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Effect of Additives on Immobilization of Se(VI) and Cr(VI) in Geopolymer
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Abstract: Geopolymers have a low immobilization efficiency to oxyanions, such as Se(VI) and Cr(VI). Effects of Ca, Mg and Fe(II)
additives on the immobilization of Se(VI) and Cr(VI) in geopolymer were thus investigated. The results indicate that the leaching
amount of Se or Cr ions is greater than 60% for the geopolymers without any additives. CaO or Fe(Il) has a limited depressive effect
on Se(VI) or Cr(VI) leaching from geopolymers, and the corresponding leaching amount of Se(VI) or Cr(VI) is still greater than 40%.
However, the leaching amount of Se(VI) or Cr(VI) is lower than 10% for the geopolymers with the addition of MgO. According to the
LCF fitting results, Cr(VI) can also exist in the geopolymer network through electrostatic interaction as Se(VI). Besides, MgO or CaO
can promote Fe(Il) to release its reducibility, thereby reducing approximately 15% of Cr(VI) to Cr(IlI). Se(VI) can have a bonding
interaction with Ca. Fe(II) does not present its reducibility during the solidification of Se(VI). To some extent, MgO, CaO and Fe(II)
have a synergistic effect on the leaching of Se(VI) and Cr(VI) from geopolymers. In addition, the mechanical strength of geopolymers
with or without these additives can satisfy a requirement for industrial landfill.
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Fig. 1 XRD patterns of metakaolin and silica fume
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Table 1 Chemical composition of metakaolin and silica fume w /%
Sample SiO, Al O3 K,O Fe O3 MgO P,0Os CaO 7r0, Others
Metakaolin 52.57 43.09 2.51 1.32 0.25 0.12 0.03 0.10
Silica fume 96.67 0.33 0.04 0.40 0.39 0.10 1.72 0.35

w is mass fraction.

*2 WERESMHEREASIRITR

Table 2 Mixture formulations (g) for geopolymer samples

Sample m(metakaolin)/g m(silica fume)/g  m(MgO)/g m(CaO)/g m(FeSO4 7H,0)/g m(activator)/g

m(sodium selenate)/g  m(sodium chromate)/g

GEO1 10.157 5 1.8424

GEO2 10.157 5 1.842 4

GEO3 9.303 8 1.496 2 1.2

GEO4 9.303 8 1.496 2 1.2
GEOS5 9.303 8 1.496 2

GEO6 8.4500 1.1500 1.2

GEO7 8.4500 1.1500 1.2
GEOS8 10.157 5 1.842 4

GEO9 9.303 8 1.496 2 1.2

GEO10 9.3038 1.496 2 1.2
GEOL11 9.303 8 1.496 2

GEO12 8.4500 1.1500 1.2

GEO13 8.4500 1.1500 1.2

9.6
9.6 0.8881
9.6 0.8881
9.6 0.8881
1.2 9.6 0.8881
1.2 9.6 0.8881
1.2 9.6 0.8881
9.6 1.636 6
9.6 1.636 6
9.6 1.636 6
12 9.6 1.636 6
12 9.6 1.636 6
12 9.6 1.636 6

Values in brackets are the mass ratios of raw materials.
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(b) Extract solution: acetic acid solution(pH=2.88)
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Fig. 2 Leaching percentages of Se or Cr in geopolymer with different additives
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Fig. 11 N, desorption—adsorption curves of geopolymer samples



5055 5 A& & IS R &

YIEL Se(VI)5 Cr(VD)I/E H ML o 1345 -

x3 WERSYEROLLRER, FLARRELE

Table 3 Specific surface area, pore volume and dense
degree of geopolymer samples
Sample Sper/(m*g™") Pore volume /(cm®-g™')  Dense degree /%
GEO1 7.8 0.055 8 96.79
GEO2 11.3 0.074 6 95.98
GEO3 4.9 0.0139 99.28
GEO4 23.6 0.058 6 97.07
GEOS 39.8 0.172 1 90.99
GEO6 22.0 0.043 4 97.78
GEO7 293 0.095 1 95.16
GEO8 32.1 0.129 5 93.46
GEO9 55 0.0125 99.36
GEO10 21.0 0.080 5 95.84
GEO11 45.2 0.189 5 89.95
GEO12 54.9 0.104 4 94.68
GEO13 21.4 0.1317 93.21

Sger is specific surface area.
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