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Thermal equilibrium analysis and experiment of molten slag modification by use of its

sensible heat
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ABSTRACT Preparing high added-value materials from molten slag directly by modifying molten slag has drawn a great interest in
the utilization of molten slag because of its high efficiency during the integrated utilization of the heat and slag. In this paper molten
steel slag and sands were selected as typical molten slag and modifiers respectively. The effects of the amount of added modifiers on
the waste liquid sensible heat of modified molten slag were studied during the modification process which was subsequently confirmed
by industrial test. It is indicated that the sensible heat of modified molten slag increases at first and then decreases with the addition of
modifiers. The sensible heat improves with the increase in mass fraction of modifiers from 5% to 11% and reaches the maximum at the
mass fraction of 11% . The optimal amount of modifiers ranges from 11% to 19% in consideration of both the utilization of sensible
heat and the performance of modified molten slag. Furthermore the industrial test verifies that both the fluidity of modified molten slag
and the stability of cooled modified slag are significantly improved at the addition of about 12% modifiers.

KEY WORDS molten slag; sensible heat; modification; thermal equilibria; industrial test

2014 16.37 x 10” t 15% 30%
8.23 x 10’ t b ( )

: 2016—05—14
o » (2016 YFB0601304) ; (201406465049)



- 1387 -

1.23x10°t  2.46 x10° t

1670 MJ+t™" 1700 MJ - . Liapis  Papayianni "
7 2014
6.24 x 10" MJ 2.12 x107 t
20 50
14
2 15
90%
: ( CaO/SiO )
1.3 .
16
17-19
( )
N N +Merotec -
3-8
9-11
1
(1) 1600 °C
; 25 C
0.1 ~0.3Wem 'K .
2Wem 'K’ (2)
(3)
(4)
1.197 kJ*kg ™' *C ';
185.23 kJ kg™
12—-19 “ » “ ”» (5)
. Tossavainen
12 2

Factsage7. 0



* 1388 -
Q,
Qp =mH, (3)
m, H
T
Q.=m [ car (1) (3) (2)
T, ‘
Q T T, Q.= Z n; J'T‘ CdT +mH,. (4)
m C,
. 3.1
Q=X n [ CdT+Q, (2) X
Qe T,
n, C,
1 ( )
Table 1 Chemical compositions of steel slag and sands%
CaO Fez 03 FeO SIOZ MgO Alz 03 MnO Naz (6] K2 (6]
40. 12 11.90 16. 09 17.09 3.90 3.62 3.53 0.15 0.10
2.87 2.72 — 71.26 0. 88 13.92 0.05 3.71 3.87
3.2 1343.83 C
X 1 1. 58;
( PDF 46-1045) . ( PDF 41—
1480) ( PDF 76-0918)
Ca®* (1)
2
Fig.2 Liquid phase temperature and basicity of modified molten slag
with different addition of sands
1 X
Fig.1 X-ray diffraction patterns of sands 1% ~25%
Ca0.Si0, FeO 80%
3.3 Ca0—Si0,—FeO
Factsage 7.0 1% ~25% 3
3 1% 25%
2 A B
(C,9). A
; 12% C,8—C,S( ) —FeO



- 1389 -

( ) C,S.C,S
FeO 2130.2070 1369 C A
C,S CS

3 Ca0—S5i0,—FeO

Fig.3 (Ca0—Si0,—FeO system ternary phase diagrams

A c
C,S—FeO—CFS(
) C,S.FeO CFS
2130.1369 1223 C
C,S CFS c

(D 15%)
C,S—FeO—CFS( )
C,S.CFS FeO CFS
FeO CFS FeO D

D B B
C,S—CFS—C, S, ( )
C,S. CFS C.S, GS,
1470 C FeO 1360 °C
B D D

Factsage
15%

Factsage 12% Factsage

Al,0,.MgO.MnO, Fact-
sage
3.4
(a) . (n)
(m) 3.2 X
C
20 2
2 (1). 847 K
a-— B-
847 K
(4) ;
(1) (4)
T
= . CdT+ H =
Q.. 2 n; Jl i m; i,
T T T
n, L‘ C,dT +n, fT‘ CdT+m, fT" CdT +
T, v
mo | CdT4m, [ CAT+mH, (5)
T, T,
n, Cq
n, C,
TYI nll’l
C, T,
2
Table 2 Molar heat capacity of minerals of sands
Jemol ~1eK !
a b c /K
43.89 38.79 -9.67 298 ~847
58.91 10. 04 0 847 ~ 1969
516. 31 116. 32 -125. 60 298 ~ 1391
572. 12 77.32 -190. 46 298 ~ 1400
(1) C=a+bx1073T+e¢x10°T72;(2)
1969.1391 1400 K.
4
4.1
1 kg (1) .(4) (1)
1600
0.= f 1.197dT. (6)
T,
1%
10g : 5. 80 x
10 7% mol 4.11 x 10~ mol 5.99 x
10 mol.  Factsage 7.0



= 1390 - 38 10

1526.79 C (6)
1600
0. = j 1. 197dT =87. 60. (7)
1526.79 : 20%
(1) (4) ~ s
(5) 19%
1799. 94 1391
0., :nqj chT+n"j C.dT + 1.33.
298. 15 298. 15
1799. 94 1473
CdT + C.dT +
" 11391 ’ o Lgs. 5" 11% ~19%
1799. 94 . 11%
mf C.AT+1000 x 1% x 185.23.  (8)
1473 ; 19%
Q. =17.01kJ.
Q.>0., 4.2
1% . 1600 °C
11% ~19%.
( 11%
) 4
5
21.31t  22.43+t 2.4t
1 2 1.55
1.58 12.69% 11.98% .
sy« 1
A
b RN
B e g
= |
. g ST | i ¥
[ I
Fig.4 Sensible heat and basicity of modified molten slag with differ— !
. ons B !
ent sand additions
4 \
% 9
5
Fig.5 Flow chart of industrial test
12%
1. 58. 6 ) 6( a)
137.54kJ 11% : 6(b)
1. 62. p 6(c)
1% ~5%
; 5% ~11%
X
3
; 2.4 1. 60
11% ~19% 1.62 1.55 1.58

3 4 12. 69%



- 1391 -

6 - (a) i (b) ; (<)
Fig.6 Process of industrial test. (a) modification process of molten slag on site; ( b) transportation process of the slag pot after modification; ( c)

tipping process of the slag pot after modification
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