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Preparation and properties of molybdenum disilicide composites
coatings on surface of nickel-based alloy
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Abstract: In order to improve the oxidation resistance of nickel-based alloy at high temperature, four kinds of MoSi,
composite coatings were successfully prepared on the nickel-based alloys surface by air plasma spraying. The results
indicate that the thermal shock resistance and the adhesion strength (22.5 MPa) of K403/NiCoCrAlY/ZrO,/30%(volume
fraction)ZrO,-MoSi,/MoSi, composites coating are the best among the four kinds of coatings. The self-bonding strength
of MoSi, coating is greater than the interfacial bond strength of the composites coating, and the bond mechanism is
mechanical bond with bite combination. The mass increment is only 3.42 mg/cm® when MoSi, composites coating is
oxidized at 1 200 ‘C for 120 h. Compared with the nickle-based alloy and the conventional thermal barrier coating, the
oxidation resistance of the MoSi, composites coating is improved. During the high-temperature oxidation process, a
dense SiO, layer is formed on the surface of the MoSi, coating, which hinder the diffusion of oxygen. The oxidation
degree of the boundary between the NiCoCrAlY and zirconia ceramic is relieved.
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W BRI E R ISR 2, LR 4 ik
GERE NG R R EHME LA AL i TR e i R R4t
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M R THRE 200 CAAPO . (HJE, WS s R
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kiR E A TR EER AT, ik, S8R
REAEE T TGO K, AR ESRZN
R R, Rk, Gk S A T B R R
PERERRREA B, LASHY ZrO, A fir MR BR A5 1
2. GBS Y EAAH (MoSi) FLA R R 6 mr
AALTERE, £ 1000 CLLEEAGIERYE, NSRRI
PN TR, 2Pk W IR iR A
P20 BREL, 3 MoSi, 1 b A AR 2 1
WAMNZE, AR SR Z SR A,
R G A A RN 2 1 ER PR M ERE . O T R R
BEA S MoSh, MUK RECAILACH W, R4
TR 2 R I BAT R D8R B iy A b, AR R
P MoSi, 1E W84 G rmiZ, Bt Itdls T 4 1
AR ) MoSiy EEIRE, WA RIZ AL
SEATRIE . PIIGETERR R PTE AR RRIEAT T I 4R
i, BN SRS S s PR R PR L I A
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1 X8

FEAAFT R A K403 IS4, FTKJE NiCoCrAlY
WA AL IR ST B BeEe Ak, ki K 38~74 um. 44
KA B R AAEH K (8%Y,05-ZrOy) HH sl A4 B 47
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Table 1 Processing parameters of coatings

P, KA 20~40 pm. FHITERTE MoSi, H15 K
AU, RIEE N 30~54 pm. 30%(1AF 43 1) ZrO,-MoSi,
B AR B4k 8%Y,05-ZrO, Fll MoSi, [ ¥ K Fe 44k
R AR AT . RS K403 AL MoSi, ighk &
BIGUCHCR, Wil TULF 4 MAFRE S 52,
KH APS-2000 BTGB PR B ATHIAIRZE,
BWIRSHORZ RN 1.

1) K403/NiCoCrAlY/MoSi,

2) K403/NiCoCrAlY/ZrO»/MoSi,

3) K403/NiCoCrAlY/ZrO,/30%( 14 F 73 % )ZrO,-
MoSi,

4) K403/NiCoCrAlY/ZrO./30%( 14 #5 43 %5 )ZrO,-
MoSi,/MoSi,

FH 741322 (GB/T8642—2002 k)il & B &2
2 -Gam e, IRIE A RS 45 11 R 5 AMRAFE
ARSFHIME . EAWR)Z I PTHAGE TR R L Tl vk
HB7269—96 FEATMIR: 4 FIOAS[FIZE I (1) 5 G 2
£ 1000 CHHA AR 5 min, S HON
KATAH, REFEZX IR, HR%RZE R
KB 5%, WRIETER RSO k. HAdsk MoSi, H 45
TR RO G IR BERAE VR Z R BT PERE

FAIREE T 1 200 CLELWhh AT BRSO
Al A R R, RERR e I A, AR 2 HL R R
HAE A, FRAENE R AT R ( RN R 10 g) R
FE ST AT BvE PR, Bl S SOBON rh 4k 452
Ak, FESAEN AT BT TR 120 he

I H 78 = D8—Advance ! 4> B 3)) X S 2T XA
TR Z AL, K ISM=5100LV $-13 H 45 W 2
TR R R R T TE S

2 FHR51R

2.1 MoSi, R BHRLEM
Kl 1 Fin A MoSi U2 T XRD i . ¥RJZH
MoSiy(t)fH + MoSiy(h)AHF1/D> 5 1) MosSi; AHAL . WiER

. Current/ Voltage/ Flux of Ar/ Powder feed rate/  Spray distance/  Coating thickness/
Coating . 1 . 1
A \Y (L'min ) (gmin ) mm pm
NiCoCrAlY 600 50 45 40 120 100
Nano-ZrO, 550 70 40 32 90 150
30%ZrO,-MoSi, 530 70 45 30 90 100
MoSi, 520 68 45 21 100 120
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Fig.1 XRD pattern of MoSi, coating

30%Zr0,-MoSi,

NiCoCrAlY
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22 ESFRBHIRHMAR

Kl 3 Fih 4 FhAIRIZE B S 500 2 KA B
o HIE 3 AL, SRRERE S EZ R ) 5
CRU OIRBUE &, SR AR A K 1L AN
R, MHZRESEEEE, WS . K403/NiCo-

B2 MoSi, i)z ki
Fig. 2 Section morphology of MoSi, coating

=
NiCoCrAl

Fig. 3 Cross-section morphologies of four kinds of coatings: (a) K403/NiCoCrAlY/MoSiy; (b) K403/NiCoCrAlY/ZrO,/MoSiy;
(c) K403/NiCoCrAlY/ZrO,/30%ZrO,-MoSi,; (d) K403/NiCoCrAlY/Zr0,/30%ZrO,-MoSiy/MoSi,
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CrAlY,04/Zr0,/30%Zr0,-MoSi,/MoSi, & & & 2 i
ZrO,+ 30%ZrO,-MoSi, Fl MoSi, = J2 2 [ I P> L1l
TER HURHE N EA DX, SRR B HT AR
FHES A B (LI 3(d)).

23 BEERENEERE

4 ME GRS GmENE 2. R 20, 4
PR E AR IZ T K403/NiCoCrAlY/MoSi, ¥
JE TR0 AR 10.27 MPa), K403/NiCoCrAlY/
Zr0,/30%ZrO,-MoSiy/MoSi, H A1k 2 1145 45 5i B f i
(4 22.50 MPa), WiZAr B35 i A % 2 I ST Ad i A
RAEWEN. W, 4 FIEEHRZET MoSi, IjZ A5G
i T TR A A SR, R E2E G I
BEINT WRIZRSE AL . SR G URIZ b 20 E
Kl 4 . 4T K403/NiCoCrAlY/MoSi, ¥ 2K,
Wi 1E NiCoCrAlY 1 MoSi, ¥R)JZ St AL KA, &St
b T4 A SR . K403/NiCoCrAlY,05/ZrOo/MoSis
URIZT ZrOy/MoSi, S 25 G %, Wizt MoSi, Al
ZrO, W 2 Ak s ikt T K403/NiCoCrAlY/

F2 WEMG AL
Table 2 Adhesive strength of coatings

7r0,/30%Zr0,-MoSi, 1 K403/NiCoCrAlY/Zr0,/30%
ZrO,-MoSiy/MoSi, EGWRIEKUL, 29 2/3 WA
NiCoCrAlY il ZrO, FtifAb K, 29 1/3 HIWi 2L M FE i
FINiCoCrAlY FHAb e, BiAHZE G2 1 1 25
JHIAHT L NiCoCrAlY/ZrO, FLifi

PIEER MoSi, VR 245 45 1B 1 ZE R T ikE
RPN ARSI R e NV D WSS I P
AR A N IR R FUIRGS FEEE A, Mk
P (il PRV E B H L, B E BEACAN [R RAREZ iK
FREOT LRI R IC N AR . 1E 4 PG ERZET,
K403/NiCoCrAlY/MoSi, #2111 NiCoCrAlY/MoSi,
TN REOH 225K, 8 R b 7 AR 1 R BE Y.
AR, SR PR AR RIRAR Y ), BB S A
RGO AL, ML GG . AT K403/
NiCoCrAlY/Zr0,/30%ZrO,-MoSi,/MoSi, ¥ )2, T M
4 @ K 45 2 B e AN )2 MoSi, Rk 2ro, F
30%ZrO,-MoSi, 1E Rk g =M EL,  AF MR 2 MK =
BB A, TR TR T R SRR I
M2 18] ST A B P 3 F A B ST, il T Uk

Coating Adhesive strength/MPa Thermal shock time
K403/NiCoCrAlY/MoSi, 10.27 5
K403/NiCoCrAlY/ZrO,/MoSi, 15.36 11
K403/NiCoCrAlY/Zr0,/30%Zr0,-MoSi, 18.18 25
K403/NiCoCrAlY/Zr0,/30%Zr0,-MoSi,/MoSi, 22.50 34

B4 4 FREWHRZENRRER Z W

Fig. 4 Fracture surfaces of four kinds of coatings under tensile testing: (a)~(b) K403/NiCoCrAlY/MoSi,; (c)~(d) K403/NiCoCrAlY/
ZrOy/MoSiy; (e)~(f) NiCoCrAlY/Zr0,/30%Zr0,-MoSi,; (g)~(h) K403/NiCoCrAlY/Zr0,/30%ZrO,-MoSiy/MoSi,
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J& ) B ARE MERE SR 4F (T I8 34 IR), 1T K403/
NiCoCrAlY/MoSi, FLH#GE R I (1A 5 1K), T34,
M4 PRI 245 Ao g 45 kG, K403/
NiCoCrAlY/30%ZrO,-MoSi,/MoSi, /2 P i #-A4> FL 1
iR s, FHEZRIHURI & 0 BOK,  fetg ik
2 B R R) AT FAR G IR TR AT i

SN R S e b N =R R AR Y A VAV
P8 eI MAGERErR, G b i AR 1) VAL fig 2%
FE B, K403/NiCoCrAlY/Zr0,/30%ZrO,-MoSi,/
MoSi, B 5 WRIE S #UZIK REAH ZE RN, wik T
MoSi, #2544 IR JEZ R R A IS,
Gt TR 2 R AR RN ST A S g AR, AT 1 5
TRZRPIHGER . K5 BTn i K403/NiCoCrAlY/
30%ZrO,-MoSiy/MoSi, i /7= #4E 34 k5 Ik TE 3 -
HE S AT, ZrO, ¥)Z15 NiCoCrAlY HIL T [ St
L, {E Zr0, ¥R)Z WA LT /b 10 T S R 1k
YL, KB GUAEAE AT ARG N ), s 2
ff) MoSi, ¥ /= W R B T K 20N MoSi, it % 1R

R D 4

-

-

30%ZrO,-MoSi,

Substrate

5 K403/NiCoCrAlY/30%ZrO,-MoSi,/MoSi, ¥ JZ#u
T3

Fig. 5 Cross-section morphology of K403/NiCoCrAlY/
30%Zr0,-MoSi,/MoSi, coating after thermal shocking
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JENKG ARG e BIERG HatER MoSi, M %
WIEXTSLBAAE AR /N e BTEL, MoSiy P IIZ480Ks
Y R H ERZHTE . XTFUK 2e0, W2k, H
T ZrO, P& JZ AR 22 IR SR LB S R, 7
ERAERR, S A A T B v AN T
PZIEAS VT LN 7 DU S S0 A i R s
RIS, B I T OB SR . K403/NiCoCrAlY/
30%Zr0,-MoSi»/MoSi, ¥z IR R A4 MoSi,
K=Y 30%Zr0,-MoSi, /=M FH AL, Hkre —4
REOE Y SR, RO PR RS B
T SEAE T AMEREL, ARG R GUEF Y O K
IRBLL, e S8 MoSi, M %1 J2 1 7%

2.5 $RE MoSi, EAAEBME LT
K403/NiCoCrAlY/Zr0,/30%Zr0,-MoSi,/MoSi, &
TRz FAERZ USSR RE 1200 "CHAL 120
h IS ) 2= thZe ] 6 s tHIEL 6 AT I, K403
Gk AEE R, AAERE RS E, ZrO) IR
244K 120 h J5RESE A 8.10 mg/em?®, Bt 5 iS4 i
B MoSi, HAWRZEMEVIEEMN B0 h )
JFEIE I, BRI T K, A T 3G
BTGNS, NE RIFREES. MoSi, EAIRIZ4 M
120 h JGmES A 342 mgem®, FALHEN
2.85X 1072 mg/em™h. 5 K403 54 AL G A s B
UWRIZAHLL, MoSi, B AURE FIPTEATE BRELLT .

°o— MoSi, coating
8r a— K403 alloy
= — 7ZrO, coating

0 ‘\\
_4 L A
0 20 40 60 80 100 120
Oxidation time/h
B 6 /2 K403 &4:7E 1200 CHEAL 120 h &) Jy 3 th 4k

Fig. 6 Oxidation dynamics curves of coating and K403 alloy
at 1200 C for 120 h
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NiWO, W, B TEBARY P A, SRR
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TR N RERR 2 T 9-ALO; Bl a-ALO; IAHAS, 4 ‘T ﬁ?ssi?(t)

SRR F1 . AR ALOs BF, W2 FEL
WIZFTE . SRR KA T AN T 17
Zr0, R AR, & FEUREREE R EE R
Kz

MoSi, & iR JZ 44k 120 h 5 I TH TES Wi 7(b)
7R, SRZEM RN X FLATH &8R-
Q)N %, MoSi, WRJZRMAERNK T — 2% Si0, Ffb

B 7 WU 120 h AT ESR

Fig. 7 Cross-section morphologies of coating oxidized for
120 h: (a) NiCoCrAlY/ZrO, boundary of nano-ZrO, coating;
(b) Oxidized K403/NiCoCrAlY/30%ZrO,-MoSi,/MoSi, coating;
(¢) NiCoCrAlY/ZrO, boundary of K403/NiCoCrAlY/30%ZrO-
MoSi,/MoSi, coating

10 20 30 40 50 60 70 80
26/(°)

B8 ¥rfi%k 120 h fU# 1 XRD %

Fig. 8 XRD pattern of MoSi, coating oxidized for 120 h
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HT ZrO, FLTi A2 E R At AL G gk ZeO, 12 B
Ao T, MoSi, AR IEREE T 1658 Ze0, )2 1t
AALTERE

3 it

1) 4 B[RS H 1 MoSi, EAET, BES5EZ
() F 1t 3 LA 5 T2 ALK 25 55 K403/NiCoCrAlY/
Zr0,/30%Zr0,-MoSiy/MoSi, & 4% J2 1 45 4 1 i #ix
W, N 22.5MPa. ZrO,. 30%ZrO,-MoSi, MoSi, iX 3
JEZ RIS AN B, a8 AR A R S T 1
SR E AR

2) MoSi, W21 H & 5 G ESBIR TIRZ & Sl
G 45 58 B . K403/NiCoCrAlY/Zr0,/30%ZrO,-MoSi,/
MoSi, &5 Z NPT HGENERER LR, 751000 CLRIR 5
min. FEFKA FIPLHGENERE R 34 K.

3) K403/NiCoCrAlY/ZrO,/30%ZrO,-MoSi,/MoSi,
BARIEAE 1200 CHAL 120 h 5 RSN N 3.42
mg/em’, ZEGWEWE TS 20, w2+
NiCoCrAlY/ZrO, FHHAL AL, #2555 T K403 it &
G FELSE ZrO, AR R I R e A A Ik e, IXJH KT
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