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Adsorption Performance and Mechanlsm of Oxytetracycflne in Va’ater by KO'HEqui_sfjed

Biochar Derived from Corn' Sh'aWI S .V V) "’
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Absﬁ‘hct }'he pollution (’onnol of tetracycline antibiofics in Lhe emnopment has bceon}@.a hot topic, and bm(’har adsorption has becom@é#an important technology to remove organic
pollut;!m% Pmlyllq Blochars ( B€400 BC500, and BC6OQI,) were pr@‘pared'frowraw and then were modified by KOH to obtain KBC400, KBC500, and KBC600. Among
then, KBC_400 was qelected for secondary pyrolysis activation at 400-600°C to obtain AKBC400, AKBC500, and AKBC600. The structure characteristics and surface properties of
AKBC whg,:re also characterized. The adsorption kinetics and thermodynamic characteristics of oxytetracycline hydrochloride (OTC) in the solution by AKBC were investigated using
batch ex.p.eriments‘ Compared to that of BC400, the specific surface area and pore structure of AKBC were significantly improved, and the aromaticity was also enhanced, resulting in
the notable enhancement of the adsorption capacities for OTC. The pseudo-second-order kinetics model could better fit the adsorption process, and AKBCS500 had the largest
adsorption rate constant and capacity. Both the intraparticle diffusion and film diffusion were the rate-limiting steps. The Langmuir, Freundlich, and Temkin models could fit the
adsorption isotherms perfectly. The adsorption of OTC on AKBC was a spontaneous, endothermic, and entropy-increasing process by hoth physisorption and chemisorption. The pH
values in the range of 3.0-7. 0 were favorable for the adsorption of OTC by AKBC. The adsorption capacity decreased with the humic acid concentration over 10 mg+L". The
adsorption mechanism of OTC by AKBC involved pore filling, hydrogen bonding, m— conjugation, cation—r bond, and strong electrostatic effect. AKBC still had good reusability
for OTC removal after five times of regeneration. The obtained AKBC is a potential adsorbent for OTC removal from water due to the good pore structure,, high adsorption capacity, and
stable adsorption effect.

Key words: corn straw biochar; potassium hydroxide modification; pyrolysis activation; oxytetracycline hydrochloride (OTC); adsorption
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Fig. 1 Adsorption performance of OTC by biochars
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Table 1 ~ Surface properties of biochars

R A BYm® g™ BALE R em’ ¢! WAL B em® - ! V4L mm

BC400 13.58 0.0395 0.0347 10.46

BC500 11.23 0.035 4 0.0309 12.43

BC600 8.978 0.0313 0.026 3 15.30
KBC400 37.20 0.062 4 0.054 7 6.717
KBC500 30.13 0.056 0 0.049 1 7.438
KBC600 24.48 0.053 1 0.046 3 8.679
AKBC400 385.7 0.2455 0.217 8 2.242
AKBC500 510.2 0.327 6 0.2887 2.050
AKBC600 312.7 0.197 3 0.172 8 2.523

(a) BC400

5 um 30 um

- : | | — . -
iy Vg | \F L iaﬁ‘;j:;mé
P | o p—
r .":'l._- i Fig.2 'S images of BC400 and AKBC
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Fig. 3 N, adsorption-desorption isotherm curves of BC400 and AKBC
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Fig. 5 FT-IR spectra of BC400 and AKBC
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Table 2 Element analysis of BC400 and AKBC

- l% S

C H N 0 (0+NJC 0/C  H/C
BC400 5497 312 224 3967 0762 _ 0472 0057
AKBCA00 6136 2.64] 189 3411 00587 ;_,.556 10043
AKBCS00 6517 238 181 30.64 04987 04700.037
AKBC600 72';‘58?" 187 1,64 2391 0352 03gp-a0 026

I i l." | " gr'"
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Fig. 6 Adsorption kinetics of OTC on BC400 and AKBC
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Table 4  Intra-particle and film diffusion kinetic parameters
R A O AL JR A A

W) - 3 ) B 2 2

Apl R l‘pz R, kp3 R ky Ry
BC400 3.713 0.984 3 1.196 0.980 3 0.164 5 09137 0.023 2 0.848 2
AKBC400 15.35 0.993 2 11.67 0.9813 1.484 0.908 0 0.022'5 0.978 2
AKBC500 16.68 0.994 4 12.43 0.9999 2.263 0.923 6 0.0199 0.972 4
AKBC600 12.58 0.995 6 9.364 0.996 3 2.116 0917 8 0.017 6 0.976 5

1 )k|)$'fﬁ . mg'g" . minil/z; kF$'ffL . mgl—( 1n), g—l . Ll/n
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Table 5 Isotherm equation parameters of OTC on BC400 and AKBC

T Langmuir 5 % Freundlich 57 Temkin 5 )
EX7P/ K > 2 2
K, Q.. R, K, n R, K, b R,
288 0.010 1 24.61 0.988 0 1.083 1.936 0.992°5 0.069 6 412.6 0.996 2
400 298 0.0119 30.42 0.987 6 2.077 2.262 0.991 1 0.102 8 345.4 0.992 8
B

308 0.0132 34.92 0.984 1 2.693 2.352 0.9923 0.1152 312.8 0.998 1
318 0.0159 36.12 0.989 6 4.052 2.707 0.987 2 0.169 7 324.0 0.996 5
288 0.033 1 120.1 0.979 5 17.46 2.470 0.983 7 0.8354 100.9 0.999 0
298 0.052 5 138.4 0.970 5 24.30 2.759 0.986 5 0.6422 87.45 0.994 3

AKBC400
308 0.064 6 149.1 0.987 6 28.42 2.972 0.986 8 0.814 5 85.04 0.9953
318 0.089 1 153.2 0.986 6 35.72 3.288 0.992 3 1.2497 89.95 0.990 8
288 0.036 4 163.9 0.9715 19.28 2.275 0.9875 0.568 5 70.71 0.985 1
298 0.056 7 181.6 0977 1 24.91 2.488 0.991 3 0.549 1 65.07 0.986 5

AKBC500
308 0.0710 188.5 0.974 0 30.67 2.523 0.992°5 0.763 2 62.83 0.985 2
318 0.110 7 192.1 0.983 3 40.95 2.790 0.982 8 1.203 4 64.45 0.996 9
288 0.031 3 108.2 0.983 7 14.11 2.657 0.998 4 0.3579 104.7 0.969 5
298 0.052 4 113.4 0.978 1 21.72 3.137 0.991 6 0.680 1 109.1 0.990 9

AKBC600
308 0.066 2 124.7 0.980 9 26.35 3.236 0.990 8 0.940 9 105.8 0.989 4
318 0.081 5 132.1 0.986 2 30.44 3.339 0.991 8 1.242 4 1057 f.-"l-ém.99._l_“2

. T
¥ ]
i f A

SR SURRB T R GO K BT, LT R T R 7 "Jﬂzﬁl\
Langmuir J5 P& % K (L mg™). » AKBC400. AKBCSOQ HAKBC600 19 AGATHIRT

114 6 A0 A KT O, BT B ke mol”, BT AKBERTOTC mwwkmﬁém«z?m
AR AGHE/NT 0, uﬁEﬂ% BC4(miu AKBC. Mﬂ’ﬁﬁﬁ“”” As%ﬁﬁ{a B OTC W RFE) B—C4OO il
XT OTG EI’J“&M‘JE A f%zE’J R H AG“[E Bﬁf)ﬁ; §7-  AKBC L&Eﬁ.»{ﬁﬁﬁfﬁ%‘»mﬁ FI H R i*j(“ﬂ c‘.«{

{7 | ®6ERAFEDR OTC BB A5 | =g
.-‘P ' “ﬁ‘:.‘ Table 6 Thermodynam],@?arametels of OTC on B(A@ and AKBCh s Y ‘
RN . AH |1y 8! T AGUKT ol 4
- ﬁi%m & /kJ-mol | Kl f gt q': 288K A 298K 308K 318K
M Beaoo P [T .-_.9'3.44‘_9 _.‘._-'__',.-'.'60 ~16.53 Z17.47 ~18.40
AKBC4OU ] 24.23 "65.2 = 334 -24.99 -26.64 -28.30
AKBCSOO 27.10 175.7 -23.50 -25.25 -27.01 -28.77
AKBC600 23.76 163.4 -23.30 -24.93 -26.56 -28.20
2.5 pHR N —COOH 55 5& A1 & A= 2 Bt A7 A7 T iy, 79 25 (1)

VTR pH 50 A ) e 14 2 TR AT, T DR 5 WG B R TEAE B30 () e T 111, AT 580 AKBC X OTC A W%
B R R R 7 R e R R R B EAE Y. OTC BRFAE FH K 553, W2 FF /)
H A —OH Fl—NH, %5 ¢ 1 3L H1, 34> pK, {85 5 51

3.27. 7.32 R 9. 11 76 A A pH i Bl L 4% ) 1A 0

OTC' (pH < 3.27) . Wi ¥ B 7 OTC(3.27 < pH < ol

7.32) . OTC (7.32<pH <9.11) % OTC*(pH =9. 11)

B R AFAE. R [R] pH XF AKBC Bt OTC (1) 5 i) 4n T, wof

P9 7% . Fh P O FT 1, 24 pH {f g 3. 0B , AKBC 91 £ :
B BEAIG L BF OR OTC B BLOTC IS TR @f —e-powo
AEAE AR TR B0 47 T 24 pH i 3. 03 fin %8 4~ AKBCS0
4.0 ~ 7. OWF, AKBC XF OTC f 1% B 1 3 i, o = o —
PLrp M43 OTCOIE s AF 7E , o 5 AKBC [8] 19 # L 5 | oL . . . .

F1EF I AE BN A R OTC B W BE 25 Bk . 1Y . i 6pH ¢ 1 &
pH 4k ZEE N ZE 9.0 ~ 11. 0 i, OTC 3% Wi A B3 1L 11 55
TFIEE W OTC H OTCE, it I A= ¥y ik 2% TR 1Y)

E9 pHXt AKBC It OTC #&0E
OH # Fig. 9 Effect of pH on adsorption of OTC by AKBC
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Fig. 10 Effect of humic acid on adsorption of OTC by AKBC
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Fig. 11 TImagined interactions between AKBC and OTC
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