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Analysis on Thermodynamic of Mineralogical Phases Precipitation
in Refining Slag for Bearing Steel GCr15 during
Cooling Process and Application
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Abstract With using Factsage thermodynamic calculation and test in laboratory, the effect of basicity (R)2.5 ~
5.4, AL,O,(14% ~30% ) and MgO (3% ~15% ) content on mineralogical phases precipitation in Ca0-Al,0,-Si0,-MgO
quaternary refining slag for bearing steel GCrl5 has been studied. Results show that at 1 600 °C , with basicity of slag in-
creasing from 2. 4 to 5.4, the amount of precipitation of silicate mineral in slag decreases from 56% to 30% , the total pre-
cipitation amount of three kinds of minerals of Ca;Al,0,, Ca;MgAl, O, and CaAl,O, increases from 28.0% to 58.2% ;
with increasing Al,O, content in slag from 14% to 30% (R4.4, 7% MgO)_, the precipitated metal oxide solid solution a-
mount decreases from 26% to 3. 5% , silicate minerals decrease form 42% to 33% , while the precipitated amount of three
kinds of minerals of Ca;Al,0, Ca;MgAl,O,, and CaAl,O, increases from 32.2% to 63.2% ; and with increasing MgO
content in slag from 5% to 15% (R4.4, 26% Al,0,), the change of precipitated amount of silicate minerals, Ca; Al O,
Ca,MgAl,0,, and CaAl,0, is not obvious. With basmlty of slag4 ~5, 4.5% ~5.5% MgO and 24% ~27% Al 205, the
quaternary slag has sultable viscosity and melting temperature, and has "better fluidity and ability to absorb mcluswns in lig-
uid. The thermodynamic simulation results are consistent with the results of mineralogical phases 1ngred1ent defined by hot
status remelting experiment.

Material Index GCrl5 Bearing Steel, Refining Slag, Mineralogical Phase, Thermodynamlc Simulation
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Table 1 Ingredient of refining slag series for simulation
and remelting experiment

R P

L Mg0  ALO; Ca0 Si0, ERLRES
2.4 7.0 26.0  47.3 19.7 24
3.4 7.0 26.0  51.8 15.2 -
4.4 7.0 26.0  54.6 12.4 1#
5.4 7.0 26.0  56.5 10.5 -
4.4 7.0 14.0 64.4 14.6 44
4.4 7.0 18.0 61.1 13.9 -
4.4 7.0 2.0 57.8 13.2 -
4.4 7.0 26.0 54.6 12.4 3#
4.4 7.0 30.0 51.3 11.7 -
4.4 3.0 26.0  57.9 13.1 5#
4.4 6.0 26.0  55.4  12.6 -
4.4 9.0 26.0  52.9 12.1 -
4.4 12.0 26.0  50.5 11.5 -
4.4 15.0 26.0  48.1 10.9 64
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Fig. 1 Effect of basicity on precipitated mineralogical phases during cooling process of refining slag (7% Mg0,26% Al,Q, ) ; basicity of

slag series (a)2.4;(b)3.4;(c)4.4;(d)5.4
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Table 2 Ingredient of mineralogical phases in refining slag
with basicity 2.4 ~ 5.4 at ambient temperature/ %

WE(R)

v 2.4 3.4 4.4 5.4
g-xid-MeO_A#1 0 3.52 4.89 7.01
g-xid-MeO_A#2 0 0 0 2.85
g-xid-aCa, Si0, 50.82 33.03 15.67 21.68
g-xid-BCa, Si0, 5.25 10.08 19.77 8.23
g-Ca; AL O, (s) 4,70 14,31 36.45 38.61

g-Ca; MgAl, 0o (s) 14.66 29.22 18.17 16.92
g-CaAl, 0, (s) 8.58 9.54 5.05 4.71
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Fig.2 X-ray diffraction ( XRD) curves diagram of remelting

slag with basicity 2.4 (a) and 4.4 (b)
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Fig.3 Effect of (Al,0,) on precipitated mineralogical phases during cooling process of refining slag, (Al,0,): (a) 14% ; (b) 22%;

(¢) 26% ; (d) 30% , slag containing MgO 7% , basicity 4.4
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Table 3 Ingredient of mineralogical phases in refining slag
containing 14% ~30% Al,Q, at ambient temperature

O 2 A -
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Fig.5 Effect of MgO on precipitated mineralogical phases during cooling process of refining slag, (Mg0) : (2) 3% ; (b) 6 % ; (¢) 9%

and 15% (d), slag containing Al, 0, 26% , basicity 4. 4
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Table 4 Ingredient of mineralogical phases in refining slag
containing 3% ~ 15%MgO at ambient temperature

T MO &8/ %
3 6 9 12 15

g-xid-MeO_A#] 1.93 3.97 675 9.54 12.32

gxid-MeO_A#2  0.22 0 0 0 0

gxid-aCa,5i0,  15.85 15.44 16.04 16.48  16.83

gxid-BCa,Si0,  21.71 20.51 18.34 16.29 14.36

g-Ca;ALOg(s)  38.65 37.88 33.67 29.55 25.35
g-Ca;MgAl, 0o (s)  16.93 17.37 19.72 22.02 24.36

g-CaAl,0, (s) 471 4.8 549  6.13 678
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Fig.6 X-ray diffraction ( XRD) curves diagram of quarternary
remelting slag containing 15% (MgO) (a) and 3% (MgO) (b)

K, ERPORIT

B 7(a) RIRIRERE , NI s ALO, -
Si0, K E, RT8K. HHEERFBYEL (Mg, Al Ca,
Ti) (S,0) EAFZEYIE, BAXILY LI
BRBANE,HERTE2.5 pm 24, RTE D
(B 7b) , 3Pt BER B
4 &g

()BREEM 2.4 WINES. 4 6F, ERE%E X9 Y
Bt & B 56% B & £ 30%, CaALOq,
Ca,MgAl,0,, #1 CaALLO, =F 7 ¥ i B 47 & N
28.0% 3N % 58.2%
(2)ALO, FHEH 14% 3

1500

Fe

IZE 30% B, BT 44 ) MeO [ %
PR R $h 26% B 1% 2
3.5% ;RERRER T YNT I B B
429% [ 1% 3 33% , Ca,Al, O
= Ca,MgAl,O,, #1 CaAl,0, = Fh

o i YR B W ey 32.25% 4

Ca

keV

BT RIS ALO, - SO, (a) FIKEHRIG WA, (Mg, Al Ca,Ti) (S,0) E &2 (b)

Y5 KRR AT

Fig.7 Morphology of inclusions and energy spectrum analysis, (a) original steel speci-
men, ALO, + Si0,; and (b) refined steel specimen, (Mg, Al, Ca, Ti) (S, O) com-

pound inclusion

IR B BONE B, IS B R A BT

8% 30k

(1] BEP#. GCrl5 B LF MEBBMERBIA [ D]. Ak . ARE
Bk ,2012.

(2] FRH,WTE. SHRBHRSR G5 METZHRI]. U
164:,2006,14 (37]) .88-91.

[3]1 Bk 8.2 M, EF%. 12Ca0 - TALO; P 5 H & MIWHIK
RE[ ). GiekrFs 441 ,2008,20(10) : 13-16.

(4] 2 B 0, R 8 SREEERS eI L
RIE4r,2013,35(2) :3840.

[5] BERE, TR, EWE, 5. MBIEEE MM LF TUAHR A
BRI )], 455R45,2011,32(2) :14.

[6] &Kk, 3, Frukid, . CaF,-5i0,-Al, 0,-Ca0-MgO FiTH
REEMRRBIII]. MEFTFEHR,2013,25(6) :29-34.

[7] Pontikes Y,Kriskoval L., Wang X, et al. Additions of Industrial Resi-
dues for Hot Stage Engineering of Stainless Steel Slags[ C]. 2nd In-
ternational Slag Valorisation Symposium, Leuven,2011 :18-20.

[8] Park J H. Solidification Structure of Ca0-8i0,-Mg0-Al, 0, Systems

g g . RE63.19%,
keV (3)MgO & & 5% 3
Z15% 0, R KT Y,
Ca; AL, 05 Ca, MgAlL, 0,y 1 CaAl, 0,
Frit AR E,

(O RETEBLRHFER
B AT MR GRS AL
R,
A E B A FEET A T8 ((E2013209234)

and Computational Phase Equilibria: Crystallization of MgAl, O, Spi-
nel[ J]. Calphad Computer Coupling of Phase Diagram and Thermo-
chemistry 2007 ,31(4) :428-437.

[9] &S, FRE, KIE, 2. Ca0-Si0,-Mg0-AL O, [T I
RELREWAHARE(ClL. BT ABRSERN LR¥EUE
11,2012 ;385-390.

(10] HBItg, =R E, T4I38. Ca0-8i0,-Mg0-AL O, I JTHE Hk i &

R WIRRFSE[ 1] ¥5k40,2013,34(2) :28-31.

BEEE1964-) 58,04, Bl K, e S T L RFME
B R B4, E-mail:tangguozhang@ 126. com

Weks H #4.2015-06-19



