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Effect of silicon-containing impurity on precipitation of sodium
aluminate solution and interaction mechanism
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(Postdoctoral Exchange Station of Chemical Engineering and Technologe, School of Chemistry and Chemical
Engineering, Central South University, Changsha 410083, China)

Abstract: By analyzing the changes of precipitation ratio, particle size and morphology, the effect of the impurity
ingredient contained silicon on the process of precipitation of sodium aluminate was studied. According to these
experimental results, the total energy and electronic structure of SiOs* located on gibbsite (001) and (100) face with
some different modes were calculated by using Dmol3 program based on DFT, and the equilibrium and growth
morphology of systems were analyzed by using crystal growth habit program morphology. The experimental results show
that the silicon dioxide influences the precipitation rate and morphology of gibbsite, and the (100) face of gibbsite is
easier to unfold. The theoretic calculation results indicate that the electronic structures of (001) and (100) surface change
obviously when SiO;*” is located on the surface, and the stability of the system with more oxygen atom is lower. The
calculation results of equilibrium morphology and growth habit show that the volume of growth crystal is smaller when
Si05? is located on gibbsite (001) surface, while the volume is larger when SiO;”" is located on gibbsite (100) surface,
compared with the systems without SiO5> .
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Table 1 Total energy and bonding energy of (001) surface of

super-cell gibbsite with Si0>

Model Total energy/a.u. Binding energy/a.u.
(001)-1 —4253.319 368 6 —10.957 995 1
(001)-2 —4253.752 5159 —11.391 1423
(001)-3 —4 252.863 438 8 —10.502 065 3
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Table 2 Calculation results of growth habit of (001) surface

of super-cell gibbsite with Si0;>
Relative surface

Unique number

Model : Volume/A>
/volume ratio of facets
Gibbsite(001) 1.182 1.482 442 % 10* 18
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Table 3 Total energy and bonding energy of (100) surface of

super-cell gibbsite with Si0;>

Model Total energy/a.u. Binding energy/a.u.
(100)-Si05* -1 —4252.549943 9 —10.188 570 4
(100)-Si05* -2 —4253.649 463 1 —11.288 089 6
(100)-Si05* -3 —4253.223 403 6 —10.862 030 1
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Table 4 Calculation results of growth habit of (100) surface
of gibbsite with SiO;*

Relative surface Unique number

Model fvolume ratio Volume/A® of Faces
Gibbsite(100) 1.233 1.436 780 % 10* 32
(100)-Si05' -1 1.178 2.531 424X 10* 30
(100)-Si05> -2 1.200 1.678 446 10* 36
(100)-Si05*™-3 1.186 2.221 179X 10* 28
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Fig.10 Total surface energy and area ratio of main crystal face calculated by equilibrium morphology method: (a) (100); (b)

(100)-Si05*-1; (¢) (100)-Si05> -2; (d) (100)-Si05> -3
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