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Preparation and siliconizing mechanism of Fe;Si type silicide layer
deposited on AISI 304 stainless steel
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Abstract: The silicide layers deposited on the AISI 304 stainless steel were formed in the molten salts at 800 °‘C using the
molten mixture of different mole ratios of Na,SiF¢ to Si using the siliconizing agent and the molten halogenide of alkali
metals of NaCl+KCI+NaF at mole ratio of 2:2:1 as the siliconizing agent carrier. In order to reveal the siliconizing
mechanism in the molten salts, the phase of the silicide layer was analyzed by X-ray diffractometry. Meanwhile, the
micrographs and the composition of the cross section of the silicide layer were studied by scanning electron microscopy
(SEM) attached with energy dispersive X-ray spectrometer (EDS). The results show that the silicon content in the layer

depends on the ion concentration of SiFs* in the molten salts. The dissolving of SiO, in the molten salts supplies the

SiFs continuously and as a result, the silicon content in the layer is enhanced.
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Table 1 Components of siliconizing systems

System Mass fraction/%
No.  NaCl KCl NaF NaSiFs Si Sio,
1 36 36 18 5 5
2 36 36 18 8 2
3 36 36 18 8 2 S
L%

FIH DMM—-200C (1562 ik Be i 5295 2 B 41
20 D8 M X S AT (XRD) /M HTE = ) AH &5
¥y: HIBH Genesis XM2 gt A i L (EDS))
JSM—6700F 2414t 7 WA B (SEM) WL EZ 13 S T THI 11
TESLLL KA 8 0 FEAEB 2 TP I 40 A o

2 FHR51R

2.1 EZEHmEMELSHES
2.1.1  AISI 304 fEBHEAR R 1 2 800 ‘C LR 20 h (14K
AL 4y

1 [k 800 CERA LRI 20 h B AR R 1 (1A%
iz 2 SEM 1R\ T3 £ 34 LA & EDS 1% . EDS
T3 TR B B 2 A FIFEAR B Xk, 3K 2 B ks
AR 1 HPiglX EDS il

HIE 1(a)AT LA, AISI 304 RIHAT e84l
WB IRk, BIEEEY) 400 ym. X3 4 KIS
JEALUR S RS R R BN 13.21%, M X1 B
(¥) EDS i MR &L Si e #EMikig. 54h, Fpd
Cr & A 20.02%, 1MBJET Cr &8N 5.40%.
Fe fESART 580 74.47%, {E3BJ2% K 75.28%.
Ni SRR T B 4.61%, 1E338)2 P15 oA
6.11%. WLUEH, Si uHREMAAETBET, H¥S5
i, Bk G, SiERMIRERIKEE, CrtHE T
BRI EERIEAR N, T Fe R Ni JGE AL S
A FE B B B A8t B R AEE R BREG, S —Fp
KB IR FARFIEZ — 530 (R 4N 11k R 5 B
HE s B R h R B 2 M KT, R e R
TR TS B JE B0, BLRIR D
2.1.2 AISI 304 fEiBfiEAA R 2 1 800 “C ORI 5 h (AL

AL sy

BIEAR 2 MRk 5B R R TSR 90:10, $im
Na,SiFs fEB 7 L], 4 n(Na,SiFe):n(Si)=8:2, K
2(a)fT7n ly AISI 304 7¢ 800 CHAFR 2 kR rH 4RI 5 h
AR SEM 1%, K 2(b)FI(c)T2 5l b B 2(a) s 2
A FIHEAR B I EDS 3, 3 3 g1 b (X EDS 245 .



3066 A G A R

2011 412 H

e i e A b A A AP A M N0 N A A e ]

Cr Fe
| I i

0 2 4 6 8 10 12
Energy/keV
(c) Fe
Cr
Cr FeNi
A
0 2 4 6 8 10 12
Energy/keV

Bl 1 AISI304 fEBHEAR R 14128 800 C Lk 20 h j= fIZHZR
sy

Fig.1 Microstructure and compositions of AISI 304 after
siliconized at 800 C for 20 h in siliconizing system 1: (a) SEM
image and line distribution of elements in cross-section; (b)

EDS spectrum of silicide layer; (c) EDS spectrum of substrate
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Table 2 EDS data of different areas of siliconizing system 1
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Fig.2 Microstructure and compositions of AISI 304 after
siliconized at 800 ‘C for 5 h in siliconizing system 2: (a) SEM
image and line distribution of elements in cross-section; (b)

EDS spectrum of silicide layer; (c) EDS spectrum of substrate
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Table 3 EDS data of different areas of siliconizing system 2

Mole fraction/% Mole fraction/%
Area Area
Si Fe Cr Ni Si Fe Cr Ni
A 13.21 75.28 5.40 6.11 A 18.92 65.35 8.38 7.36
B 0.90 74.47 20.02 4.61 B 0.92 70.58 20.36 8.14
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Fig.3 Microstructure and compositions of AISI 304 after
siliconized at 800 C for 5 h in siliconizing system 3: (a) SEM
image and line distribution of elements in cross-section; (b)

EDS spectrum of silicide layer; (¢) EDS spectrum of substrate

F4 BEERR 3 MIX EDS %l
Table 4 EDS data of different areas in siliconizing system 3

Mole fraction/%
Area
Si Fe Cr Ni
A 22.03 59.34 12.47 6.17
B 0.96 70.28 20.47 8.29
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Fig4 XRD patterns of AISI 304 stainless steel after
siliconizing in siliconizing systems: (a) Siliconizing system 1;

(b) Siliconizing system 2; (c) Siliconizing system 3
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Fig.5 SEM images of surfaces after siliconized at 800 ‘C in

different siliconizing systems: (a) Siliconizing system 1 for 20
h; (b) Siliconizing system 2 for 5 h; (c) Siliconizing system 3
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Table 5 EDS data of silicon content on surfaces of different

siliconizing systems

System No. 1 2 3
x(S1)/% 14.92 35.78 39.54
ARG RV

Si (particle in molten salt)+6F +SiFs" —>2SiFs"~ (1)

2SiF¢* +Fe (substrate)—>Fe-Si (siliconized layer)+
6F +SiFg"~ ()
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