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Fig.1 SEM images of Al-Si coating: (a) surface morphology and (b) cross section morphology
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Fig.2 Cross-section SEM images of coatings prepared under different conditions: (a) 1000 °C for 4 h, (b) 1000 ‘C for 6 h, (c) 1000 C

for 8 h, (d) 1050 C for 4 h, (e) 1050 C for 6 h, and (f) 1050 C for 8 h
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Fig.3 XRD patterns of AI-Si layers prepared at 1000 and
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Fig.4 Cross section element distribution of Al-Si coating prepared at 1000 ‘C(a), 1050 ‘C (b) for 8 h
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Fig.5 SEM images (a, b) and XRD pattern (c) of MoSi,/Al-Si coating

- 0 = = 5
& -2-_:f\= . .
g
X  -0F
< -8 —=—ATF
2 -10F —e—AIF,
2 12t —a—ATF,
= -4t —¥—SiF
‘E .16k —e—SiF,
e-ml -18 —4—SiF,
3 20F —»—SiF,
D
2 -227 1 L L L
1000 1050 1100 1150

Temperature/C

Kl 6 AFNRLE Si-Al 3B S H P& EZE TR E L m
Zigis
Fig.6 Partial pressures of fluorides at different temperatures

calculated for a co-deposition pack mixture*®!

BB, BB G & B AR R T A 5 WM AR, Fir b
WA B Al TR EE 2. B Si t& A S5,
EE R, 5 1000 C Rl 1 AI-Si B2 CE 5%
fi—B(WE 4 FiR), Al GRXIBKTE Si X, 78
1050 CHELT, 2 Moz KmA 7 A Z A K.
b LB R AT, BRI Al GRS RIEET T
B, Al BISRALY) S 2 R AW FRAR . 438 )
Al AL S R BRAR R S Si AT 5K T Si i,
s Si F1 AL ILUTR, FFIRTE 8 NbsSis, Bl /5
Si FUTARHE 5 T, NbsSisAl, Al NbSi, JF 4R
BEZBEMAKUZERNE. HE 6 Tk, &
BERTE, Al LRSS Si JtE IR 2 B,
WMOR A Al TC R VTR A A Z JGE LA Si e =PI A &,
ks Si X eI A, S5 44585,



%1

FHORE: OB G HOLIEE G % 2 AR iR 261 -

BT B RGN B, Al B 4 E KT Si
A o IR, BT LAWIIR MR e iz BB AR, RS
4 C103 LB — 2 AlsNb. HET N Al Jt &7 C103
PHCAE, AKVHECANAERKE. 4 Sicmxtnss
B )G, T Si JUERAE AlsNb AH ) B R8I, P
PLSi 5 AlNb &R AEE# R R, B Si 5 AlNb
B A NbsSis M. B F 3B 2 kAT, Si i1 —
77 T 4k 45 B e JE A 19 AlsNb, —#%3 NbsSis #4k %, Si
& B S NDSi, F1 NbgSisAl M. 2 5 398 2 A W 4
KIGKJERE, HHEMIERATEAE, B ER
WK FEZ RIS . BYE DL ERURR 1050 CR
Hil & 1 Al-Si Lz A KB IR, SflHrERE 7.

¥ AI-S T O — BRI B, 248 AL Si e
TS fa IR, e AR T 2 Fick g 3 I B 2%
LT ER I BCREUE Ny — A O A BE T HUN R A2 1k
i, Fick 25 @Rk X 0oh:

oc o°C

ot D ox? @)
X, COAY B R IR EE, t 95U 8], D A BUR
B, x NP EUEE. C 5 x IR *F. LR
7 R A

C(x,t):c{1-erf(rja)} )
Xy, C(xt)
erf(zﬁ)—l C. (3)

Her, CONBHMITRIRE, HTBuhBEzEL,

Al Si Al

Substrate

et 1

Substrate

1o 1

Substrate

HOTALN 1. H 246 E X FEIRE B R IRE x (X

ISR erf(z—j%) REM. FILBERE x 59 80t

]t ALLTFRAR:

x = A(Dt)? (4)
X, A NEEL RN, FHURE D G Arrhenius
Jite:

_ _Q
D = Dyexp(-=-) (5)

XA, QREMERIETHIBIGAE, T NMIIFIERNE,
Do NI LA EL, R ANSARE %0 8.314 J/(mol K), NI -

_ _ QP
X= A[Doexp( = )t} (6)
i Q 1
X=AD02 eZRT’IZ (7)

4 B=AD,"?, AfEILBIAR R, F77E% JE (R I
8] B B TR B B C=R-3BR ) PR PR IR 52 il B
frve R LB RAERWEE Co PR T 52 FR i
KBRS

Q 1
Xx=BeX® .12 +C (8)

t BT LR, B EEEIRBRE U LIS
I OC R B —E, BEFEET &, SRR
Ky BE—E, LBHEBEK, BEEBK, kats
P se i a8 RAAT . mARBEIIBNREEE SRR
W EE B REE S REN E AR, WE 1

Al Si Al Si Al
Al

1 te 1 1

Substrate
Si Al Si Al Si
vy
9 D Nb3SisAl,
NbSi,
-1 1
Al3Nb

Substrate

K7 ALSiBRAKREEREA

Fig.7 Schematic diagram of the growth process of the Al-Si coating
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Table 1 Relationship between coating thickness and holding

time at different temperatures
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Fig.8 Mass gain curves of MoSi,/Al-Si coating, Al-Si coating and C103 oxidized at 1200 “C for 30 h (Fig.8b is the enlargement of

Al-Si, MoSi,/Al-Si coating in Fig.8a)
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Fig.9 SEM images (a, b) and XRD patterns (c) of Al-Si/C103 coating after isothermal oxidation at 1200 “C for 30 h: (a) surface

morphology and (b) cross section morphology
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Fig.10 SEM images (a, b) and XRD pattern (c) of MoSi,/Al-Si coating after oxidation: (a) surface morphology and (b) cross section
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Fig.11 Cross sections SEM images and EDS analysis of MoSi,/Al-Si/C103 coating after oxidation at 1200 ‘C for 5and 10 h
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Po,=101325>0.21=21278.25 Pa

M= (15) AT 1k Ky -
298 298

AGy, =-797410.857+92.122T +AC,T (In - Tj (16)

1 T=1473 K, # X (13)RAK(@16)H, 1HEHEH X
I (9)7E 1200 C (1473 KD I (1) Gibbs E Hifig A
AG )= -455965.04 J/mol <0

[ B AT DA 5 H s 8 2R (10) B & AE Gibbs [ HAE

AGy, = -1923469+488.930T +AC,T (In 2B @J +
T T

[PMOo ] (17)
RTIn|
P

0,

RNHHEJE 58 AGuo<0

L DL T AT A, TR 1200 C LIRS
T, SN F(9)FI(10)ER T LLK A« BT MoOj3 Lt MoSi,
B, H Si mHRERME P Bt Mo Je R B2
Sy, P UATE il A AL AT IR B, W SRR E R
A% Si0,, B M 3((10).

bt o v A R AT, A1 2 B MoSip e S B Ak
SiO, M A JlEE B — i€ B ZAE H IR0k 7 NS Siv Al
FITHFE . FALE W EREABIE K, WEFHM Si i A
W 1) e SR T B (B 11 FToR), BT Si e R A
A BT B MoSi, Al NS, AHIZ 7 13 R ik & B L&
YisEAr. WG O MR MPY S ENEZ, Six
KBWAL, WEMNH Mo(Si,Al),. NbSi,. AlsNb.
NbsSiz %5 AH S0 B AR 37 1 8 Ak ot S8 s — 5 B
. Hd Mo(Si,Al), iy C40 BIZEK), BAH RIFKHTEA
A, BEEAN R LU AR R, AT RSB
WA — S A, 78 1200 CHEATBHE T
SN :

10Mo(Si, Al), + 340, — 2Mo,Si, + 7SiO, +10Al,0,

(18)
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2Mo; Si; +210, —~ 10MoQ, +6Si0, (19) [3] Majumdar S, Kishor J, Paul B et al. Corrosion Science[J],

HE 11 nEm o mdgR—%, KEMW Si nRFETR
JE R TH . 75 Al TR VIR M B E BEAEAE T 58 R 1)
T, BTRELEMEmZECE R, BERNE
PR AL — 52 MR VE L, BT LA Al J6 3 78 S0 AT R B
AN B R . B 2300 T FE R, AL TE &
B FE R Ay, mANTEOE R ALOs, M
FAR R A IR R .

Mo(Si,Al), il S Ak I 23 42 1 Si0, F AlO3. AlO3
(AR BANMEIREE T Si JGERAIHAE, 1 H ALO; i
REPH RS R YL, SRR ERPUELEE . T SiO,
FERMKAIER T, BEXH LIRS THEMER . Fik
BN Si0, fEA EIEFEH i T R TR, 2 S
WERRLG A SZ M, AS B E B TR T
Nb & & E s, HEE MY (I NbOs) A B & fi A b ik,
AW SiO, [ 4E il BAR e FE AL AR Y, (H BE 2 A AL
FAEK:, SiuRMHHE, 82K MHR M BUE S 805 1)
TRy AL IENE 9 v WA B R BVA L R), &
SKEBE . I, MoSiy/Al-Si 352 E i —1 Al-Si
BEBAERPUEE.

3 &£ g

1) 7% & & XMk HH ALSI 3L E 6 &1
Al-Si/C103 iXFf, ZEREW . BRI IRIE N
K, WEBEEBRLA, HRESHEMARLSESRIT.

2) MBRFESNEREE SIXKMTERZE Al
X, P9 IX A AA e P A . B IR T Si Jn R X I,
(R FE O, AL T8 3% DX 300 R 9 /) sk 988 Al A v 2%

3) WOLMEA HI 4% MoSiy/Al-Si ik ZEEE %, 5
EIEBREYEE. 5 AISI BZMLE, MoSi/AlI-Si ¥
Z iR AR T AISERE . MoSiy/Al-Si )24
)G, #B45r MoSi, AT A2 i K 1 MoO3 AT Si It
R S A R R R EFLR M A A BOR
M Si0,, fEmiR FXIRERS T —EMEEEN,
i 2 PrEAMERE T INAE 5 .
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High Temperature Oxidation Resistance of Duplex Coatings Prepared by Pack
Cementation Combined with Laser Cladding Technology

Wei Jingquan'?, Zhang Xiuhai'?, Yang Ruixia“?, Dong Wanbing®?, Li Weizhou™?
(1. Guangxi University, Nanning 530004, China)
(2. Guangxi Key Laboratory of Processing for Non-ferrous Metals and Featured Materials, Nanning 530004, China)

Abstract: In order to improve oxidation resistance of niobium alloy, an Al-Si coating was prepared on the surface of the niobium alloy by
Al-Si co-deposition and then a MoSi, coating was prepared continuously by laser cladding technique. The growth mechanism of the Al-Si
co-deposition was investigated and the high-temperature oxidation resistance was discussed by comparing the Al-Si layer to the
MoSi,/Al-Si coating. The results show that the formation process of the Al-Si coating is derived from the sequential deposition of Al and Si
elements, and AlsNb phase is preferentially formed. The thickness x and the holding time t follow the relationship: x=At"?+7.4, where A=
11.6 at 1000 <C and A= 16.2 at 1050 <C. The MoSi./Al-Si coating prepared by laser cladding is uniformly continuous and compact, which
is tightly bound to the substrate without cracks and holes found. MoSi,, AlsNb, NbSi,, NbsSi; and Mo(Si,Al), phases are detected in the
as-deposited duplex coatings. After oxidation at 1200 <C, a large amount of SiO, are formed to prevent the inward diffusion of oxygen
atoms on the Al-Si coating and the MoSi./Al-Si coating. Compared with the Al-Si coating, presence of continuous oxide scales on the
duplex coatings effectively avoids rapid consumption of the Al-Si layer, so that the MoSi,/Al-Si coating exhibit more excellent high
temperature oxidation resistance.

Key words: niobium alloy; Al-Si co-deposition; laser cladding; high temperature oxidation
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