it g 3

#% & $B Vol 82 (1996) No.7

EFRATOMNSITHICE K IFTIRPZrER L DRZE

WO W R BOE - D ESS

Effect of Zr-oxide Particles on the MnS Precipitation in Low S Steels

Takashi Sawar, Masamitsu Wakon and Shozo MizocucHi

Synopsis : Combination of deoxidation, Zr addition after Mn-Si deoxidation, was applied for the dispersion of fine Mn-Si oxides
which provide sufficient nucleation sites of MnS. It was revealed that Zr addition led to decrease in diameter and
increase in specific gravity of oxides by forming MnO-SiO,-ZrQ, complex oxides, resulting in the suppression of
floatation. Thus, higher number of oxides and MnS is obtained in Mn-Si-Zr deoxidation than in Mn-Si deoxidation.
Both model calculation and experiments were conducted to clarify the upper limit of Zr amount for the formation of
MnO-Si0,-ZrO, complex oxides, without complete reduction of MnO-SiO, by Zr, and calculated results yielded in good
agreement with experimental ones. Moreover, both results indicate that Zr addition has wider range of amount than

Al addition for obtainig complex oxide : MnO-SiO,-X.

Key words : low carbon steel ; inclusion ; precipitation ; manganese silicate ; zirconia ; manganese sulphide ; deoxidation.
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Table 1. Chemical compositions of specimens for the
deoxidation experiments with various elements.

(mass%)
(o4 Si Mn S Zr Al N [0}
T-1 0.12} 0.19 |0.95 | 0.0050 | 0.0100 | O (o] 0,0019 | 0.0013
T-2 ]0.12] 0,19 [0.95 |<0.001 | 0.0090 | O o] 0.0024 | 0,0012
T-3 }0.10} 0.18 |0.92 | 0,0070 | 0.0072 | O 0] 0.0008 | 0.0030
T-4 |0.11]0,18 ]0.91}0,0013]|0.0085 |0 [o] 0,0010 | 0,0027
75 {0.10]0.18 }0.90] 0.0069 | 0.0061 | O o] 0,0027 | 0.0028
T-6 |0.11{0.18 |0.91]0.0013|0.0075 | 0 4] 0,0023 | 0.0033
T-7 |0.11] 0.001 | 0.91 | 0.0069 | 0.0402 | O 0. 0.0007 | 0.0067
T-8 ]0.10 [<0.001] 0,92 | 0.0063 | 0.0420 ]| O 0. 0.0022 | 0,0056
Z-1 0.12] 0.19 | 0.96 | 0.0050 | O 0.0110{ O, 0.0028 | 0,0034
Z-2 {0,10] 0,19 10,94 |<0.001 | O 0.0110] O, 0,0021 | 0,0034
Z-3 10,11 0.18 |0.90}10.0013|0 0,0054 | O, 0.0018 | 0.0042
Z-4 {0.11|0.18 {0.90] 0.0014 |0 0.0051 | O, 0,0028 | 0.0042
Z-5 [0.12| 0.012 | 0.97 | 0.0060 | 0 0.0482 | O. 0.0035 | 0.0031
Z-6 | 0.10 |[<0.001] 0.91 | 0.0068 | O 0.0354 | 0 0.0009 | 0.0069
Z-7 |0.10 |<0,001] 0,91 }0.00SB (o] 0.0355 | O 0.0020 | 0.0082
A-1 ] 0.07| 0,011 ]0.99 | 0.0070 | 0 0. 0.02980 | 0.0023 | 0,0009
A-2 [0.08]0.011]|0.98|0.0110}0 0. 0.0290 { 0.0021 | 0,0016

Table 2. Chemical compositions of specimens for

Mn-Si-Zr and Mn-Si-Al deoxidation
experiments.
{mass%)
c Si Mn P S Zr Al
0.066 | 0.21 | 0.94 | <0.01 | 0.005 — -
0.047 | 0.20 | 0.98 | <0.01 | 0.007 | 0.012 —

0.047 | 0.18 | 0.91 [ <0.01 | 0.005 | 0.077 —
0.056 | 0.20 | 0.95 | <0.01 [ 0,004 | — [0.0310

OjlOo|wm|{>

Table 3. Chemical compositions of specimens for
the experiments changing Zr amount.

(mass%)
C Si Mn P S Zr (¢}
E ] 0.086 | 0.21 | 0.95 | 0,009 | 0.008 | 0,003 | 0.0046
F | 0,073 | 0.21 | 0,93 | 0,008 | 0,008 | 0.021 |0,0098
G | 0.087 | 0.22 | 0,96 | 0,010 | 0,008 | 0.040 | 0.0050
H { 0.110 | 0.27 | 0.98 | 0,032 | 0,009 | 0,091 |0.0150
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Fig. 1. Number of oxide particles in the steels for
the deoxidation experiments with various
elements.
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Fig. 2. Change in size distribution of Mn-silicate in
the molten steel by Zr addition.
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Fig. 4. Change in number of oxide particles in
molten steel with the amount of Zr addition.
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.

. 1 1927 ZBKU ES,uI‘Y!T

2z 400ppm

Fig. 6. Morphological change of oxides and MnS
with Zr amount. (SEM)

I F TOBEREREY AR Mn-SiEs i LR LT
5, —K, ZrivhinEH7400ppm DA 21X, Mn-Sis{bi iz
BBs 0T, 77 € v MRDZrO,»BIEL S 172, MnSidZrO,
CHBRMLTC2L50R129, 20BROLT»TH
5, 2DL ) RIMBEDMnSH»RA 7 54 FDOIKELE L TIE
AT 253 »REMTDH 5,

4. BR

41 Zrit & B DR Eiikis
ZrmMOBAZ, b O bRK  fhics~T, IE¥
CEPoREBIIOCT, UTFERT O0BAD 6 #H5
T 5,
4-1-1 BHHEC I 2 FEHEEOKT
BERR AR 8 2> & 7 BT 2 MehE L L T, Stokeshl =
$BFEEHIME~DNENFE L ONED, 2Tk, T
LEECE LI TRBICEORE TR LT,
7, BT TORBICMORE - KE L ISR OB
PIMT 5 L, BAHOF LEEUR, L TFTORTES NS,

—_ 2
Uzﬁ(&.eg_/’m)ﬁr .................................. e (1)
n

pre - EEADILE,
r D ALY ORI T EAR,

IIT, gl BhmEE,
pox - BALHID LLE,
n ORISR
LDIrowttiiz (1) XA L TR O NIRE R 2 Fig. 7
VN

pre=7.0g/cm?3, 7 =0.048poise?,
g=980cm/s?

N

Floating rate (mm/min)

(+] . .
0 5 10
Radius of particles (xm)

Fig. 7. Calculated floatation rate of various oxide
particles in molten steel.



Pox : (MnO-Si02) = 3. 70g/cm3 ,

paron  =6.10g/cm?® ',
=3.97g/cm® ?,
=4.60g/cm?® *¥

fA(A1203)

f(Ti203)

K& b, F—RRTHERT L, ZrO,DiF LEE IO
DT LREDORL/3TH b, i3 & 2 BRILEERDH
MpihdEELLNE, LIZH - T, HWEDOK S 2Zr0O,
L AL L 7o Mn-Sifsg{tinid, BIROSE B~ THED
Ks (LY, FEERE»NISLD,

4+1-2 Mn-silicateDiEJT

Fig. 2 T, Zrishmic & b 78R4 O Mn-SiFR LYo o=
5 EGSHRHEG NI, 24U, Zrit & 5 Mn-SiER{L
OBTfERLELONS, T bbb, £7, Mn, SiBERIC
X Y ESIHR - Mn-SiFg{bb ERT 5. £ 2 ZrWmT
Y, Zrik dTEMBCIERL, 20 Y OFEMBEEE LI
oL TZrO, R AR 3 ¥, Z DEMEOIEMIERIRE?ET T
%3, 75 EMn SiBbd SR TEHLL S ELTHE
SRh~—ZBIEM L, A4 X3 {8 5, Mukaib?id,
Mn-Si- AUBEE D35 A DA TEMIRLR DAL D T, S EY
HFDOFeO  MnODEP ~DIEM»HEET 5 2 L #2R%L
THY, 20L& LBERRLEFLONG, Lk, ZrR
I OMn-SiF{bPnis, 13 L A EHZr0, Lt #AfLL T w1
DT, ZrO, b T 5 B Mn-Sifgfbin# & £ L TAEKL
12, 2 120GBEE AR L 7o Mn-SiBg by, BT L
JTHEMLET 2B, Zro ML L THER LIS H L6
s,

LI LD &, Zrdsno A Bt » ek L 72
DI, ZrO,DLLEH K S e siF E iz & 5 EEGEDHTH
HSA SR L, ZroSMn- Sifg b %520 Lo T 550K
s botFEILLND,

(RS T OMnSH il 3 L@ T#bZrig oz 591 Il

4+2 BAN¥HEETINICL SBLPERNEH

BIROCRLIC L 312, S DBFEIRE 2’ 100ppmAKiiiG D
A, Mn-SiF b iEMnSHTHIORE £ L The b L 728
DOV EDTHB, LIH->T, OB, B
B L3 iaBiEE TR OB LY £ A7 S €U, 72 MnS
DO¥J—EDEAFT 5 505, WBBTROBMEN» £ TS
U, Mn-Sifig{t% +~<T&ILL TL 2, MnSOMH
B LTOMEFHEELLTLEIROYDHE, 22T,
hpEF s L 2EFE 1T v, Mn-SiFg L b alEER T
RO IIET s 5 RB2RET L 12,

R LICErEE S ML, 2R RD RS P € 7 19T
SOLGASMIX!® L B I 2 f#ti 7 n 2" s F T v —F
CHCT G A, i, EF AT RERP OB L b F
BLTV 55, 2 CRIEMEELS70°CI 35 5 BRILYHi
2R 12,

HEROEAKTIZC=0.1, Mn=1.0, Si=0.2mass%
L, ZIUEBHBTREORPELTHRMNT A2 LEEL
72 MABEBILE L L T, ML s R LT WZr
YR, 20 E LTTIiEAC DT HEFHE LI, k¥,
Titz 2w T, TiBLERER - 3017 5 BRI XHR 137 HI £ K5 2R
bz, Ti,0,k LIc. 2 OEAICMn-Siggibin L DIRE
RIS R T, AR e Ti,0, & L THCY R 72, £ 72, Mn,
STFRIAT D 76 40 IEE FIR 13 200ppm & L 72, BT L 72
#hF1 25— & #Table 4 #2UIR T, X1 3, MANEHBRE
g, SERMEREZYE H T,

LIRS 2, Fig. 8 LR TZri %A, ZrO,
DRBZrRmEN £ s ifecBinl T 5, —7%, Mn-Si
At ORE, ZrilmEE2L B3 WP L TH Y,
ZriRMEH400ppm TR L 2 %5, D & b, Mn-SiEg{LMH*
Zril L VA CBIEINKL I LR RT, 2D L3, Fig. 4
LR LT, BER—FBTIT R LEROBR, T4bb,

Table 4. Standard free energies of formation of oxides in steel.

Species A B Ref. Species A 8 Ref.
$i0z2 (1) -566887 | 213.42 | 18),19) Mn0-Si0: -891456 | 349.6 18), 19)
Al20s (1) -1113965 | 346.03 |18),19) 2Mn0-8i0: -1214223 | 489.37 |[18),19)
Fe20s(l) -394788 | 103.31 18),19) Mn0-Al20s -1561092 | 534.83 | 18),19)

Cca0 (1) -550482 | 116.71 |18).19),20) | 2Si02::3Al:0s -4812293 | 1591.4 18),19)
Fe0 (1) -109467 45.65 | 18),19) Ca0-Si0: -1284450 | 359.8 18),19)
Ngo (1) -555206 | 125.67 | 18),19) Ca0-2Si0: -3248885 | 858.4 18), 19)
Wno (1) -244300 | 107.6 18) 2Ca0-8i0: -1918120 | 472.6 18),19)
Mn0 (s) -288200 | 129.3 19) 3Ca0-Si0: -2584455 | 630.1 18).19)
Fe® (s) -135560 60.2 19), 20) 3Ca0:Al20s -3141254 | 794.8 18),19)
Ca0 (s) -630930 | 144.99 |19) Ca0-Al20s -1878975 | 519.9 18), 19)
A120s(8) -1225000 | 393.8 19) Ca0-2A1:0> -310’3975 906. 6 18),19)
Fo:0s(s) -481689 | 239.4 20) Ca0:6Al120s -8003556 | 2476.0 18), 19)
$i0z (s) -57644 | 218.2 19) 20a0:Si02-Al20s -3125312 | 841.6 18),19)
Mg0 (s) -632721 150.73 | 20) Ca0:25i02-A1.0s | -3022637 | 919.9 18), 19)

Zr0z (s) -1090000 | 417 21) Ng0-Al20s -1863838 | 518.6 18),19), 20)
Ti20s(s) -1071900 | 345.8 19) Ng0-8i0: ~1250474 | 373.1 18), 19)
2Mg0-Si0: -1892874 | 510.0 18), 20)

Standard state: hypothetical Henrian 1% sol. | Ca0-Mg0-2Si0: ~2492223 | 702.4 18),19), 20)

(iron: pure liquid) Ca0-Mg0-Si0- ~1923430 | 497.8 18), 19), 20)

AG = A+BT (J/mol) 2Ca0-Mg0-25i0: -3176597 | 834.8 18),19), 20)

3Ca0-Mg0-28i0: -3883701 | 990.3 18). 19), 20)
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