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Characteristics of Pb(II) adsorption on esterified spent grain
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Abstract: Spent grain, a by-product of brewing industry, was used to prepare an efficient heavy metal adsorbent using
one-step and fast esterification method. The adsorption behaviors, adsorption kinetics and mechanism of Pb(1l) by
esterified spent grain (ESG) were investigated. The results show that the esterified spent grain exhibited good adsorption
performance over the wide pH range of 4—8. The maximum theoretical Pb(1l) adsorption capacity of ESG calculated
from Langmuir isotherm is 393.7 mg/g, which is higher than that of other adsorbents reported. The sorption process is
very fast and the equilibrium is established in 15 min. The sorption kinetics is well described by the pseudo-second order
kinetic model. The calculated activation energy (E,) implies that adsorption of Pb(II) on ESG is a chemical adsorption.
Fourier transform infrared spectroscopy (FTIR) analysis demonstrates that the oxygen atoms of hydroxyl group and the
carbon-oxygen (C—oO) in carboxyl group of ESG complexing with Pb(1I) leads to the adsorption.
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Fig. 1 Infrared spectra of RSG(a) and ESG(b)
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Fig. 2 Effect of pH on removal rate of Pb(Il) by ESG and
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Fig. 4 Effect of time on Pb(1l) adsorption by ESG at various
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Fig. 5 Kinetic plots of Pb(Il) adsorption on ESG at various 208
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Table 1 Pseudo-first-order kinetic parameters for adsorption
of Pb(Il) on ESG at different temperatures

Gexy/
(mgg)
278  51.20

qcal/
(mggh)
11.59

T/K Jey/min”! R

0.353 0.998 2

298  51.21 11.60 0.460 0.948 6

318 51.26 6.29 0.381 0.9754

Fe2 ARG ORI Po( 1D R, 28 )2 5
Table 2 Pseudo-second-order kinetic parameters for adsorption

of Pb(Il) on ESG at different temperatures

Gexp/ 1
(mg'g)
278  51.20

qcal/
(mgg)
52.00

T/K Ko/min™! R

0.075 0.999 97

51.21 51.57 0.152 0.999 99

temperatures: (a) Pseudo-first-order; (b) Pseudo-second-order;

(c) Intraparticle diffusion

*3

ANTFIIRRE R e 2R B Po( T N BB 24

318 51.26 51.55 0.191 0.999 99

Table 3 Intraparticle diffusion parameters for adsorption of Pb(1I) on ESG at different temperatures

First-stage

Second-stage

T/K

kipy/(mg-g " min ") X1 R kino/(mg-g " min ") x R,
278 4.69 38.33 0.956 08 0.278 50.02 0.793 64
298 3.54 42.14 0.854 59 0.130 50.61 0.881 67
318 3.62 42.92 0.905 63 0.212 50.34 0.993 51
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Fig. 6 Adsorption isotherms of Pb( I ) using ESG as

adsorbent
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FEVE 15 20 WAk ot 22 R80T Po( I R A AT B 124
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Table 4 Isotherm parameters for adsorption of Pb(Il) on
ESG at25 C

Langmuir isotherm Freundlich isotherm

bl gl ; K/
(L'mg') (mgg) (mgg ")
00053 39370 09840 347 3673 0.9913

FT 5 et AR S AN [ 4 I 59T PR P A
Table 5 Pb(Il) adsorption capacity of modified agricultural

and industrial wastes

Adsorption
Material Modifying agent capacity/  Reference
(mg'g")
Azolla .
filiculoides | Ydrogen peroxide— g [19]
. Magnesium chloride
(aquatic fern)
Rice husk Tartaric acid 120.48 [20]
Banana stem Formaldehyde 91.74 [21]
Spent grain ~ Sodium hydroxide 37.5 [6]
Sodium bicarbonate 196
Sugarcane gy ienediamine 164 [22]
bagasse
Triethylenetetramine 313
Nipah pal
PANPAM o captoacetic acid  52.86 23]
shoot biomass
Poly (amic
. "
acid) modified Lo cid 210.5 [24]
biomass of
baker’s yeast
Wood pulp Citric acid (Carboxyl) 83 [25]
Esterified
spent grain Citric acid 393.7 This study
(ESG)
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Table 6 Infrared spectra analysis of spent grain before and after esterification and ESG adsorption of Pb(1I)
Adsorption band position/cm !
Group Vibration form
Before modification After modification Adsorption Pb
Hydroxyl and secondary amide v(O—H)+v(N—H) 3301.87 3405.74 3291.26
Ester groups v(C=0) None 1726.38 1 720.00
Amide 1 v(C=0) 1652.21 1 643.28 1 650.57
Amide I JIN—H)+(C—N) 1531.10 1523.29 1535.90
Ester groups v(C—0) None 1 166.76 None
Polysacc-haride v(C—O(H)) 1 043.70 1 048.47 1 046.50
2.5 R
AL PR ZE RIS Po(TDRTJR 20406 1= 2345k REFERENCES
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