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Adsorption performance and mechanism of biochars for gaseous VOCs
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Abstract ;: Biochars converted from pyrolysis of walnut shell and coconut shell were used as an alternative adsorbent
for adsorbing volatile organic compounds ( VOCs). Biochars were characterized by Elemental analysis, Fourier
transform infrared spectra, Boehm titration and specific surface area and porosity analyzer. And the adsorption
behaviors of benzene and toluene on biochar were investigated by column experiments. The results suggested that the
adsorption performance of coconut shell biochar was better than walnut shell biochar under the same preparation
conditions. The adsorption capacity of biochar was increased with the increasing pyrolytic temperature within the
temperature range (400 °C to 700 °C ). The adsorption process of low pyrolytic temperature biochar (400 C ) and
high pyrolytic temperature biochar (700 °C) were described with the pseudo-second-order model and the pseudo-
first-order model, respectively. At the adsorption temperature of 30 °C, the isothermal adsorption process could be
fitted by Toth model, and the maximal adsorption amounts of benzene and toluene calculated by Toth were 18.98
and 61.73 mg/g. The surface acidic groups and porous structure of biochar played an important role on adsorption
capacity, affecting the surface adsorption and intraparticle diffusion process.
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Fig.1 A schematic of adsorption apparatus
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Tab.1 Elemental compositions and surface functional groups of biochars at different pyrolysis temperatures

TR (w,%) EaRd RT3 R T BEMAT/ (mmol - g7!) TR REM/
A o ]
0 C H N JEE IR L JEE IR L B A i i [hE=E e M (mmol - g™)
H400 17.500 78.640 3.780 0.340 0.167 0.577 0.342 0.304 0.124 0.770 0.202
H550 8.200 86.530 2.850 0.260 0.071 0.395 0.220 0.262 0.013 0.495 0.224
H700 8.150 87.070 2.270 0.290 0.070 0.313 0.173 0.002 0.257 0.432 0.222
Y400 14.800 76.370 4.010 0.300 0.145 0.630 0.363 0.135 0.177 0.675 0.197
Y550 8.160 86.340 3.200 0.320 0.071 0.445 0.247 0.172 0.045 0.463 0.213
Y700 7.560 90.510 2.520 0.280 0.063 0.334 0.194 0.018 0.140 0.352 0.225
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Fig.2 FTIR spectra of biochars
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Tab.2  Surface areas and pore volumes of biochars at various

pyrolysis temperatures

a/ a,/ v,/ V,/
RNV
(m* - g™) (m*-g™h) (em®-g') (em®-g™h)
H400 0.472 0.189 5.000E—4 0.012
H550 218.550 2.118 0.090 0.037
H700 399.070 3.041 0.162 0.028
Y400 0.913 0.345 3.000E-3 0.039
Y550 140.800 3.108 0.057 0.010
Y700 351.230 10.855 0.152 0.086
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Fig.3 Pore size distribution of biochars
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Fig.4 Effects of adsorption time on the total adsorption amount
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Tab.3  Adsorption kinetics parameters of benzene and toluene on biochars
WE—8 3l g 2R W B Jy A Elovich 7772
M2 i 551 W B 5T
q/(mg-g") Kk R g./(mg-gh) ky R? a b R?
H400 0.037 0.247 0.965 0.052 7.945 0.997 0.046 88.496 0.949 S
H500 0.047 0.234 0.983 0.060 5.854 0.998 0.045 77.519 0.948 xR
H700 3.516 0.007 0.991 4.427 0.001 0.988 0.095 1.399 0.946 PN
Y400 0.063 0.539 0.972 0.054 9.353 0.991 0.052 82.645 0.901 PN
Y550 0.729 0.026 0.997 1.003 0.018 0.987 0.084 6.540 0.939 S
Y700 19.872 0.002 0.873 49.751 1.830E-5 0.579 0.018 0.280 0.902 xR
H400 0.052 0.455 0.987 0.062 18.194 0.999 0.370 105.263 0.968 R
H500 0.106 0.234 0.954 0.115 1.696 0.979 0.054 41.667 0.958 R
H700 19.161 0.019 0.934 13.986 3.000E-4 0.861 0.136 0.351 0.883 EFS
Y400 0.823 0.063 0.738 0.664 0.063 0.991 0.071 7.468 0.971 R
Y550 8.178 0.011 0.830 7.424 0.001 0.997 0.153 0.853 0.887 R
Y700 53.807 0.002 0.970 53.763 2.150E-5 0.963 0.140 0.085 0.966 R
2.3 EWRRMNEMRRERWMIERE 2R R ) SR BRI O T LA AR VR B I

K5 730t T A TERI AR W BE TR, H700 1 Y700 5 520 A ) i 1) R Tk 400 T e 32 vy, 0 0 O
ol BRI RE U R LE W B, (E I BRI B2 30 C PR iR,



5 2 1]

B, A AR OO SR A A LTS e B B E S LB - 81 -

A=W BT e R R T OR S i I B OE R
LangmuirLZIJ . Freundlich'? \Sipsu” F Toth > B0 3
AL Langmuir A58 5= BN Ay W5 R 70) 25 1 R o o
BI5) oA W B A 32 g B0 JR R ; Freundlich
RO 3 1) Ry A 24 59 1A R 9 I B 5 Sips AU FT Toth
AL = 2R 2 ] TR AR A1 & i
By 7 BT

Toth B

g.=qubp./ [1+ (bp) 17, (8)

S p, SP3BT 5 R - g/ ) IR

RSP S B R B (mg/m® ) L g, (me/g) T FRE

AR &, 7 Langmuic WHRERE A T 0 53315
TSRO s i ¢ B R H TR RS

TR D | 4 TR AR R 7 R

. ‘H‘}:FU A N N ~
Langmuir 714 2 (RSMD) T HE— 430> | H
G * by p. )1 172
Wk ) 3) RSMD = [1/n 3 (g =4,)°] 7. (9)
Lt pe
. - R >, . N ,3‘—;/ 74 /\»I /\ l '_‘IS‘—;' “I'II /F‘
Freundlich A7 K en NEREAR AL, q.,, 1 g, 7RI HR AT
; EANEE T A,
=A - n 6 N -~ N
- g =Ape (6) AR R B R 0L A S5 5 L 4T LA X
Sl S ;.: y TN N
ps s ( TRV g 2 B B 455 4 Toth A5 R | 8¢ BH LR B ol — 4
d S
S A (1) AEYSIRR MR
1+ (dp,)’
8 —
di ®H700
OH700 N
= Q_.-.- o0
8| JaVaYar a-atstarers. a0 L
B6h oo TTee" £
< i
] =
= 4t X4
= - - --Langmuir L L e Langmuir
& [ 4 Freundlich 2 ® [Freundlich
g O Toth # O Toth
Rt —Sips B2F Sips
0 100 200 300 400 500 0 50 100 150 200 250 300
W BRI e /(3,48 mg - m”) SZ PR NS 3 BE /(411 mg-m ™)
(o) % (b)
127 401
T 10 B
o0 w0
£ &
= 8 =
e I
= =24}
= or . = .
<=1:[ - - -- Langmuir o - -~ -Langmuir
= @® Freundlich =2 @ [reundlich
;g 4r O Toth ;ﬁ. 16 1 O Toth
Sips m Sips
2 : : : . . . . . | | L
0 100 200 300 400 500 0 50 100 150 200 250 300
W BRI 1 /(348 mg e m™) W BFH R JESCHRE/(4.11 mg-m”™)
(c) A (d) FI
BES H700 7 Y700 4 ) Bk S im U b h £
Fig.5 Adsorption isotherms of benzene and toluene on H700 and Y700 biochars
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Tab.4  Adsorption isotherm parameters of benzene and toluene on biochars
Langmuir &% Freundlich %7 Sips # 71 Toth &7
. 4
R I/ '~
/i3 k. R* RSMD 4 n R* RSMD d s R?> RSMD b t R? RSMD
(mg-g™") (mg-g™") (mg-g™")
H700 8.638 0.007 0.931 0.415 0.474 2.307 0.835 0.592 6.493 0.012 0.467 0.988 2.056 6.450 0.006 2.967 0.964 0.240
*
Y700 14.684 0.005 0.997 0.132 0.572 2.093 0.986 0.284 17.329 0.004 1.176 0.998 0.803 18.985 0.006 0.700 0.998 0.116
i H700 35.434 0.001 0.961 0.415 0.053 1.129 0.951 0.573 10.031 0.006 0.509 0.987 2.057 7.766 0.004 14.409 0.984 0.345
R
Y700 53.469 0.007 0.994 0.684 2.220 2.021 0.982 1.215 58.966 0.006 1.099 0.993 1.941 61.731 0.007 0.818 0.993 0.680
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Tab.5 Comparison of maximum adsorption capacity of benzene

and toluene on different porous carbons

W KW/ (mg - g7") N

ZALE AL R/ p o ik

A TR A 9 1 A 30 90.82 98.34  [27]

ROl IR % (F-400) 30 151.82  166.27  [27]

BURLIEPE R (GAC) 25 217.32  221.13 [28]

BN A FRL(CNTs) 25 3446  71.27  [28]

TR O I 1 2 30 212.77  238.10  [29]
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Fig.6  Test of the intraparticle diffusion kinetic model
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Tab.6 Kinetic data obtained by the intraparticle diffusion model
H—BrBe BB BB
AW ¢ - - - R 5T
ki Ry®  WMTRE/ % ko Ro® WM % ks Ry® WM DT/ %

H400 0.018 0.936 92.85 0.003 0.987 7.15 — — — S
H550 0.019 0.956 80.77 0.005 0.971 19.23 — — — w
H700 0.150 0.999 19.57 0.176 0.989 72.48 0.049 0.870 7.95 EN
Y400 0.021 0.989 91.67 0.002 0.670 8.33 — — — oK
Y550 0.046 0.918 56.16 0.083 0.989 43.84 — — — #
Y700 0.072 0.873 10.38 0.264 0.980 86.14 0.058 0.991 3.48 ES
H400 0.014 0.961 94.82 0.002 0.726 5.18 — — — R
H550 0.024 0.989 89.01 0.009 0.759 10.99 — — — UES
H700 0.402 0.973 34.83 0.735 0.989 59.10 0.083 0.752 6.07 HR
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