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Studies of Dynamic Adsorption Behavior of VOCs on Biochar Modified by

Ultraviolet Irradiation

LI Qiao'*, YONG Yi* ,DING Wen-chuan' ,HOU Jiang’ , GAO Yu-tao’ ,ZENG Xiao-lan'

(1. Key Laboratory of Three Gorges Reservoir Area’s Ecology and Environment, Ministry of Education, Faculty of Urban Construction
and Environmental Engineering, Chongging University, Chongqing 400045, China; 2. Sichuan Academy of Environmental Sciences,
Chengdu 610041, China)

Abstract: Coconut shell based biochar was modified by ultraviolet irradiation with UV light at a wavelength of 365 nm in order to
enhance the adsorption capacity for volatile organic compounds ( VOCs). The breakthrough curves of biochars for adsorbing two typical
VOCs ( benzene and toluene) were examined. The results showed that the adsorption capacity of modified biochar was greatly
increased. The saturation adsorption capacity of modified biochar for benzene and toluene was increased to 122. 80 mg-g ™" and 236. 36

"and 7.98 mg-g~", respectively). The breakthrough time of modified

mg-g”~"', comparing to that of the pristine biochar (7.27 mg-g~
biochar for benzene and toluene (390 min and 620 min) was also drastically prolonged as compared to the raw biochar (1 min and
2 min). The characterization analysis of biochars suggested that the carboxylic groups and external surface area were largely enriched,
which might be the main factor responsible for the enhanced adsorption of the two VOCs on the modified biochar. The processes of
adsorbing benzene and toluene at different concentrations on modified biochar were fitted by Yoon-Nelson, Thomas and BDST models.
The result demonstrated that these three models could provide good fitting and the correlation coefficients were all above 0. 992. The
TG-DTG result proved that ultraviolet irradiation had little effect on the thermal stability of biochar. The modified biochar after
adsorption saturation could be reused after thermal regeneration and the regenerated char also had high adsorption capacity after five
times of repeated utilization.

Key words ; ultraviolet irradiation; biochar; volatile organic compounds( VOCs) ; adsorption; models; regeneration
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Fig. 1 A schematic representation of adsorption apparatus
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Table 1 ~ Performance parameters of biochars

mH HERESHL Y700 M-Y700
BET R M/ m?-g~! 448. 62 639. 59
AR ET A/ /m? g ! 1.27 6. 46
FLBR S5 AL AL AR em? g ! 0.19 0.28
A LA em® g ! 0.02 0.03
SEHFLAE/nm 1. 66 1.73
ik 0.15 0.59
P i 0.09 0.14
TR B e 5/ mmol - g 7! :
& PR REHT 7t /ol - P 2 0.04 0.31
R 0.28 1.04
0/% 8.32 25.07
C/% 85. 46 70. 01
TERUR BT LI 7% 2.22 2.40
N/% 0.18 0.03
n(0)/n(C) 0.07 0.27
n(H)/n(C) 0.31 0.41
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po/ Mg m Q/mL+min ! m/g kyx/min 7/min /min
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20110 300 3.18 0.1147 165 165 0.9975
3080 300 3.18 0.0142 829 829 0.996 1
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Table 3 Fitting parameters of Thomas model at different concentrations of benzene and toluene
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Thomas & 2%k q (2 E)

B po/mg+m 3 Q/mL-min ~ m/g kg, X 10 7%/m3 + (min-mg) ~! qo/mg-g " /mg-g ! K
2785 300 3.18 8.576 127.09 122. 80 0.9926
S 10 450 300 3.18 7. 694 238.74 231.85 0.9989
20110 300 3.18 5.705 313.96 313.71 0.997 5
3080 300 3.18 4.597 240.92 236.36 0.996 1
UES 5545 300 3.18 4.309 252.95 255.76 0.9926
9035 300 3.18 4.262 307.90 302. 86 0.998 4
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PR ZEFEAAE 2% VAN, U] Thomas M B A5 1Y 1 fE
AR S T A 40 J XoF 2R T ER 2R 1 Bl 2 I o

2.4.3 BDST BRI G4

BDST 75 = %5 FH R i s M o6 A sy 13 55 W% B 551
W 25 15 22 ) 5 2, HoARR R 8 X R 7
No 1 (b
PoVZ kBpol (; - 1) 4)

O, by AR R A, m’ - (min-mg) 7' V Rk
Ao, TN, N B K WM A R
mgem > ; Z W A A SRR A em. BN
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Table 4  Fitting parameters of DBST model at different concentrations of benzene and toluene
BIIR A BDST #1454
W B 5 3 .”_1 6, 3 - 71H 8 3 R
po/mgm V/cm+min m/g Z/cm ky x107°/m’ + (min*mg) N, x10°/mg-m
2785 169.9 3.18 5 8.576 0.46 0.9926
S 10 450 169.9 3.18 5 7.6%4 0.76 0.9989
20110 169.9 3.18 5 5.705 1.13 0.9975
3080 169.9 3.18 5 4.597 0.87 0.996 1
R 5545 169.9 3.18 5 4.309 0.91 0.9926
9035 169.9 3.18 5 4.262 1.11 0.998 4
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Fig. 5 TG curves of modified biochars minus

unmodified biochars’data
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Fig. 6 TG-DTG curves of toluene on modified biochars
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