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Abstract To achieve the resource utilization of the waste residue from the extraction of Artemisia argyi
essential oil, the residue and its phosphoric acid-modified derivative were used as precursors to prepare bio-
char (WBC) and modified biochar (WAC) at different carbonization temperatures in this study. The ad-
sorption performance of both kinds of samples towards three organic small molecules (methyl orange

(MO), Rhodamine B (RhB), and tetracycline hydrochloride (TC)) was systematically investigated, and
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corresponding processes were analyzed using three kinetic models. It was indicated that phosphoric acid ac-
tivation significantly improved the porosity. The samples WAC exhibited more wrinkles and holes on the
surface than the samples WBC, with the sample WAC800 having the largest specific surface area of 667
m®/g among all candidates. Correspondingly, the adsorption performance of samples WAC was superior to
that of WBC, with the equilibrium adsorption capacities of sample WAC800 for MO, RhB, and TC being
40.1, 19.1, and 38. 7 mg/g, respectively. The corresponding adsorptions of three organic molecules fol-
lowed a quasi-second-order kinetic model, revealing that the adsorption processes were chemical adsorp-
tion, primarily driven by the surface complexation induced by hydrogen bonding and electrostatic w-m in-
teraction between the adsorbents and target adsorbates.

Keywords Artemisia argyi biochar; modified biochar; adsorption; adsorption kinetics
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Fig.2 XRD patterns and Raman spectrum of samples
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Fig. 5 N, adsorption-desorption curves and pore size distributions of samples
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£ 2 #5 WBC#1 WAC Bt MO Mizh hE 55
Tab.2 The parameters of Kinetic to removing MO on WBC and WAC

Pseudo-first order Pseudo-second order Intraparticle-diffusion
Sample q./ ky/ . q./ k,/(g+mg ! . k,/(mgeg" c/ .
(mge+g D min ! (mge+g b e min 1) emin *%)  (mgeg "
WBC500 2.392 0.023 0. 885 3. 095 0. 007 0.917 0.176 0. 236 0. 956
WAC500 13. 376 0. 044 0. 915 16. 507 0. 003 0. 986 0. 823 4. 375 0.995
WBC600 11. 335 0. 024 0. 973 14, 213 0. 002 0. 989 0. 843 1. 082 0. 983
WAC600 28.491 0. 054 0. 941 33.910 0. 002 0. 995 1.577 11. 607 0.974
WBC700 11. 599 0. 030 0.916 14. 745 0. 002 0. 969 0. 811 2.193 0. 998
WAC700 37. 263 0.078 0.975 40. 866 0.003 1. 000 1. 499 21. 563 0. 844
WBC800 18. 713 0. 042 0. 980 21.758 0. 002 0. 999 1. 152 5. 857 0. 906
WAC800 39. 377 0.199 0. 999 40. 096 0.021 1. 000 0. 420 35. 207 0.520

%3 5 WBC F1 WAC IR Ff RhB B93h hZES#
Tab.3 The parameters of kinetic to removing RhB on WBC and WAC

Pseudo-first order Pseudo-second order Intraparticle-diffusion
Sample q./ ky/ X q./ ky/(g+ mg ! X k,/(mg+g ! c/ X
(mg+g min! (mgeg H  +min cmin *%)  (mgeg D

WBC500 4.010 0. 038 0. 924 4. 992 0. 041 0. 984 0.261 1. 092 0. 996
WAC500 13. 545 0. 050 0. 941 16. 210 0.022 0. 995 0.776 5. 167 0.975
WBC600 5. 765 0. 062 0. 957 6. 768 0. 059 0. 996 0. 296 2. 640 0. 948
WAC600 17. 745 0. 088 0. 978 19. 354 0. 107 1. 000 0.652 10. 999 0. 835
WBC700 9.511 0.120 0.992 9.974 0. 254 1. 000 0. 237 7.100 0. 689
WAC700 18. 173 0. 085 0. 985 19. 558 0. 087 1. 000 0. 664 11. 229 0.779
WBC800 9. 697 0. 155 0. 998 9. 919 0. 253 1. 000 0. 155 8. 119 0.512
WAC800 18. 901 0.211 1. 000 19. 084 0. 219 1. 000 0. 156 17. 314 0. 353

£ 4 H&H WBC 1 WAC Bt TC HIZh h S #
Tab. 4 The parameters of kinetic to removing TC on WBC and WAC

Pseudo-first order Pseudo-second order Intraparticle-diffusion
Sample q./ ky/ R q./ ky/(g+mg ! Rt /ep/(mg'g7l c/ R
(mg+g™ ") min ! (mg+g D s min~ ") cmin ") (mgeg D
WBC500 4. 544 0.073 0. 950 5. 344 0.013 0. 996 0.221 2.322 0. 952
WAC500 5.391 0.123 0. 955 6.122 0.018 0.993 0.173 3.728 0. 919
WBC600 7.984 0. 055 0. 951 9. 582 0. 006 0. 996 0. 455 3.253 0.951
WAC600 8. 328 0. 082 0. 949 9. 599 0. 009 0. 998 0. 370 4. 638 0.939
WBC700 17. 242 0. 059 0. 984 19. 040 0. 005 0. 998 0.873 8. 047 0. 798
WAC700 25. 855 0. 047 0. 948 31.095 0. 002 0. 996 1. 549 9.414 0. 958
WBC800 18. 403 0. 074 0. 989 19. 873 0. 006 0. 999 0.779 10. 330 0. 741

WAC800 33. 488 0. 041 0. 983 38. 685 0. 001 0.998 2.097 10. 618 0. 866
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Tab.5 The comparison of adsorption performance and relevant parameters of this work with relevant literatures

Sper/ Pore volume/ q.(mg/g) Dosage/  Concentration/
W% B 551 . Contact time  Ref.
(m>eg ) (em®eg™ MO RhB TC (gL  (mg+L™D
WG A
352 0.18 12.8 10. 0 1.0 100 60 min
(HCI %4k
[25]
oG R
i 352 0.18 10.5 8.7 1.0 100 60 min
(NaOH 3% 16)
[ 1% A e 7.703 0. 002 25. 98 2.0 20 12 h [26]
FE A Y o 21. 69 0. 054 14,185 3.0 100 60 min [27]
HORH A YR 46. 56 11.9 1.4 10 4 h [28]
2255 WU A= ) e 1. 50 23.39 0.7 17.5 60 min [29]
Tei5e A=W me 115. 59 31.63 0.2 50 240 min [30]

30 min (MO, RhB), This
120 min (TC)  work

SCRE L Wy 667 0.121 40. 1 19.1 38.7 1.0 20

3 ik

ARSCLASE wOAT i SR IS s 0 JEORL » 2 AN [ Bk A A8 ik 2 it il 45 A 0 o A e WIBC B AR % A sk 2 Wy
FOBE WAC. 73T ARSI DR AL IR 2 R T 1 b i RRURIAL A AR L A B ise A1 T 138 T i T8 7
Ko Hrbo kel WAC800 X MO RhB.TC [ 75 it fre 0 » Hegh g 2 e 82 s i v — AR L Ik S A 2
WA A R B S WL o 2 A I S e i 1 v (LA P B K A BRI ey B 2 (0 e A 5 B AR B 1207 0 R
HEFIRIAT B8 A2

Z % X Wk
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