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Effect of Ti-Zr Oxide Particles on MnS Precipitation in Low S Steels
Masamitsu Waxon, Takashi Sawar and Shozo MizocucHi

Synopsis : The effect of Zr addition in the steel deoxidized with Ti was investigated to obtain uniform distribution of oxides and
MnS. The dependence of the oxide distribution on cooling rate in Ti deoxidized steel became smaller and the number
of oxide particles in the center of an ingot increased by the addition of Zr. It can be considered that Zr oxides may work
as crystallization sites of Ti oxides during solidification of steel, in addition to the effects of Zr described in previous
report; that is, refinement of the oxide particles and increase in their specific gravity to suppress their decrease in molten

steel by flotation.

Large number of fine MnS precipitated on Mn-Si-Ti-Zr complex oxide particles in the steel

deoxidized with Mn, Si, Ti and Zr under the condition based on the result of a model calculation. Fine acicular ferrite
formed in the steel sample after heat cycle test, and small Mn-Si-Ti-Zr oxides were observed in the center of the

acicular ferrite.

Keywords : low carbon steel; inclusion ; oxide ; precipitation ; manganese silicate ; titanium ; zirconium ; manganese sulphide ;

deoxidation.
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Table 1. Chemical compositions
Ti-Zr deoxidation.

of specimens for Ti and

Ti-Zr } 0,10 0.19] 0,97 | 0.006 |0.0066

{mass%)
Cc Si Mn P S Ti Zr B N (o]
Ti 0.10}10.19 | 0,97 | 0,006 ]0,0067| 0.010 | O. 0.0005/0,0033(0.0018

0.010 | 0.008 |0.0004}0,0032|0.0014

150mm 150mm
|
o
& .
N
L 9 4
140 10
o
I
)
130 130

Fig. 1. Sampling position of specimens in 100kg
ingot.
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Table 2. Chemical compositions of specimens for
MnS formation experiments with Ti-Zr

deoxidation.
Cc Si Mn P S Ti | Zr | N (o]
Ti-Zr | 0.082 | 0.20 | 0.97 | 0.008 | 0,005 |110| 40| 55} 66
Ti |0.091]0.21]0.99 |0.014|0.004 |240| — | 18 | 200
Zr 10.100}0.20] 0.98 | 0,014 | 0.004| — |100| 26 | 57
mass% ppm
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Fig. 2. Change in the number of oxide particles

in 100kg ingots.
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Fig. 3. Change in the amount of Mn-silicate with
the amount of Ti and Zr addition. (esti-
mated)
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Fig. 4. Distribution of oxide particles and MnS.
(CMA)

A OMn-SiE{brE 0 L%, TidlmE»%0, 50, 100,
200ppmDIFA D TRLIC O DT H 5 . AFF VT DI
BETE T 6 fLIcMn-SiFg LY DK X, MnO : SiO, T
1:0.83~1: 10T H 5,

Bi& b, Mn-SiE bR ZrilmEH T 5 I VE
P L T 5, Mn-Sifgfbaise 8 as s R
ROZeFBMBERE T L DAL, TizHML L vHEas
DRFFTIME4A10ppm iz 5L T, 200ppmD TiFRIMD A=
I3, #¥)140ppm t > T v 2, B £ FE L L v LK
ETHIE, COME b, SRIOERSEY, T4bbTi=110
ppm* & I Zr=40ppmT i, #250ppm D Mn-SiEg L »5Ti
ZriBit L ERTF LT EHE LGB,
3+2+2 Mn-Si-Ti-ZrBing =5
(1)EeA b, MnS5Aa2%EE)

Fig. 4 iz, CMATE 6 fuic{bi L MnSDO5 MG # R~ T .
BHETIKAODA Y b 7—=2KO b DIEMnD I 7 uigiir &
L, HEBOIIMnS#/R7, Mn-Si-Ti-ZrE AL (LLT
Ti-Zrlilg LIRELT 2) OF/A L, EHOAVEIH—IZ
SELTVE, TOHRCEDIZEAEIR, BiET 2 L5146
Bt E T LIcMnS2# L Twv 5, Zhid, e L
TAT7% - 72 Mn-Si-TilfE (LU T TilBiEE L #858) £ O MnS/E
BACE~NT, BRI o T b, 3712, Mn-Si-Zrlik
B (LU T ZrBifE & w&E0) DA & AR R L Ak ig & 72
S>TWw 5,

CMADE§ % E BRI FENT L T o nIcEE (b & MnSIE
% Fig. 5 (2R T Ti-ZriEe O b B0, TiliEe
CEAT2.55 ML Tk b, Bk AT L7eMnSo
A% b, TiBiEE CE~IEE T EL 2> Tv 5, Fig. 6121,
Ti-ZrRE BT OBRALWFE D FRITAE R 2R T, 2t b, B8
AL DIZ LA EDTI-ZrOBEAEEI L g5 T3 2 LA
5, 372, BALYIDOEHRIER ¥ Fig. 7 \2onT »5, Ti-ZrbiEg
ST TiBEE 3 & U Zr BLEE I, iz 2> Tv 3 ,CMA
HEDE— LB 3 umZ DT, BILWEDEY K S { A

bo TV aWREMED D 5%, HAMMICRTLEIIE LR
> TWw5, Lchi->T, TiBEESZ40ppmDZriininT, Zr
B EE D356 & Rk, BRALY 2 o - £ 858k L, MnS



Bl 596 5% & $BVol. 82(1996)No. 7

T
£ 500
o} »
-
>E< 400} Oxides
& B Oxides—MnS |
< 300}
c
p n
K
L 200
£
[ L.
Q
e 100}
é -
§ 0
Ti-Zr Ti Zr-deoxidation

Fig. 5. Comparison of particle numbers. (Oxide-
MnS: MnS precipitated on the oxide)
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Fig. 7. Comparison of average diameter of oxide
particles.
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Fig. 8. Change in the morphologies of oxides in the
steel deoxidized with Ti and Zr.

Fig. 9. Microstructure of a sample after the heat
cycle test.
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Fig. 10. Morphology of an oxide particle with MnS.
(SEM)
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For fine MnS dispersion in low-S steels
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Fig. 11. Concept of the technique for the fine MnS
dispersion in low S steel.
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