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Fig. 1 Gibbs free energy for formation reactions of calcium

silicate compounds
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XRD patterns of sintered products at different

temperatures without duration
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Table 1 Contents of SiO, and CaO in sintered products at

different temperatures without duration

Mass fraction/%
Temperature/ C
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Fig. 3 Contents of calcium silicate compounds in sintered

products at different temperatures without duration
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XRD patterns of sintered products at different

temperatures for 1 h
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different sintering temperatures for 1 h
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Fig. 5 Contents of calcium silicate compounds in sintered

products at different temperatures for 1 h
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products at different sintering temperatures for 1 h
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Table 3 Calculated results of C;S, formation with different reaction rate models
Item Model Symbol g(a) R’
Power law P2 a'? 0.8479
Power law P3 o' 0.7469
Nucleation model Power law P4 o 0.9301
Avrami-Erofeev A2 [~In(1-a)]"? 0.9622
Avrami-Erofeev A3 [~In(1-a)]"? 0.9622
Avrami-Erofeev A4 [~In(1-a)]"* 0.9622
1-D diffusion DI o 0.9301
Diffusion model 3-D diffusion Jander equation D2 [1- (1-a)"*P? 0.9537
3-D Ginstling Brounstein D3 1-2/30— (1-a)*? 0.9462
First order F1 —In(1-a) 0.9622
Reaction order and Second order F2 (1-a)'-1 0.9766
geometric contraction model Contracting area (cylinder) R2 1—-(1-a)'? 0.9486

Contracting volume (sphere)

R3 1-(1-a)"? 0.9537
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Fig. 8 Linear relationship for formation of C;S, according to

F2 model

Bl 9 o AN R S5 IR N e s 7= I B Jis T
Si0, W L ERAS S N R . G541 o AN 7wl A, Bl
Hedhin R G, Begh ) 5 AR IR AN IS WU N R
S0, ¥R P AE RS 1) S 26 i R 35 R BRI, €3S,
& BB ETHE%, C,S Ml CS ek & T
B, VLR P R RN T P AR B TEBE S C5S,
SR TR, HE—BU CS, MiRE kR T
C,S F1 CS. 1F 1360~1380 CiR LB, SiO, IR Flkk
PR J N AT B, I W R RS AR A AR
1k, S0, ¥R B FIRE IR Y 2 M 26 A8k e 34 5 [ AH H CS
SRMABLBEA L, £ 1360~1380 CHRIZBN, &6
55 CoS #iAtN CS, C,S &K, CS & ®Stm, [
IS N Si0, R BETH iy, REFRES SN RAR K, 1
B C,S HIfase st CS 1. ik, RERRES IS
FaE MR A C38,>C,S>CS, X 5 Ayt
A5

St 16
4t 15 s
o O
= 188
2 3t =2
20 3.2 @
s 2 g
2 9l o=t
7] > =
S 2 g9
S=
QO o

I 1

0 1340 1360 1380 1400 1420 1440 1460 0
Temperature/C

Bl 9 ARBELEIRE FRETWIRNLIG Si0, WL R ERR S
R

Fig. 9 Calcium silicate reaction ratio of sintered products and
SiO, concentration in leached solution at different sintering

temperatures
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Formation mechanism and stability of 3CaO-2SiO, during
high-temperature solid-state reaction

PEI Jian-nan®2, PAN Xiao-lin*2, CUI Wei-xue?, YU Hai-yanl’z, TU Gan-fengl’2

(1. Key Laboratory for Ecological Metallurgy of Multimetallic Mineral, Ministry of Education,
Northeastern University, Shenyang 110819, China;
2. School of Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: In order to reduce the lime addition and improve the stability of calcium silicates in alumina production by the
sinter process, the formation kinetics, transformation mechanism and stability of 3CaO-2SiO,(C;S,) during high-
temperature sintering process were investigated. The results show that the non-isothermal sintering process can be
divided into three stages in the CaO-SiO, binary system with the CaO to SiO, molar ratio (C/S) of 1.5:1, the formation
and transformation of CaO-SiO, (CS) and 2CaO-SiO, (C,S), the transformation of CS and C,S into C;S,, and the
decomposition of C;S, into C,S and CS. The content of C;S, in the sintered product reaches the highest value of 75.6%
when the sintering temperature is 1460 C and the holding time is 1 h. The prolonging of holding time can promote the
formation of C;S, and reduce its generation temperature. The formation process of C;S, follows the second-order
chemical reaction model, and the corresponding apparent activation energy and the pre-exponential factor are 339.67
kJ/mol and 1.31X 10° s”!, respectively. The stability of the sintered products in sodium aluminate solution increases with
the increase of C;S, content, and the stability order of calcium silicate compounds is C;S,>C,S>CS.

Key words: calcium silicate; solid state reaction; formation kinetics; stability; sinter process
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