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Thermodynamics of the effects of slag compositions
on the precipitation of chromium spinel in
Ca0-MgO-AlL,0;-Si,0-Cr,0;-FeO-TiO, slag system

TONG Zhifang, JIA Zhiheng, ZENG Qingpo, XU Congcong
(Faculty of Materials Metallurgy and Chemistry, Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: According to the non—equilibrium solidification theory of the melt, the effects of basicity, MgO and
FeO mass percentages on the initial precipitation temperature, precipitation amount and chemical compositions
of spinel phase in CaO-MgO-A1,0;-Si0,-Cr,0;-FeO-TiO, system, a basic component of the glass—ceramics
prepared by stainless steel slag have been studied by using the thermodynamic database of Factsage 7.1. The
results show that the mineral phases precipitated in the process of non—equilibrium cooling and solidification
mainly include diopside, anorthite and spinel phases, among which diopside is the main phase. The spinel

phase, precipitated at high temperature, is mainly composed of MgCr,0, and FeCr,0,. At different degrees of
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basicity, the initial crystallization temperature of spinel rises with the increase of the mass percentage of MgO.
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When the w(C)/w(S) is 0.47 and the mass percentage of MgO is less than 10.52%, the precipitation amounts of
magnesium—chromium spinel and iron—chromium spinel increase with the increase of the mass percentage of MgO.
When the w(C)w(S) is 047 and the mass percentage of MgO is over 1052%, the precipitation amount of magnesium—
chromium spinel increases while that of iron—chrome spinel gradually decreases. When the mass percentage of FeO
is less than 7.57%, the precipitation amount of magnesium—chromium spinel and iron—chrome spinel increases
with the increase of the mass percentage of FeO. When the mass percentage of FeO exceeds 7.57%, the

precipitation amount of the magnesium—chromium spinel decreases and that of iron—chromium spinel increases

with the increase of the mass percentage of FeO.
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Table 1 Basic formula

Qi{j;g

Bt l CaO0 MgO AlLO; SiO, Cr,0; FeO TiO, w(C)lw(S)

S; 2265 7.52 10.58 4832 2.0 457 434 0.47

S, 3549 7.52 1058 3549 20 457 434 1.00

1.2 Factsage ##lit & &4

AE 1 v A1 B8 |, BN Scheil-Gulliver 7 224, &
X A2 2% B [ 2o AR A — Ol R BS R iR B &t R
TEWCS A S8 A3 509 /0, TAE BAR TR A1,
TE VR AN BE [ A RS A TR e 195 T A R S B IX B
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Table 2 Formula of different FeO quality with

basicity of 0.47
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Table 5 Formula of different MgO quality with
basicity of 1.0
P e

fic 77 CaO MgO  ALO;  Si0, Cr,0;  FeO TiO,

S,-M,  35.49 252 1058 3549 2.0 4.57 4.34
S,-M, 3549 452 1058 3549 2.0 4.57 4.34
S,-M;  35.49 752 1058  35.49 2.0 4.57 4.34
S,-My, 3549  10.52  10.58  35.49 2.0 4.57 4.34
S,-My, 3549 1452 1058  35.49 2.0 4.57 4.34
S-M;s 3549 1852 1058  35.49 2.0 4.57 4.34

S;-My 3549 20.52 1058 35.49 2.0 4.57 4.34

A g
Bl CaO  MgO  ALO;  SiO, Cr,0; FeO  TiO,
S-F,  22.65 7.52 10.58  48.32 2.0 1.57 4.34
Si-F,  22.65 7.52  10.58 4832 2.0 2.57 4.34
Si-F;  22.65 7.52 10.58  48.32 2.0 3.57 4.34
Si-F,  22.65 7.52 10.58 4832 2.0 4.57 4.34
Si-Fs  22.65 7.52 10.58  48.32 2.0 5.57 4.34
Si-Fs  22.65 7.52 10.58  48.32 2.0 6.57 4.34
S-F;  22.65 7.52 10.58  48.32 2.0 7.57 4.34
Si-Fip  22.65 7.52  10.58 4832 2.0 10.57 4.34
Si-Fu  22.65 7.52 10.58  48.32 2.0 14.57 4.34
Si-Fig  22.65 7.52  10.58 4832 2.0 18.57 4.34
Si-Fyn 22.65 7.52 10.58  48.32 2.0 20.57 4.34

#3 WEAN1LOEARE FeO REME S
Table 3 Formulas of different FeO quality with
basicity of 1.0

Pl g

e 7 CaO MgO  ALO;  Si0,  Cr04 FeO TiO,
S—F,  35.49 7.52 10.58 3549 2.0 1.57 4.34
S,-F, 3549 7.52  10.58 3549 2.0 2.57 4.34
S—F; 3549 7.52 10.58  35.49 2.0 3.57 4.34
S,-F, 3549 7.52  10.58 35.49 2.0 4.57 4.34
S,—-Fs  35.49 7.52 10.58 3549 2.0 5.57 4.34
S,-Fs 3549 7.52  10.58 3549 2.0 6.57 4.34
S,-F;, 3549 7.52 10.58 3549 2.0 7.57 4.34
S—Fip  35.49 7.52  10.58 35.49 2.0 10.57 434
S—-Fiu  35.49 7.52 10.58 3549 2.0 14.57 434
S—Fis  35.49 7.52  10.58  35.49 2.0 18.57 434
S;-Fn 3549 7.52 10.58 3549 2.0 20.57 434

4 WEH 047 BARE MgO RENEF
Table 4 Formula of different MgO quality with
basicity of 0.47

WA g
[[53 CaO MgO  ALO;  SiO, Cr,0;  FeO TiO,
Si-M, 22.65 2.52 10.58 48.32 2.0 4.57 4.34
Si-M, 22.65 452 10.58 48.32 2.0 4.57 4.34
Si-M;  22.65 7.52  10.58  48.32 2.0 4.57 4.34
Si-M;, 22.65 10.52  10.58  48.32 2.0 4.57 4.34
S-My, 22.65 1452 1058 48.32 2.0 4.57 4.34
Si-Mjs  22.65 18.52  10.58  48.32 2.0 4.57 4.34
Si=My 22.65 20.52 10.58 48.32 2.0 4.57 4.34
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Fig. 2 Effect of mass percentage of MgO on

precipitation of total spinel with different basicity
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Fig.3 Effect of mass percentage of FeO on

precipitation of total spinel with different basicity
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Fig. 4 Composition of spinel precipitated during
non—-equilibrium solidification of S, slag

Y AR i A o2 FHBE B AR Al A1 (MgCr0,) VER SR AR A A1
(FeCry0,) A/ I BE R IR i A1 (MgALO,) 5548 1Y
Hrb DR A SR, HUCHRIER A, B
BRI A A fe b TR AR A A BT i A 7R b S B
THE FeO DL K& MgO Y o1 5 1 53 BOM 85 5% 2R i A1
SEEE R AN R,

AR BE 2544 F MgO FeO Y i 1 43 B0 5
ARG ANT R 5 B 6 ik, mE S L
B, OREBEE S50 BE 5 O fi A B BT S A R B
MgO 19 J5% & F 43 £ w8 . 24 MgO 19 i &
STECR T 14.52% ), 5 B 19 25 A0 0T BE 55 2 i A BT i
AR/, K 6 AlA, R F B 44T FeO 1)
JoT o A BON BE AR AR S A AT R S R R R A Y
w (C)/w (S)H 0.47,Fe0 W T & H 755/ F 7.57%
BF, BEES R M A R HT BT FeO 0T it A 43 501 3
I N, FeO W BT H 43 BOK T 7.57% 0, BERER
fl AT BT N BE 25 FeO S0 A 435004 34 T it
Do 2 w(C)hw(S) R 1.0 B BRI G A AT B E
FeO JTife [ 20 B 38 i — Fsk b, it o g S
52 ST (W AF 9T 25 SR A — 30, X EORS TR E P T, Y

3.0
w(C)/w(S)=0.47
2 2af w(Fe0)=4.57%
p Mg020.52
= Ys015
5 1.8 1”5'014,52 52
Eﬁ Mg()1052
K 1.2f
s Mg07.52
;ﬁ 0.6 Mg04.52
0 ) : ; ;
1 000 1200 1400 1600 1800 2000
MHEPC
30 w(C)/w(S)=0.47
20 w(Fe0)=4.57%
=240
= Mg020.52
= 18 Mg014.52
R S Me018:52
= < Mg010.52
L W) Mg}\?;()sztz.sz
Z‘z Mg02.5)
3\3? 0.6
#
0 "
1 000 1200 1400 1 600 1 800
M PC
ES5 AEBER MgO WRER TEHXTHFERRR
A HTH A

Fig. 5 Effect of mass percentage of MgO on
precipitation of magnesium—chromium spinel

with different basicity



6 Resgftsh TR

2020 - 6 H

1.6

w(C)w(S)=0.47
w(Mg0)=7.52%

BELK AR fi A1 ZHITHT i /g

0 L L
1 000 1200 1 400 1600 1800
REEPC
1.6
Feoy 5, w(C)/w(S)=0.47
m\;; FF’OIQ57 w(Mg0)=7.52%
H
=
R
=
st
4
X«
5
31%5
0 A : i A
1 000 1200 1 400 1600 1800
/PG
4.0
[ Fe01.57
" Fe02.57
= 32 Fe03.57
gmj —Fe04.57
a S Fe05.57
= 2,4 —Fe06.57
\5 —\\ -y, \\\\\\ Fe07.57
Sy
T g6l Fe014.57 S o \1901057
o2 : Fe018.57 NN\
( Fe02057 \\‘\Q\i\\ \
£ 08 w(©)hw($)=10 NN\
w(Mg0)=7.52% NN
o W\
1000 1200 1400 1 600 1 800
TRE/eC
Bl 6 AEWER FeO MRER 7 HX %
SR A M H R0

Fig. 6 Effect of mass percentage of FeO
on precipitation of magnesium—chromium

spinel with different basicity

FeO MY A K T 7.57%F , A [a] B B X 85 4542
w1 T S A 0 5 e B A — 3, FeO 1Y T i A 434K
ARTRIE 10 (C)hwo (S) A 0.47 BYEEHE IS i A1 1 e 247
H/NF w(C)w(S) N 1.0 B L0 &

B7. B8 FEam 43 il AN TR BB 45 40 T MgO |
FeO 1 5T i B 7 B0 2 dh A d ik v o — H B4 oo
FeCr,O, AT AL 2, 1 & 7 o LAE H, w(C)/
w(S)H 0.47 Bf, MgO Y it & A 4380 2.52%3% in 3
10.52%H , FeCr,0, M FF 1R AT H0 IR BE AW A | ek
Br b i AN WS 2 0 MO WY it A 4350 10.529%34

F] 20.52%M} , Fi & MgO 4 i3 it 7 43 2038 I, FeCr,0,
%ﬁ&g%ZTﬁpémmm@ﬁEM$L%%
MgO HY & [ 40 B N, FeCr,0, B B R HT H B A W
A%, FeCrOy BT I B o X6 AN [R]660 32 114 52 1] | ]
PLE 1,2 MgO 1 i H 20 80RF 10.52% , B 1
ALK FeCr,O4 AT HSZ M MLA: — 2, H MgO 95 i
H BB 5T ,w(C)hw(S) R 0.47 B AR
il A1 R 28T H R F w0 (C) A (S) 8 1.0 B i AT 1
i, M8 L ARG EE S5 R, FeCr,04 B K AT

B A FeO SN Z#iH £,
1.0
w(C)w(S)=0.47
a0 L —
208 w(Fe0)=4.57%
o
H
= 067
IR
Nl i
mE 0.4 ‘M8010'52
&K
=027 M’”gf)ug
35 Mé‘Og_j2 04.52
0 A i i
1 000 1200 1 400 1 600 1 800
RIE/C
1.0
w(C)w(S)=0.47
0.8} w(Fe0)=4.57%

BREE I A L IC BT H R g

0 . . . A
1000 1200 1400 1600 1800 2000

R EE/C
2.0
w(C)w(S)=1
mﬁ L6 ye0252 w(Fe0)=4.57%
=
E L21 yp04s2
5 Mg07.52 AN
o 0.8F ) k
oZ \\
2 Mg010.52
= 041
® Mg018.52
Mg020.52 ;
1 000 1200 1 400 1 600 1 800
\‘El P‘:T—/o
E7 AEWERN MgOHREBHNKRIEREA
T B 2

Fig. 7 Effect of mass percentage of MgO on
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