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Preparation of geopolymer-biochar composite and its
Pb?*" adsor ption performance and mechanism
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( School of Civil Engineering, Inner Mongolia University of Technology, Hohhot 010051, Inner Mongolia, China )

Abstract: In order to improve the adsorption capacity, a geopolymer-biochar composite material G3.0BC10
was synthesized using slag and corn straw biochar as raw materials and sodium hydroxide as activator, and
evaluated via aqueous solution adsorption experiments for its Pb>" adsorption performance. The effects of
solution pH, adsorbent dosage, Cu®’, Zn*" and phenol on the adsorption performance of G3.0BC10 for
Pb*'were analyzed, with the adsorption process simulated by the kinetics and isotherm models and the
adsorption mechanism explored by XRD, SEM, FTIR and BET characterization. The results showed that
the specific surface area (55.6 m?/g) of G3.0BC10, prepared with a silicon-aluminum ratio (the mass ratio
of Si0, to AL,O3) of 3.0 and a corn straw biochar addition of 10% of the total mass of slag, was 258.7%
higher than that of G3.0 (15.5 m%/g) prepared without corn straw biochar, with hydroxyl and carboxyl
groups increased significantly on the surface of G3.0BC10. When the solution pH was 5~7 and G3.0BC10
dosage was 1 g/L, the Pb*" removal rate of 100 mL lead nitrate with a mass concentration of 500 mg/L
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reached >99%. The adsorption of Pb*" by G3.0BC10 was a monolayer adsorption process dominated by

physical adsorption, which was more in line with the pseudo-second-order kinetic model (R*=0.9354) and

Langmuir isotherm adsorption model, with the saturated adsorption capacity of 943.217 mg/g. The presence

of Cu®" and Zn®' reduced, while the presence of phenol slightly increased the adsorption capacity of
G3.0BC10 for Pb*". After 6 cycles, the removal rate of Pb** by G3.0BC10 decreased from 99.9% to 80.0%.
The adsorption mechanism included complexation, ion exchange and structural adsorption. The addition of

biochar improved the pore structure of geopolymer, increased its specific surface area and provided

abundant oxygen-containing functional groups.

Key words. geopolymers; biochar; adsorption properties; adsorption mechanism; water treatment technology
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# 1 G3.0. G3.0BCI0 X} Po> gl /2 W BRI &5 2 5
Table 1 Fitting parameters of kinetic adsorption model of

Pb**adsorption properties on G3.0BC10 and G3.0

%2 G3.0. G3.0BC10 XF Pb” %5 I FHAR R 0145 24
Table 2  Fitting parameters of isothermal adsorption model
of Pb>* on G3.0 and G3.0BC10

15— G50 15 B =G

Langmuir 7R I5H] Freundlich 45 i W Fi AR 74

T Rk Kl o R
(mg/g) (mg/g) (g'min)] (L/mg) (mg/g) [(mg/g)(L/mg) "]

G3.0 198.123 0.187 0.9435 203.128 0.003  0.9604 G3.0 0.062 694.499 0.8976 3.012 123.170 0.8665

G3.0BC10 194.730 0.166 0.6921 202.102 0.002 0.9354 G3.0BC10 0.023 943.217 0.9804 1.965 87.674 0.9799
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Fig. 4 Fitting curves of isothermal adsorption model of Pb*"
on G3.0 (a) and G3.0BC10 (b)
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Table 3 Adsorption properties of different types of geopolymers
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Fig. 6 Recycling performance of G3.0BC10
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Fig. 7 XRD patterns of G3.0 and G3.0BC10
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Fig. 8 SEM images of corn stalk biochar (a), G3.0 (b), G3.0
BC10 (¢)
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2.6.3 FTIR &5-#F
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Fig. 9 FTIR spectra of corn stalk biochar, G3.0, G3.0BC10
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Fig. 10 Schematic diagram of adsorption mechanism of G3.0BC10 for Pb>"
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AR R R L,
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HE I PO L BRE K 99.9%,
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F T2 R, EAFE IR iRl

( R*=0.9354 ); Langmuir 2575 W FFI55 893005 O e K
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T AR = G3.0BC10 XF Pb> Wi+ .
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