436 R B TR %2 R (A KB D W43 %

N EHS :1006-3080(2017)03-0436-07 DOI:10. 14135/j. cnki. 1006-3080. 2017. 03. 021

E T Voronoi MM mAL LI HE Fe-Si SEPEMN MY MR

hE®R, ATL, RAKE, HaEH
(AR IRKFHME S S TSR, LF 200237)

BESARTPLAELIARGARNMAG I T H RAAGET REI RS HIEIERT B
ROT AR, B THAGER SR ENGT HEF. ATHRZLEFT TV ZHa, KLA
T Voronoi B & 5 = MR BT St 5 Aeg gy firh., a3 F A mnRER,
BH/EEARGREL TSN EF L FAMHABAEMAK TR ENGRY K EZ% D, @id 5%
B GERRE . MBERTEMEMNEN, A EAART T EFEFHRIAARRT P &H R
V#AH Dy, FHEEMERARNALEGLESSANANT REER L EZHF, RV ik E
#3.3X10 ° mm®/s, KEAKRY i F69 10° ~10" 4, B H T HAL KRG #ETAS LR
TR =52 — AR RGREBR>BEFRG VDS BB R LI HAEELNEA,

KB s Ry #; FeSi &4 AML; Voronoi A

RE4 %S TG732; TP393 MEKARERD A

Determination of Fe-Si Alloy Grain Boundary Diffusivity of Silicon
Based on Voronoi Grain Microstructure

XU Yong-gqiang s, QIN Zong-hui, ZHOU Hai-ting, CHEN Jian-jun
(School of Mechanical and Power Engineering , East China University of
Science and Technology »Shanghai 200237 ,China)

Abstract ; Silicon diffusing into iron base alloy is the main way to generate high silicon steel materials,
however, the accurate analysis of silicon diffusion process is often considered as a whole diffusion effect,
ignoring the microscopic diffusion differences in the grain and grain boundary(GB). In order to study the
effects of grain boundaries for diffusion,a 3D microscopic model based on Voronoi structure is applied to
simulate the process of intergranular and GB diffusion. The body diffusion coefficient (D,) in the inner
grain and material microstructural parameters can be provided by chemical vapor deposition (CVD)
experiment, scanning electron microscopy (SEM) and energy spectrum analysis (EDS). Based on the
material microcosmic parameters including grain boundary width and grain size, grain boundary diffusion
coefficient (D) of micro representative volume element can be obtained. The results of the experiment and
simulation effectively show Silicon diffusion in Fe grain and grain boundary have obvious differences. The
D,, value is 3. 3 X 107° mm?®/s, roughly 10° ~ 10* times as high as D,. The silicon flux through grain
boundary diffusion into alloy is reached nearly a third of total flux,so increasing the volumetric fraction of
grain boundary can play an important role in improving efficiency and silicon quantity of CVD siliconizing.
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Table 1 Chemical constitution of steel strip samples

Mass fraction/ %

C Si Mn P S

Al Ti N Nb Sn

0.01 3.0 0.06 0.02 0.002

0.000 2 0.001 0.002

0.0015 0.03

1.2 CVD kgt
FT CVD & & Sc 00 B SO B E
5Fe 4 SiCl, & — Fe;Si+ 2FeCl, 4 (D
S 36 R R Al BT s A U e R X
T R IR B 1100 °C i R R i 26 A R L IX
fEph SiCL AN, RBLEE 1+ 3) S0 Bl T 34T B b
150 s CH PR BOBE B K T 50 pm DA 0 4 550K
T 54, M Mirani %Y B 5T Fe, Si M 2
PR AR JRJ 5 222 A TR 0 MR A AR A AN A T
A P S A o RO R TR AT RO R . ]
SLPRAE SN I v AU TS R T LAJE 3R 2 i o
TP HCH 13,300 FUE (R Bk BT 43 BR300 1 Bk Ak
PRI o K B SN I A S TRGHURE R A AR X
SR EEE. BUh AR T K AB135-S EAR
Y HUR BRI m

1.3 EDS &gl =E

BBURE 8] 38 0 T AT T B a6 )
Wt ARG FHAR L 23 B0k 3 06 1) il TR TS G 3 WA= ot
P A S T R BT JSM-6360LV 1Y
EDS BE3& 73 B XJ V- A7 T 9 BT ) B4 A 48 T 2R AT Ak
R AT I S A AN 1 () BT o
B SV A S O S T [ A P S A A R N
BRI S B A, TR ERA R 3 pm,
PRAE T B RS .
1.4 FY#HEH

N (9 BIF 58 2 W) Rk TE 26 o i 8 JUAT & Fick 28
TR A R T R T o BB B B R 1Y A2 Ak i
LAEHATF Origin A AT .

Wy — Wy

(2)

w(y) = w, + f—_

1+ cxp(yi)

n



438 R B TR %2 R (A KB D

943

GB width &
Surface x
Grail\i‘ll GB r,"Grain2
Bulk diffusion X Bulk
From GB diﬁds;e to grain /
) ¥
GB diffusion

(a)

iffusion

(b)

B 1 Fisher B51 () ; EDS | £t #5207 & (b)
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Table 2 Distribution of wg in the grain and

along grain boundary (GB)

Position Point Depth/pm wg/ %%
Grain 1 3.2 12.73
2 17.8 11.76

3 22.0 8.18
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5 36.7 3.49

6 40. 0 3.19

7 44. 0 3.09

8 48.0 3.07
GB 9 2.2 13.54
10 18.5 12.30
11 24.6 11.95

12 27.4 11.61

13 35.8 6.67

14 38.0 6.60

15 43.0 5.61

16 48.5 4.26

17 58.7 3.92

18 59.5 3.66

19 80.5 3.45

20 89.5 3.22
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Fig.4 Fitting and experimental curves of ws in the grain and along grain boundary(a) ;

Bulk diffusion coefficient curve with wg (b)
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boundary diffusion coefficient and experimental silicon average mass fraction(b)
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