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Influence of Additives in the Bath and in Iron Specimens on the Composition and Structure of
Siliconized Layer Formed on the Specimens by Molten Magnesium Bath with SiC Powder

Hiroshi Saawa, Tohru Ono, Tomoya Minecisut and Shotaro Morozum

Synopsis :

When a molten magnesium bath is used to siliconize iron and steel specimens embeded in SiC powder by keeping them
in the bath for 3.6ks at 1123K, the siliconized layer obtained consists of two sublayers; composite and noncomposite
layers. The former is composed of Fe,Si as the matrix and SiC as a dispersed particulate phase, while the latter is only
of FesSi.

The effect of addition of about 10 mass% of Ag, Al, Cd, Cu, La, Li, Ni, Pb, Sn and Zn,respectively,to the bath on
the composition and structure of siliconized layer was examined in this experiment. Behavior of alloy elements in the
steel specimens was also investigated, using pure iron, carbon steels, cast iron and alloy steels.

The addition of Ag and Li, respectively, to the bath, increased the thickness of the layer, while the addition of Al
and La decreased the thickness and detered the formation of the composite layer. The addition of the other elements
to the bath did not change the thickness, significantly.

The change of the amount of carbon in carbon steels did not affect the siliconized layer, while free carbon in cast iron
segregated at the boundary between the siliconized layer and the base iron. Molybdenum and Mn in steels also
segregated at the boundary. Chromium and Co could distribute throughout the layer, while W and V concentrated only
in the noncomposite layer. Nickel did not dissolve in the layer, but segregated at the surface of specimens. Micro-
Vickers hardness was also measured on the siliconized layer of the steels.

Key words : magnesium ; mineralizing ; silicon carbide ; siliconizing ; surface treatment.

1. EZHE

2. BB IURBRAGIE

EEGI, BMOERRBRERERO—LLT, &
Bl Ao v s—BRASB L IREERELY, 36
2, 2OHEDRHAD—o L L TSIEEBIFECSICHARZ M
CENPHMER L CHMESIE T (L, EMMgiic
& o THEILS TR L LSIHTEREIRE Y 6 E L T
3 THIBLDOFe,SIB # MK L, K THMilzmb - THER
DFe, Sk F & VA2 RERBVRELTEIZHLTW
., 2LT, 20@BB v TEEBEBACSICRF»HEAS
1, SiChIF5rEkFe,SikE & b 72 2 WREEIREER K 3 1
52 LERELIY, ZOBA, REBOES, MK, MK
7e E Ok ATE B Mgin o O U I JC 3K O AR R AR D 2L
MEIOAERA L FDHERT LI THEBYOIVL AL
NazNT, 20L& RERTFOHRLIOCTHRLOT,
ZOERCOVCTHET 5,

2-1 BEsLvEEs

SEEREARRE L LT, MgithoRmMItEOMRES
TR L LTHMSkD 7 b I v [REAIE T () 8], %
Pe MR DA S TREOME YA AR E LT
8, 58k, HERE R HVI. 206 ORBOERT %
Table 1 27T 7 b 3 v 2 I3 BEEGE EELEC X H1.6mm
s L L, 1123K, 7.2ksTEZEBES 2o & L 24T - 1%k, 4T
LI EID L 0 WARITMmO /NI L LIz, 2 DD EEH
SR LIS TR T » &, 72858k LD b D »
CHIENIC & b ES1.6mm, BAEITMmOERE LIz, 26
DRB OREIFEE L AR BT 5 R1C1200F DT 2 ) —iK
& BRI RIT o 1.

BESIC, TERAMO9.9%) Mg L et zng
L 10% K4 % HEZIZAg, Al, Cd, Cu, La, Li, Ni, Pb,

PR 941 A218 24 P94 4 H11HZE (Received on Jan. 21, 1997 ; Accepted on Apr. 11, 1997)
% TFWT A% (Chiba Institute of Technology, 2-17-1 Tsudanuma Narashino 275)
% 2 FRETEASAZIEE (3844 Y22 F (#)) (Graduate Student, Chiba Institute of Technology, now Asahi Diamond Co., Ltd.)
% 3 FHETEAE 2% > U LMEZAF (Magnesium Research Center, Chiba Institute of Technology)



HRMgi L SICHRZHCICERIRER & 21REE OMM I & M- BIZTIES L USSR ORMTERORE 503 I

Sn, ZnOEERBERML THEHLIAEEHCI, 2010
DALEEST DFER % Table 2 12/R T, H LI AE B Fig. 1
CaRT L5, BEMRREREFE A 2N eE- THHS
¥ ICEEREA S (FME 26mm, WAE18mm, E320mm) T,
ZOECCEESGMEE Y S, 2D L1 1 gDSICHAE CBL

Table 1. Chemical éomposition of iron and steel
specimens to be siliconized (mass%) .

Specimen C Si Mn P S Cu Ni Cr Mo W V Co
Pure iron 00016 0.0001 0.0001 0.0002 0.0001 0.0009 — - - - - -

S25C 0.25 0.20 0.36 0.021 0.017 0.04 0.05 0.07 — - - -

SK5 0.85 0.28 0.38 0.014 0.005 0.07 0.03 0012 -

Cast iron 440 0.77 0.10 0.06 0.02 - - - - - —

SUS403 0.12 0.44 059 0.026 0.022 — 0.19 11.60 — - — -

'SUS304 0.04 0.49 0.96 0.029 0.021 — 8.13 18.33 — - - —

SUS316 0.054 0.53 1.59 0.033 0.019 — 10.28 16.27 2.09 — — —

SKH2 0.80 0.29 0.28 0.022 0.001 0.06 0.07 3.89 — 17.55 0.89 —

SKH4 0.80 0.26 0.20 0.018 0.005 — - 3.95 — 17.26 1.04 9.0

Table 2. Chemical composition of molten Mg alloy.
baths*

Mg—10.0%Li
Mg —10.0%Ni
Mg—8.56%Pb
Mg —10.24%Sn

Mg : 99.9% Mg
Mg—9.40%Al
Mg—10.86%Ag
Mg—10.99%Cd
Mg—10.0%Cu Mg—9.50%Zn
Mg—9.05%La Mg—1.0, —3.0, —5.0%Al

* Except Mg—1.0, —3.0 and —5.0%Al, which are nominal composition,
chemically analyzed alloy ingots were used for the baths.
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| Vertical sectional view of set-
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before heating for siliconizing
with SiC powder in the molten
Mg bath.

10 mm

ES5um PSS, LU= AC VLA LMEIEY 2
D, E#EH»60.98MPaT L L 72,
2-2 =EBRAHE

R, [FEOREEX B S R ER P&
SIEDTINBEL ZEF 2 3B L, WUE T Thnsh L8T3KITE L
RESELTNVIT T RZEALTEDES#6650Pat L,
3 GIZIRE ® EW1123KT3.6 ks, FRTERS L1,

IREALE 2 M U 7o EURNE, BFES L 7oHERTIE (- D v Tk
T & CAEBE IR C L AL, A X — e
B XA HTEE (EDS) & 72 1% KBRS S 6 XA o i 3
B (WDS) 2 & 5 ERMHDRE, 3 6 ICRERTIZDVTX
RmIT 2 475 12,

312, HFEDORER > T=A 270y h— RS

(HV) 2H5E L 72,

3. REBRER

31 EXBEHEEBOMBMS L UHER

SICHARZFIH L THK S ¥ 121388 O R0 72 i
AR T TR C I THE Led, 2 hRAET
DEELLBOT, tNPHBPL TFig.2 R T, I
BB L, FBOMEDMH FICSICH T 28 % & 20umFfEE
D CHIRLIREERE (LIRIEE A 2 123 E LPER) 27H -
T, %D LSiCRT %81 80umfRE DR SHiREEE (L)
BEABINIIRBLTR)DHERESNTY 2, — %2,
M ~OSioizEEtAEALNLZ G L2 L, 34
RO CSIOmEO A O NS I LW H B, FDEA
I3 2 DEM P IEEAB &Y 5, Fig.2(b) ~ (e) (ZFe, Si,
Mg, COZLRDFFEXBGEERT. cN6D5 b, Mg-
KafRD MR TIXFEAEEE 2 & 30BF 2 1hi (2 LR i5E © 53045 %
RLULTV 2D, ZHIRFERCL Ny 2250 FOER
VEE Lo cdEBbis, XMERITOER I 5 L

SBem

Fig. 2. (a)SEM micrograph and WDS images of (b)Fe-Ka,(c)Si-Ka,(d)Mg-Ka and (e)C-Ka for the vertical
section of iron specimen siliconized with SiC powder in the molten Mg bath for 3.6ks at 1123K:
A ; Mg+SiC, B; Siliconized layer (Sublayer I - Fe;Si+SiC composite, I1- Fe,;Si), C; Iron.
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Fig. 3. (a) SEM micrograph and EDS images of (b)
Fe- Ka and (c)Si-Ka for the vertical sec-
tion of iron specimen siliconized with SiC
powder in the molten Mg-10%Ag bath for 3.
6ks at 1123K : I - Fe,;Si+SiC composite, 11

* Fe,Si.
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(a) SEM micrograph and EDS images of (b)
Fe- Ka and (c)Si-Ka for the vertical sec-
tion of iron specimen siliconized with SiC
powder in the molten Mg-10% Al bath for 3.
6ks at 1123K : II- Fe,Si.
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Fig. 5. (a)SEM micrograph and (b)EDS image of
Fe-Ka for the vertical section of iron speci-
men siliconized with SiC powder in the
molten Mg-10%Cu bath for 3.6ks at 1123K :
I - Fe,SiC +SiC composite, I1- Fe;Si.

Fig. 6. SEM micrographs and EDS line profils of Al
-Ka, Fe-Ka, Si-Ka and La-L« lines for the

" vertical section of iron specimens siliconized

with SiC powder in the molten (a)Mg-10%
ﬁlzge}gd (b)Mg-10%La baths for 3.6ks at
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Fig. 7. (a) SEM micrograph and EDS images of (b)
Fe- Ka and (c)Ni-Ka for the vertical sec-
tion of iron secimen siliconized with SiC
powder in the molten Mg-10%Ni bath for 3.
6kP§ ag 1123K : I - Fe;Si+SiC composite, 11
- 63 1.

Fig. 8. (a) SEM micrograph and WDS images of (b)
Fe- Ka and (c)C-Ka for the vertical section
of cast iron specimen siliconized with SiC
powder in the molten Mg bath for 3.6ks at
1123K: I - Fe,;Si+SiC composite, II- Fe,Si.
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Fig. 9. (a) SEM micrograph and EDS images of (b)
Cr- Ka and (c)Ni-Ka for the vertical sec-
tion of SUS304 specimen siliconized with SiC
powder in the molten Mg bath for 3.6ks at
1123K : I - Fe;Si+SiC composite, I1- Fe;Si.

Fig. 10. (a) SEM micrograph and EDS images of
(b) Mo-La and (c) Mn-Ka for the vertical
section of SUS316 specimen siliconized
with SiC powder in the molten Mg bath for
3.6ks at 1123K: I - Fe;Si+SiC composite,
II- Fe,Si.
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Fig. 11. (a) SEM micrograph and EDS images of (b)Si- Ka,(c)W-La,(d) V-Ka and (e) Co-Ka for the vertical
section of SKHA4 specimen siliconized with SiC powder in the molten Mg bath for 3.6ks at 1123K: I -

Fe,Si+SiC composite, II- Fe;Si.
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Fig. 12. Depth profile of Vickers hardness at the
vertical section of (a)S25C, (b) SUS304 and
(c)SKH2 specimens siliconized with SiC
Il)i)zvxécllier in the molten Mg bath for 3.6ks at
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Fig. 13. SEM micrographs in the vertical section of
pure iron specimens siliconized with SiC
powder in the molten (a) Mg-1%Al, (b) Mg
-3%Al and (c)Mg-5%Al baths for 3.6ks at
1123K : I - (Fe,Si+SiC)like composite, 11
- FesSi+diffusion zone.
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