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Table | Elemental composition of quartz sand raw material and the change of ion mass concentration before and after impurity removal of
sodium silicate solution
Element composition of quartz sand raw material
Constituent po/(g'L™ pi/(g’ L™
Element wi% Element w/%
(0} 51.73 Ca 0.08 Na,SiO3 50.6559 48.6463
Si 44.19 Ti 0.07 Al 03178 0.0159
Al 2.08 P 0.04 Fe 0.0827 0.0015
K 0.70 Mg 0.02 Ti 0.0058 0.0003
Fe 0.57 Ba 0.02 K 0.0153 0.002 1
Na 0.26 Ag 0.01 Cr 0.0002 <0.000 1
Cr 0.12 Mn 0.01 Zn 0.0002 <0.000 1
B 0.09 Zn 0.01 Mn 0.0001 <0.000 1
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Fig. 1 Effect of CaCl, and Ca(NO;), on the removal rate of Al,
Fe and Ti
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Table 2 BET data of precipitation products formed by different
Ca*" deimpurity agents

BET specific surface area/ Pore volume/

Source of Ca?* Pore size/nm

(m*g™) (cm’-g™)
Ca(NO;), 416.7865 0.2489 23890
CaCl, 588.8661 0.5885 3.9978
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Fig. 3  Effect of reaction time on removal rate of Al, Fe and Ti
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Fig. 6 XRD pattern of hydrothermal reaction precipitates at
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Fig. 7 SEM images of precipitated products of hydrothermal reaction at 8—16 h

# 3 8~16 h ULIE~WHak. 45, 45, &k, 8k, #onE T
Table 3 Analysis of Si, Ca, Al, Fe, Ti and K elements in
precipitated products at 8—16 h

t/h wsi/% Wea/% wal/% Wgo/% wri/% wi/%

8 14.48 11.47 1.92 2.52 0.03 0
12 20.22 13.95 5.38 4.07 0.03 0.03
16 25.89 18.67 11.27 6.61 0.06 0.04

A LI A 2 TS 5, X FE ] 7 B9 SEM R AT I
PRI, B UTTE 09 2 1 5 2 LA Ca-Si 45 8% 32, it
B BRIT R A0 I R B/ . 38 53 ICP-MS il EDS-
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©
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B 2 00 5| NI AR 2 v, B9 W AR 2R v AR K Ak
TR TR TG 1Y) S5 I 6 A8 R A J ™ I 24, 25 SR N &1 9 e
INo 1S B H RN R IR BN TE VA W T 01 AR ), kAR
DU TE A Ay F2 AR, B0 RN 403 ) 2 SR 3%, TERE R B

a—Precipitated products at 8 h; b—Precipitated products at 12 h; c—Precipitated products at 16 h
8 8~16 h UL ¥E,/ ") EDS-mapping
Fig. 8 EDS-mapping of precipitated products for 8—16 h
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Fig. 9 Impurity removal pathways in sodium silicate solution
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Table 4 Cell parameters of crystals in the reaction path

No. a/nm b/nm c¢/nm al(°) L) y/I(°) V/nm?

1 0.98 3.17 2.49 90 90 90 7.73

2 1.01 3.35 2.59 89.2 90.4 90.8 8.75

3.41 2.62 88.6 90.7 90.9 9.62

4 1.11 3.43 2.63 88.2 91.2 92.3 10.00
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Table 5 Lattice energy of the structure of products

Structure Lattice energy/(kJ-mol™)
1 1999.58
2 2066.69
3 2127.85
4 2179.44
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Fig. 10 TEM images of the precipitated product
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Fig. 11  Planar simulated structure of precipitated products
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Mechanism for Preparation of High Purity Sodium Silicate Solution by
Impurity Removal in Liquid Phase

XIA Yi, LYU Hui, CAO Guiping
(State Key Laboratory of Chemical Engineering, East China University of Science and Technology,
Shanghai 200237, China)

Abstract: The purity of sodium silicate solution is an important factor affecting the preparation of high purity
silica by liquid phase method. The effects of Ca®" on the impurity removal of sodium silicate solution, reaction time,
reaction temperature and Ca-Si molar ratio were studied systematically. The removal rate of Al, Fe and Ti impurities in
sodium silicate solution reached 95% after the reaction at 180 °C for 16 h with the addition of CaCl, at Ca-Si molar
ratio of 1 : 20. The crystal structure and surface morphology of the solids obtained from the impurity removal reaction
were analyzed, which showed that impurity ions in the solution were removed by Ca?* in the form of Ca-Si precipitate.
Combined with the analysis results of the distribution of elements and the mass proportion of elements, it was proved
that impurity ions were successfully combined into Ca-Si precipitate. Molecular simulation was used to explore the path
of impurity removal reaction. The simulation results showed that Ca-Si precipitation was formed by the combination of
Ca’" and silicate formed by Si—O tetrahedron, in which Si in some Si—O tetrahedron was replaced by Al, Fe, Ti and
other metal impurity ions, forming Ca precipitates containing metal impurities. Therefore, Al, Fe, Ti and other elements
appear in the precipitation, and ions such as Na and K enter the precipitation due to charge attraction, forming various
silicate precipitates. With the change of crystal cell volume as the criterion for the formation of impurity ions, the
increase of lattice energy proves that the impurity removal reaction generates stable precipitation, which provides
theoretical guidance for the mechanism of Ca** formation of silicate precipitation and absorption of impurities in
sodium silicate solution.

Key words: sodium silicate solution; purification; condition optimization; precipitation; molecular simulation
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