (a) Surface; (b) Local area b in Fig.
10(a); (c) Section; (d) Local area d in Fig. 10(c)

111800 CHd T4 1 T il % 1
23Mo-63Si-7Ti-7Al P %R )2 SEM
%

Fig. 11 SEM images of 23Mo-63Si-
7Ti-7Al ceramic coating at 1800 ‘C and
Ar condition: (a) Surface; (b) Section;

(c) Local area c in Fig. 11(b)
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Fig. 12 XRD pattern (a) and SEM image (b) of
23Mo-638Si-14Ti coating prepared in carbon paper substrate in
argon at 1550 C: (a) XRD; (b) SEM
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(@) (b)
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Evaporation source
Bl 13 Mo-Si-X-C(X=ALTi)Fg &k 2 FE HebL il
Fig. 13 Formation mechanism of Mo-Si-X-C(X=Al,Ti) coating: (a) Initial stage of 89Mo-11Si coating, 1550 C, Ar; (b) End stage
of 23Mo-63Si-14Ti coating, 1550 C, Ar; (c¢) End stage of 23Mo-63Si-14Ti coating, 1800 C, vacuum

3 AEM S ET Mo-Si-X-C(X=Al, Ti)
RN F R

£ 2 A0 1550 C a4 Nl AR Z
1254 RE . R 2 W&, 23Mo-63Si-7Al-7Ti P %
WIZ RIS A R . IO T RIS Al
AT JTCEGRIZ KR R 2 AR S g5 4, A A
TS RE B T 1M A 2 10 AL R A AL R
23Mo-63Si-14Ti P8R )22 ) 4 VE R BRI 3 22 )5 A
Xf EE 89Mo-11Si F 36MoSi,-50Si-14Ti P& 2, |
O T BRI SIC/Si 4Lk, AR TR T
F1VERE . R R RN R ) T BUR )2
(T s 2 P RGP FARARG, F 2 8 it 2 TR L A o
MAESCER[TORE HH 4R H, A8 Al 2 S ER 2 =31

R2 AFERIRIZR R
Table 2  Mechanical properties of different coatings at

1550 C in argon

Compressive Hardness, Modulus of
Sample o

strength/GPa HV clasticity/GPa
89Mo-11Si 19.451 1832 236.579
36MoSi,-50Si-14Ti 16.254 1505 246.741
23Mo-63Si-14Ti 12.438 1173 160.878
23Mo-63Si-14A1 16.751 1581 229.979
23Mo-63Si-7Ti-7Al 19.584 1848 255.124

Carbon matrix

Evaporation source

(©)

Carbon matrix
00
00

MW@@\

“ Liquid Si

O/..ﬁ oM 40, ﬂ

. O. . (Tig Moy ,)Si,

Evaporation source

Tl B PG, 12 23Mo-63Si-14A1 Fi e 2 b i 5 A IR
JEAK, X TR A0 A 5 5.

4 Z5ie
1) G- S NEH £ Mo-Si-X-C(X=Al, Ti)

Wi BEVa % 2 2T BB o A ZE R s,
M2 2 2 A0 DRSS AR o

2) 1 Mo A Si ¥y K B REAL % AL
B, ARVURER, 7E 1550 CHELAFGERE ., RN Al
AT e EA R TR R, B8 TE K
(TigsMog2)Siy F1 Mo(Si, Al), %8 2458 b 54 .

3) MPGEPRE AR 1800 CHY, hTHAAKM
Si AL TWRAIRAS, Mo. Ti AbWHE LI Ff . A %
PER, SRKRN SiIC SMIRRIZEN, SEMRZER

4) 23Mo-63Si-7A1-7Ti P& ZHTEAGE L
FASE 2SR, T R 27 g, 3L B il
nlik 1848 HV, PuLimEnlik 19.584 GPa, H{EAE
Hlk 255.124 GPa.
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Microstructure and mechanism of Mo-Si-X-C(X=Al,Ti)
ceramic coating by thermal evaporation-in situ reaction

XU Yong-long', HAO An-lin®, SUN Wei', XIONG Xiang', PENG Zheng', CHEN Yun-tian', CHEN Zhao-ke', WANG Ya-lei'

(1. State key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China;
2. Anyang Institute of Technology, Henan 455000, China)

Abstract: Mo-Si-X-C (X = Al, Ti) ceramic coatings were prepared by thermal evaporation—in situ reaction in order to
investigate the impact of different process parameters and compositions on the microstructure and its mechanism. The
phase compositions, microstructural features and micro-mechanial properties were studied by X-ray diffractometer
(XRD), scanning electron microscopy (SEM) and commercially available micro-indentation device (CSM), respectively.
The results show that, the differences of the morphology, phase composition and distribution are attributed to different
diffusion paths of various masterbatches at 1550 ‘C in argon. Adding Ti and Al elements is beneficial for the forming of
the (TiggMoy,)Si; and Mo(Si, Al),, respectively, which can accelerate their evaporation process. As temperature increases
to 1800°C, the fluidity of the surface Si increases, however, its viscosity decreases, accompanied by disappearance of
molybdenum silicon. Further research shows that SiC grains will grow up unusually, destroy the coating structure and
finally lead to coating failure when the atmosphere changes to vacuum. The mechanical properties show that adding Al
and Ti elements simultaneously to the masterbatches, the 23Mo0-63Si-7Ti-7Al ceramic coating shows the highest value.
The compressive strength reaches to 19.584 GPa, hardness reaches 1848HV and elastic modulus reaches 255.124 GPa.

Key words: thermal evaporation; in situ reaction; SiC; (TiggMog,)Siy; coating; carbon-based material
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