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Low-Temperature Siliconizing of Silicon Steel Subjected to Shot
Peening and Effect of Siliconizing Parameter
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Abstract: A silicon steel was treated by using shot peening (SP) and followed by solid powder
siliconizing treatment to investigate the possibility of simplify siliconizing operation by means of
surface nanocrystallization and effect of siliconizing parameter. The microstructural evolution was
examined by using transmission electron microscopy, scanning electron microscopy and X-ray
diffraction, respectively. Experimental results showed that nanocrystallines (of about 10 nm in
size) with random orientations form in the top surface layer of SP sample. After the siliconizing
treatment in Si powder + halide at 550 C, a compound layer forms on the SP sample, and its
thickness increases with the increasing of the siliconizing temperature and the duration at higher
temperature, however keeps unchanged with the increment of halide content. The compound layer
consists of FeSi and Fe,Si phases. The higher temperature and halide content / lower temperature
and halide content are helpful for the formation of FeSi/Fe,Si phases, respectively.

Key words: silicon steel; shot peening; surface nanocrystallization; siliconizing; microstructure

FHEL 6. 5% (JTEEAMEL) B kA R I HA
AR AL | v SRR Vi B8 R 4 30 2 ) A 4
BRI G REPERE 2 R0 1T AR R
R R T AR B A R BRAR B AR SR, B Y
Tk 2 B (A e ek A0 14 2 R S A AR T R
HELLHH ALY 235 0% FL7 kAT Tolkfe A 7=, 12
A NATE AR H 22 Bl il 26 v ik A9 1 07 2k, LA 7 v

Y BEEA: 2014 -08 —09
E2TH.: BFREHEAPZ AR H (2012AA03A505)

MCEEN AR BT RE — P BRI S AR TTRR
(CVD) " HEREMY G 4 - i TR #EL - AL
D PR R R R SRR S D & AR T
CVD 40, HAth 5 AT 4 F52 56 =0 58 B B
CVD JEE7E HARSE B T /NS (T Mg/ 4F)
M ZEFRE ~1250 CHElE T I S =N
I B (N, 3 Ar + ~35% SiCl, (FRF040) <

fEE®EN: X WI(1963 - ), B, i T RRIG A R RS2, Y B (1969 - ), 5, 1L TUlA N, ZRAC KRB B0, 1 A
e R(1963 - ) 5 EBAASR  ZRAIE K 0%, 19 A= 0.

AcroPDF - A Quality PDF Writer and PDF Converter to create PDF files. To remove the line, buy a license.


http://www.acropdf.com

1266 AAXFFR( B AFFIR)

) s rE AL FE 7 IR S ERERE R, T
A 2 R ok 15 A RO 2 T 1) A B[]
AF IR AFAE Je PR EL T2 2 4 S gk Pt ok
KNI I YL S5 [n] . S T RIS i I R A i £k
Ve, AP R T REm T2, B8R AE
PR, SEPR LB e R AN B 5 Mot Z 8] e b 5 9
WAL FE , DR BE X AR A i R I 25 A A T Ak,
A T RE AR HE B RE S5 14 1 TR Ak, T 3T 4 O 2% 1 40
ARACARFRE A BR8] LLSE I 4 SR AR IR 45 1
k.

FE A ARACE AR W] LU 4 2 Aok & AR 1
2 TR B VRS T 4 Ak A K Y T iR
FRAT B AN K i T LA bR A 2 S 1k Jis 5~
YRR A VR, AT RO b 7 A Ak 2 Pk B
B, ANRRAIRLEE 4 JE I Rl FIEAR A F B A
AR TAE AR BEE T AR TS24,
Pt , A SCRERUTT 553 50k 3% RE B IREL MR, Jeik
TR IL(SP) Ab B AE 3% il & 4 K &5 4, FEF
AR T CVD ¥k 19 i B [ N 3R 47 R B Ak,
1L ZER AT A AR IR B, B 2R AN K AR
FEAIB RE IR B AN i AL ) & B T AT B )
WA B RE T 22500 520

1 SERARL S SR T vk

I B B 3% AN PEL A, R N
2.2 mm, fb 52 B (5T 48R, % ) R St 30035,
Al 0.441,Mn 0.338,C 0.004,S <0.005,P <
0. 005,Fe 4y 5. B MU bt # il 100 mm x 50 mm x
2.2 mm PYRESY, 7 525 AT AL sh =X m L,
FEBHOE L E AR 5 8 mm, MU IR Sh iR
50 Hz, AL 5 FF 5 2% T AH FE 18 mm, 4b BRI [A]
60 min. DARER ABEETR | 157 £k 4 Ry A £ 750 I
RBR, AR ROk T8 e, FESHE . B
FEIREE ~700 C, SRIEATH] ~ 8 h, (ki 1L B i 73 5K
~5% , THRHE M 10 °/min, B HE T 7 0B ALRE
A TR VERRE .

FH X S 28 57 54X ( Pert Pro PW3040/60 % |
XRD ) X &b 3 i S A RF & 2 1H A A 2 B, A
5 H1B5 (JEOL — JSM 6360LV %I SEM ) Wil ¥5 fid:
FE SRR T2 S, FHBE S (EDS ) BRI 12 R
J7 1) fe A A2 k. H1 3% 3 L 45 (JEOL — JEM2100F
I TEM ) XIS AUAE it 79 S A 2l 2. — s TR B A
st A 88 T VSR « AT RIF 5 I HUARE o 3R T 22 1 U
TREE , FENTT BS 3] 30 pum JEEE, FH B8 -0 Y
(GL - 6960 %) M\ I 5050 o] 9k 38, 22 4 i 058

% 36 %

LIE.
2 ER RS

2.1 REWRLBEIFIE

PRI 1 AW RUAR: it 2 T TS R R 2 1) (8 e 1 41
SRR 3 X L F- 7T 5F ( SAED ) 5. 28 3 Wi AL Ak
PG, R & 26 0 A SR 4 Tk B Ak B Y% (Y
10 nm) ,SAED | ¥35) 5345 (417 55 2R3 B s L
[ MBENL AR, WL 1a; ZERE AR BER T 24 20 pm IR
FE , REAT R 4K i (H R SE B3 K ( ~ 100 nm)
SAED I 2 ¥R 047 53 B2 B Aok 2 [B] A5 v
AL BE B 2%, WL 1b s 7EFE AbFRE 1 2940 wm
TREE, Wi L2 2 S 6l M ] B A 20 a5 1Y) I
fm, ROFHE 200 nm LA, SAED 7 4 19 777 5 B
SR L/ S Al 22 (B A/ IN A R B ) 22, DL
le. 7EFRA PR ZY 100 wm R, B ZH LU
A B/ WA S AL AR, 1HR S #5K (300 ~ 600 nm)
HW A%/, SAED I JCHLI 43415 5 117 5 B 36
BHASE 85 T/ S0 B0 i 22 (B0 A7 A /DN R B 1) 2%, DL
K 1d.

E1 BASRRARARRENEMARR
TH Ry SAED
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Fig. 3 Morphology of the cross-section of the SP
sample and silicon distribustion after the
siliconizing
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Fig. 4 Effects of siliconizing parameter on the thickness
of compound layer of the SP samples
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Fig. 5 Phase composition of the top surface layer of
the SP sample after siliconizing for different
parameters
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