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Abstract

by the vacuum arc plasma deposition method. And the MoSi, coating was fabricated by the silicon pack cementation.

The molybdenum Coatings on the surface of niobium-tungsten alloy nozzle and sample was deposited

Investigation was made into the morphology, structure and element changing of the surface and cross-section of the
molybdenum disilicide coating by XRD, SEM, EDS. The oxidation resistance in staticais are at 1 800°C and thermal
shock from room temperature to 1 700°C are tested. The results show that the oxidation resistance of at 1 800°C reach

30 hours, the thermal shock is 1 376 cycles. After engine operates 415 s at 1 450°C ;and 100 s at 1 610°C , the coating

is not broken.
Key words

coating, High-temperature oxidation resistance, Engine

0 315

XULH TCHR AR TR L 24 e shpIL G i 2 A o
SRR E AR R, $Em ALY Lo, BT DA
B T RS R GRE K TRy KA
BERAT . BRESHIVEITIIR AN, B i A& sh AL b iy 3 22
WAL S 108 T R A% 7R 32 T o T A TR R i AT e )
(A 77 2 FERRE BRI N B S P B AR 2

HAT, P& &P B AL IR 2R R R 25 T 2
2 Si-Cr-Ti ¥R )2, TAEIRE N 1200 ~ 1 350°C, £
WP TR 2 R AR A S AU T2 1 2% R
2 AR & R EES A R, Rk, R
TR S TR AR B B R SRS & A i
NZE SHPUEARE N TARR R, $2m5 Z SibLr e,
BAVERE S ESHUE EUFFE Ak T MoSi,IR)Z

MoSi, HA I R A s AL M RE  1E 0 & ot

Wk H 3 .2011-11-21

Niobium-tungsten alloy, Nozzle, Molybdenum coatings, Pack cementation, Molybdenum disilicide

B2 2R, BETAES] 1 600°C LA_L, JEtl A W /)
MREARZR" i HAR XA 45 MoSi, HA H Y
LRI 2250, A W] BETE B NbSi, —MoSi, [ 1A, i g
FHHIE TIRZS3EM W RIS A HERED . Si-Ce-Ti %
JEFEARBLSY R NbSi, , 6 il T 2L S A B2 Nb,
O5 1 SiO, PR4P AR, B FHRE AL A B Nb, O5 J5 AR B K,
FAALBZ P 2= AR K P N 7, IS, i %) A o
TV, S P S T A B ) B I 2 2
B GL, v R AR AR HERE AR,
MoSi, W2 TE il T E A BHE & M MoO, FLEAT H
WABETIMY S0, TRAP R, BELIE S Sobt J7 ) A9 1,
It MoSi, 12 HAT B S 1 RE

MoSi, F A A2 P ( RULH TG M H i 55 2/ 44
RIS i E B TARIREE R 5] 1 550°C
FLIUA FIEREA A A HE T ZE B TAEREE HE  200C,

YEB A BRIE B, 1977 AR AR B, BN & 4 IR P A R 2 5 I A5 TAE . E-mail : cdyl977614@ sina. com

— 100 —

FHIBEI T2, http://www. yhelgy. com 2012 4F 25 1 ]



AT AT LA R 0 4 e U ZH T A 0k ) I 4 2 5
UG EE . AR SCEEANH T R E 45 PR TR
AR A SWUE N SR AR AR R
UURLT Mo J2, R EZE B TAMH Mo ZaE1EA %
MoSi, i )2 ; X Mo JZ  MoSi, Fli=milt A A5 /9 MoSi, 1)z
Fem W L ZUESRIEAT T 4387 s MoSi, Ui /2 IR 7E
KAIEET 1 800°CHAT T iyl H AP A et g 1l 3
MZE A 1 700°CHFA GRS ; MoSi, 12 & sh Lt
T T4,
1 X
1.1 MBERIZ

WEAE AR AR E FH NbS21 484544, 4o in T
J5 2 i FRUE 2RIV R TR

Mo J2 il 8 R FH B 25 B AR B SR TR 52 4% . B AR 0
R 2l Mo(99.9 at% )

Mo 2RI EZ B T2,
1.2 K54

TR P RE DN R FH AP H e R P 9 L e i A
J5 3 LLAMRRASCI R s FE R S 2 ik 30 s FHIR
£ 1 .800°C , HEAT AR I, WEE 10 S Uk J2 HE Bt B 1) s
6] 5 A28 % 30 s FH3 1 700°C , {51 5 min, 30 s FE3%
T WETE SR 2 B R A B

K H Bruker D8 advance X ST ATHHML TR 2
T AL ; ZEISS EVO60 37 & S v 1 W fds
3 AT IR J2 3% 1 RN T 1 35 45 44 ; OXFORD 7636 HE 1%
AU AT J2 3 T AN T T 2 AR Ak

o

EHT =2000 kv WD =185 mm Date 20Jul2000 [
— Mag= 800X Photo No. = 1693 Time :16:01:55

10000
o oMo
8000 t
6000 |
78]
=W
S 4000 o
2000
I S
30 40 50 60 70 80

(¢) Mo ZWraIES

2 HR5HMH
2.1 Mo BB sRnEH

L OIRTTTAR i) 4 55 A A1 R THT Mo J22 A1 00 AR - DL 14
1, WP RMCHIA, O YTIR &G, Mo 23
T P B OB S, i 2 (a) Frs, Mo J2 3
AT AR T U, 2 TR A 35 K 2 WK, K /N
TES5 ~30 wm, 2 XRD FH43Hr F B AHLL R Mo, 4N
B 2(b) iz, 7 SRR 1 B s F R BA AR B A5 =)
TR EEAR 7, B AR 2R T A e/ N i 7 AR I, B AT
BB 7 L Uk, Mo JZ2 808 i 2k, JE N 50 ~ 60
pm, A LI, W 2 (¢) . Mo |2 5 M %A K
B S , BRI B, X 5 T T R 24T
s R—F, mE 2(d) s,

BT AL RTRR ] A ST Mo JZ AN Jr
Fig. 1  Photogragh of molybdenum coatings on surface

of niobium-tungsten alloy nozzle
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Fig.2 SEM photograph of surface and cross-section morphology of Mo layer
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Fig.3 SEM photograph of surface and cross-section morphology of MoSi, layer
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Tab.1 Mole fraction of elements in

different layers shown in fig.5( c) %

X3 Si Nb Mo w

A 16.17 81.15 0 2.68

B 37.71 60.97 0 1.32

C 50. 10 47.85 0 2.05

D 37.41 51.62 9.55 1.42

E 38.57 15.08 46.15 0.20

F 38.73 0 61.27 0

G 65.39 0 34.61 0
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Fig.5 SEM photograph of surface and cross-section morphology of MoSi, layer after 1 800°C oxidation
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Tab.2 Mole fraction of elements in different

layers shown in Fig.6(c) %
X 35, 0 Si Nb Mo w
A 0 37.80  61.28 0 0.92
B 0 38 0 62 0
C 0 65.82 0 34.18 0
D 9.56 33.82 0 56.63 0
E 24.06  28.59 0 47.35 0
E X4t 68.94 31.06 0 0 0
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Fig.6 SEM photograph of surface and cross-section morphology of MoSi, layer after thermal shock test
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Fig.7 Photograph of nozzle before and after testing
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