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Adsorption of tetracycline in water by peony pod—based porous carbon material

HE Hongzhu"*?*, WANG Xinyi"*?, WEI Xiao"**, WANG Fengjie">”, LIU Xinni"**, YANG Yuyu"*?, LUO Sha"*?, llhem Kerboua"*?
(1.School of Water and Environment, Chang’an University, Xi’an 710054, China; 2.Key Laboratory of Subsurface Hydrology and Ecological
Effect in Arid Region of the Ministry of Education, Xi’an 710054, China; 3.Key Laboratory of Eco—hydrology and Water Security in Arid and
Semi—arid Regions of Ministry of Water Resources, Xi’an 710054, China)

Abstract: To solve the problem of environmental pollution and resource waste caused by the incineration of peony pod waste, the possible
transformation of this biomass to usable porous carbon was assessed. In this study, waste peony pods were the carbon source and KHCO3
the activator in a one—step activation process at 800 °C, with an initial pod—to—activator mass ratio of 1:3. The resulting pore—based carbon
material had a well-developed pore structure, suitable for absorbing tetracycline in water. By adjusting the activation temperature and the
mass ratio of peony pod to KHCO3, the optimal product PC~800-3 had a specific surface area 60 times higher than that of peony pod porous
(PC) obtained by direct pyrolysis, and the maximum adsorption capacity for 100 mg« L™ TC solution at 298 K was 394.3 mg-¢™'. The PC
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and PC—-800-3 were characterized by specific surface area and pore size analysis, scanning electron microscopy, Fourier transform infrared

spectroscopy, and X-ray diffraction. The results showed that the addition of activator promoted the formation of micropores and mesopores

in the carbon material. PC-800-3 was selected for subsequent adsorption experiments. The fitting results of adsorption isotherm and

adsorption kinetics showed that the adsorption process conformed to the Langmuir isotherm model and pseudo—second—order kinetics

model. Thermodynamic experiments confirmed that the adsorption was a spontaneous endothermic process, mainly involving physical

adsorption in the monolayer, with electrostatic interaction. The prepared PC—800-3 material exhibited good adsorption performance over a

wide pH range and under ion interference. Regeneration experiments showed that PC—800-3 had good reusability. Therefore, converting

peony pods into porous carbon to prepare high—performance adsorbents appears to not only solve the problem of antibiotic pollution in

water, but also broaden the possible applications of this waste biomass.

Keywords : peony pod ; porous carbon ; tetracycline ; adsorption
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Figure 7 Effects of adsorbent dosage on adsorption
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Figure 8 Effects of pH and coexisting ions on adsorption of TC by PC-800-3
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Figure 9 Adsorption capacity and isotherm model of PC-800-3 for TC at different temperatures
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Table 1 Langmuir, Freundlich and Temkin isotherm model

parameters of PC—=800-3 for TC at different temperatures

i Model S Parameter 298 K 303 K 308 K
Langmuir Q./(mg") 5235602  581.3953  602.4096

KJ/(L+mg™") 0.042 1 0.046 5 0.057 5

R 0.996 1 0.995 6 0995 1
Freundlich Ky 392998  46.8607 57.619 4

1/n 0.561 2 0.5553 0.5309

R 0.947 0 0.9477 0.938 7

Temkin Ko 0.459 5 0.522 4 0.650 8

R 0.994 4 0.993 6 0.9927
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Figure 10 Fitting model of adsorption kinetics of TC with different concentrations on PC-800-3
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3R 2 PC-800-3 WL TC MBI N E S H
Table 2 Kinetic parameters for TC adsorption onto PC-800-3

L —2 5l J12# Presudo—first—order

24 5l 112 Presudo—second—order

Co/(mg-L™) Qere/(mg-g™) Q./(mg-g™) K, x10*/min R Q./(mg-g™) K>x10/min R
10 38.01 15.486 6 1.162 0.985 4 38.624 9 24.1052 0.999 7
30 59.55 452562 0.149 0.870 6 60.277 2 13.324 4 0.999 5
50 178.79 155.1915 1.197 0.928 4 185.873 6 22186 0.998 5
80 297.32 197.320 6 1.395 0.929 6 289.855 0 2489 1 0999 4
100 329.48 329.484 7 1.329 0.8572 395.256 9 1.398 8 0.999 3

Rt S A 0 & HOE [ g x5 Langmuir LR LR L
RIZEE—3, BAN, AH>0 U8 B W B A o W a7
X 58 S —8 . AS>0 Fn W i AR [ i
FESE N
2.6 BEMBEMN

R T #5528 PC-800-3 A HE IR R A= Mk RE , R 4=
SIS T FLHEAT T 4 U B A B4, 25 SR &l 11
/R H1 R A PC-800-3 XiF TC 1) W {75 4 I 364.7
mg - g FEMEE] 229.7 mg- ¢!, F L) 37%, 55 4 T
XFTC HA — & B2 BRAE T, B PC-800-3 1Y F-AE 14
AE R AT
2.7 % FLER R B 7 AR B TC B SR B

TG A= 1) T3 2 55 0 4 22 FLA 3 A TR AEAE A

3R 3 PC-800-3 W M TC HYRAL A 3 BEAR L S 4
Table 3 Intra—particle diffusion model parameters of
PC-800-3 adsorbing TC

Py Co/(mg-L7")
Parameter 10 30 50 80 100

R 09252 08125 08813 08980 09810
C/(mg-1") 159632 27.2097 50.5539 134.1053 178.017 8
Ky/(gemg'+min™) 22205 23817 99314 115148 155485

R 09942 09291 09867 09853 0.9863
C/(mg-L7") 164445 31.819 41.6160 147.2327 203.906 3
Ko/(g-mg'-min™) 1.8020 2.0800 9.1339 95025 10.4899
R 0.7982 0.8041 0.8126 0.7489 0.8416
Ci/(mg-L™")  35.1398 36.147 7 139.399 7 245.204 5 308.019 9
Ky/(gemg'-min™) 0.1179 1.1429 1.6920 1.6690 3.2737

4 PC-800-3 Ikt TC I HFESH

Table 4 Thermodynamics parameters for TC adsorption of

PC-800-3
T/K AG/(kJ-mol™)  AH/(kJ-mol")  AS/(kJ-mol'-K™")
293 -4.048 9 25.958 6 0.102 4
298 -4.5610
303 -5.073 1
308 -5.5852
312 -5.994 8
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Figure 11 Regeneration performance of PC-800-3
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Table 5 Current research status of traditional porous carbon adsorbents
J5064 %} Raw material il % J577: Preparation method W %5 41k Adsorption capacity/(mg-g™) 5% 30k Reference
BT rT i 1d ZnCLTE 800 CF &R itk 123.6 [29]
JHERS T FI A NaOH 7E 800 °C R il i 1k 274.8 [30]
NEEER I F KOH 7£ 800 °CF B iR ik 1k 210.2 [31]
25 A NaOH S 1 £k 770 FH TR i il 4 379.8 [32]
PR VL KHCOs i A I7E 800 “Ciriifil T il 1k 394.3 ERIE

FT-IR 5 XPS 434 A A1, PC-800-3 FP A7 7E Kim % 4. .
TRE R, XRS5 TC oA T4 6T
A TCH T L 0 WA S L TR,
HL 2 1K 5 PC-800-3 R 1H 1Y m HLF AR 7 A -
wEDAAHEAEA . HeAh AR LA B - T 5 5%
TRRAERIMEWT , TC 2T 5 PC-800-3 Z [AIfFE— RE )
B A HE AR . 7E PC—800-3 W it TC 43 7 19 3 2
o, FEAAAE L FLIEE  m-wEDA SR KA .

3 it

(DA 2 AR AT FA AR
GV E T I LAwR e S 5L 3] RN 1B ZS W8 SRS SERT
I KHCOs 38 3 — 20k [F] 25 52 31 2 L bR i 5
AL, il & A B R TR (1.066.88 m? - ¢7') H AL
B b = & i PHR L AL L . WFSRIE ST
il 25 119 Z2 F LA AL X K e DU PR 28 A W B RE AR 52, L
A AT TR TR B R AL SR IR . A R SR A
JE Ak 2 22 FLARO K Hh DU AR ZR R T B, NSO I
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®o
®N
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Figure 12 Adsorption mechanism of TC in water by peony

pod—based porous carbon materials

P 1%) WHARTY

Fi A o B R S PR 9 R IR B (] B A o
K H DU ER Y5 e ), TR B LUEIRTE I H 1 .

(2) 3 o 42 0 TR T 5 T AR B 3], 75 defE
TG A5 800 °C, 4 FHAR 32 5 KHCOs 1 Jit i L oy
1:3, K15 1 fie 7= ) PC—-800-3 W Bf 75 1Ry i 364.7
mg- g o X SLIGEE 1Y 4 BT 2 B, PC-800-3 Xif PU 34
RN AT A Langmuir S8R 2 R — 8l 1 2
R, HE T A &Gt . PC-800-3 RIH B
U BT PR AR S5 5T T 4 RIE A A SR R A
BT R B2

(3)PC-800-3 X U 34 2= 1t W [T AT B 3 30 A LA W)
BRI B4 32, LA m—wEDA 1EF | i i AH AR A
VEFT B Al 27 W B R 4 o SO0 TE S PR SE K 55 Al
DL B B A S 1 2 AL A Ak, X 7K v g B
FHAT B AW BRI

S 3k

[1] Fhokie, BRAESE, 470510, 55 . 5h B E A Wy 5 oxT DUBH 2R 4 I
PERERFZE[)]. Al R BE Rl 244, 2023, 42(7) 1 1585-1596.  LIN B
F, CHEN Z H, YANG F L, et al. Adsorption performance of tetracy-
cline by manganese ferrite—modified biochar{J]. Journal of Agro—Envi-
ronment Science, 2023, 42(7) : 1585-1596.

[2] B DB, AR A FLAR & BT A 0 e (0 ) 9 B % DO R 3R Ay i
AL T, PR32, 2023, 44(3) : 1519-1527. ZENG S Y, LIK Q.
Preparation of narrow pore diameter phosphorus containing cotton stalk
carbon and its adsorption mechanism for tetracyclinelJ]. Environmental
Science, 2023, 44(3) :1519-1527.

BTGz, TR A, Ol L3 b PUER 3R H A 575 Y IR K&
HIRBEFEE ()], ARG E R, 2018, 27(9) : 1774-1782.  ZENG
Q Y, DING D, TAN X. Pollution status and sources of tetracycline anti-
biotics in agricultural soil in China: a review|[]]. Ecology and Environ-
mental Sciences, 2018, 27(9) :1774-1782.

[4] LEICHTWEIS J, VIEIRA Y, WELTER N, et al. A review of the occur-
rence, disposal, determination, toxicity and remediation technologies of
the tetracycline antibiotic|J]. Process Safety and Environmental Protec-
tion, 2022, 160:25-40.

[5] CALCIO E, CANOVA E, LIU P, et al. Degradation of antibiotics in
wastewater: new advances in cavitational treatments[]J]. Molecules,

2021, 26(3):617.



TTLUBK %6 AT PHIE I FLBR PRI K IR 22 0 b 1399

[6] FENG D, FENG L, ZHANG Y, et al. Advances in biotransformation
and degradation of tetracycline antibiotics during composting of pig ma-
nure[J]. Asian Journal of Ecotoxicology, 2020, 15(4) :45-55.

[71J1'Y, SHI Y, DONG W, et al. Thermo-activated persulfate oxidation
system for tetracycline antibiotics degradation in aqueous solution[J].
Chemical Engineering Journal, 2016, 298 :225-233.

[8] JAFARI A J, KAKAVANDI B, JAAFARZADEH N, et al. Fenton-like
catalytic oxidation of tetracycline by AC@Fe;0, as a heterogeneous per-
sulfate activator: adsorption and degradation studies[]J]. Journal of In-
dustrial and Engineering Chemistry, 2017, 45:323-333.

[9] LENG Y F, BAO J G, CHANG G F, et al. Biotransformation of tetracy-
cline by a novel bacterial strain Stenotrophomonas maltophilia DT1[]].
Journal of Hazardous Materials, 2016, 318:125-133.

[10] DAT Y, SUN Q, WANG W, et al. Utilizations of agricultural waste as
adsorbent for the removal of contaminants: a review[]]. Chemosphere,
2018, 211:235-253.

[11] PAN J, BAT X, LI Y, et al. HKUST-1 derived carbon adsorbents for
tetracycline removal with excellent adsorption performance[]]. Enwvi-
ronmental Research, 2022, 205:112425.

[12] XIANG Y J, XU Z Y, WEI Y Y, et al. Carbon—based materials as ad-
sorbent for antibiotics removal : mechanisms and influencing factors
[J]. Journal of Environmental Management, 2019, 237:128-138.

[13] MRtk A0S, HE, 5 0 bk A ki e 2L AL i it
M W A 70 R R (D). R T BR BERE 2, 2023, 43 (6) - 2853 -2863.
CHEN A X, LEI C J, TIAN Z, et al. Steel slag enhanced iron—nitrogen
porous carbon activated peroxymonosulfate to degrade tetracycline[]].
China Environmental Science, 2023, 43(6) :2853-2863.

[14]ZHU Y Y, CHEN M M, LI Q, et al. A porous biomass—derived anode
for high—perfor-mance sodiumion batteries|J]. Carbon, 2018, 129:
695-701.

[15] HOWANIEC N, SMOLINSKI A. Porous structure properties of andro-
pogon gerardi derived carbon materials[J]. Materials(Basel), 2018, 11
(6):876.

[16] ZHANG N, LIU Q, CHEN W L, et al. High capacity hard carbon de-
rived from lotus stem as anode for sodium ion batteries[]]. Journal of
Power Sources, 2018, 378:331-337.

[17] DAL J, MENG X, ZHANG Y, et al. Effects of modification and magne-
tization of rice straw derived biochar on adsorption of tetracycline
from water[J]. Bioresource Technology, 2020, 311:123455.

[18] WANG R Z, HUANG D L, LIU Y G, et al. Synergistic removal of cop-
per and tetracycline from aqueous solution by steam—activated bam-
boo—derived biochar{]]. Journal of Hazardous Materials, 2020, 384:
121470.

[19] SEVILLA M, FUERTES A B. A green approach to high—performance
supercapacitor electrodes: the chemical activation of hydrochar with
potassium bicarbonate[J]. Chemsuschem, 2016, 9(14) : 1880-1888.

[20] ADINATA D, DAUD W M A, WAROUA M K. Preparation and char-
acterization of activated carbon from palm shell by chemical activa-
tion with KoCOs[J]. Bioresource Technology, 2007, 98(1):145-149.

(210 JRAE, XA, sk A, 45 B o BALFHRHm B S IE  S5HTS].
B 2F B 2 4, 2020, 42(2) : 100-103. ZHOU T H, LIU Y M,

ZHANG L, et al. On progress and prospects of new resources of peony
seed oil[J]. Journal of Heze University, 2020, 42(2) : 100-103.

[22] LI J, XIONG X, LIU Y. Protective effect of paeoniflorin against optic
nerve crush[J]. Journal of Huazhong University of Science and Technol-
ogy—Medical Sciences, 2007, 27(6) :650-652.

[23] SKAEPE, 2515, IXLIVL, 55 AEFR R A b2 oy 23R AE T R I IR
I BT FEARILL). s A b BR 245, 2006, 5(5):295-297. ZHANG
J P, LI LZ ZHAO H J, et al. Overview of research on the chemical
components, pharmacological effects, and clinical applications of peo-
ny bark[J]. Journal of Traditional Chinese Medicine and Pharmacy,
2006, 5(5) :295-297.

[24] F BB, BURLE, XI5, 55 . W0 AL AP RIS R T 2 &
HHEARTEEPPART. #HIFST, 2015, 35(1):127-132.  WANG H
Z, LI Y Y, LIU W, et al. Optimizing polysaccharide extraction from
peony tree pod using response surface method and assessing its anti-
oxidative activity[J]. Bulletin of Botanical Research, 2015, 35 (1) :
127-132.

(251 JAJet o, R, SRR, 26 . o R 18T 35 0 2B PR S P B i
AT R IUT Z M BEE). AL BE 5T, 2014, 34(2) - 271-275.
ZHOU Q C, YAO H H, CHEN F L, et al. Optimization of microwave—
assisted extraction of paeoniflorin and paeonol from peony pod using
response surface methodology[J]. Bulletin of Botanical Research,
2014, 34(2) :271-275.

[26] YANG V, SENTHIL R A, PAN J, et al. Hierarchical porous carbon
derived from fruits as sustainable and ultrahigh capacitance material
for advanced supercapacitors[J]. Journal of Colloid and Interface Sci-
ence, 2020, 579:347-356.

[27) XA . BRI G A HLBE OB £ R 4 5 R AW B = Bk -5
WL D). K& HF MK 2%, 2023, LIU M J. The adsorptive perfor-
mance and application of Fe—based metal-organic gel towards chlor-
tetracycline hydrochloride[D]. Changchun: Jilin University, 2023.

[28] ZHANG W, CHEN J, HU Y, et al. Adsorption characteristics of tetra-
bromobisphenol A onto sodium bisulfite reduced graphene oxide aero-
gels[J]. Colloids and Surfaces a=Physicochemical and Engineering As-
pects, 2018, 538:781-788.

[29] MA C, HUANG H, GAO X, et al. Honeycomb tubular biochar from
fargesia leaves as an effective adsorbent for tetracyclines pollutants[J].
Journal of the Taiwan Institute of Chemical Engineers, 2018, 91:299-
308.

[30] JANG H M, YOO S, CHOI Y K, et al. Adsorption isotherm, kinetic
modeling and mechanism of tetracycline on Pinus taeda—derived acti-
vated biocharlJ]. Bioresource Technology, 2018, 259 :24-31.

[31] AHHMED M J, ISLAM M A, ASIF M, et al. Human hair-derived high
surface area porous carbon material for the adsorption isotherm and
kinetics of tetracycline antibiotics[J]. Bioresource Technology, 2017,
243.778-784.

[32] LIU H, XU G, LI G. Preparation of porous biochar based on pharma-
ceutical sludge activated by NaOH and its application in the adsorp-
tion of tetracycline[J]. Journal of Colloid and Interface Science, 2021,
587:271-278.

(FHLG4E )

www.daes.org.an




