‘ A ’,3 W2 o2 i
ﬁ& ;%%H £s @t&J BRI e R

\GRO-ENVIRONMENT SCIENCE
PAik: http://www.aes.org.cn

B R T B4 BPb (11) FITR i e X pL2E
FRA, LB, PR, BT, B35, TR, Aris

FIHASL:

FRA, ERBE, FOEHL S5 WA SO A s B B P (11) AW B 1 e S JEALERL]. ll FREERL 242, 2025, 44(12):
3230-3240.

TEZR R BE View online: https:/doi.org/10.11654/jaes.2024-0802

LT ARG HoAh S

Articles you may be interested in

BRI R £T 24k A 0 5 ) ) 45 K EG e e PP W B R 43T

IRFh, T, kit 2%

LAV IABTRL2A 4], 2021, 40(5): 1088-1096  hitps://doi.org/10.11654/jaes.2020—1252
BRIEREA A R AT P Cd2+ . P2+ B B2 17 FHAIFSE

ARG, SR, XU, 22016, AR, skIE 58

LN FREE R4, 2019, 38(8): 1982-1990  https://doi.org/10.11654/jaes.2019-0012
ANTRVA: 49 %ot SR ) R 44

RHEDT, BBEEE, ERHE, X K2, AFF], #4%

N PR 2447 . 2018, 37(6): 1193-1202  hitps:/doi.org/10.11654/jaes.2017-1378

KR B A R B A W ek C AP R R 5T
Wi, iR, R
el FREERLE 2240 2021, 40(4): 876-883  https://doi.org/10.11654/jaes.2020-1123

A BB A R ) 2 T 200 Bl = R A I B R

EL, U, HEE, MIRR, BRT, RE
LV FREE R3] 2017, 36(12): 2521-2526  hitps://doi.org/10.11654/jaes.2017-0731

FAEMATANT , FRTLVR


http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2024-0802
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1252
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1252
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2019-0012
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2017-1378
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1123
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2020-1123
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2017-0731

2025,44(12):3230-3240 R W ®E M FE F R 20254F 12 H

® Journal of Agro-Environment Science @

R, EEEE, SmI, & WA B AR Y Hexd E 4 JE P CID) 1 W B i S EHLBTT. Al REERL 27274k, 2025, 44(12)
3230-3240.

LIJJ, WANG Y Y, HUANG J Q, et al. Modified zeolite biochar for the adsorption performance and mechanism of heavy metal Pbh( Il )[J].
Journal of Agro—Environment Science, 2025, 44(12) : 3230-3240.

ﬁrﬁzﬂ% 0SID

;‘%EEQ'EEE%%%X#E%J% Ph( 11 ) B R B 14 B e H AL 38

X )

FHRAY, ZEB, FER, BYC, 8RR, ATHAH

(L AL HL T RSABRI2ABE, | A BRifE 5190885 2. WiVl Rl Bl B IR WU -5 H MR 5T T, BTN 3100215 3. 2 HFHE 2
Be e PR S IR 24 e, AL RN 311300)

, AR

3

& BTG A Y st B 4R Ph (T ) 5 YAk A B A AR S AL L R P — 25 L3 i 4 T R TRD A0 s in e A7) 1
W ECE AR Y e, e BRE ST 1 S 2 4 B Sk A, R LR TR B (BET) (I FEL B8 X R (SEM-EDS) X SR AT 4 (XRD) X Hf 2k
JEHLFRETE (XPS) FME B AR 2T A0 3k (FTIR ) X A iR 28 W ok A2 B A BHHEA T3RAE , IEHRSE T ZEA W] pHAE (pH 2.0~6.0) LSS
IHE] (0~24 h) FI8H PhC L) HeJE (10~80 mg- L7) i T30 B (0~0.5 mol - L™ NaCl) £ , et A= Wyt PhCID) WL IR AT o 4553
SO WA RS A W i B ) FE ST R A AR Rk B A M RHE S T pHAE R 6.0 X Ph(CI1 ) B 25 Bk B e e, o DL S o it [
S 12~24 h, T L Ph (1D R IR R BE N 25~65 mg- 170 RECPEAEY 5 (BC) (ZR1: 1. ZR1:2 FZR2: 1% Ph( 11 ) MR B R SR A 45
TE =208 J1 4B, Freundlich B9 GE B 47 #4004 ZR1: 1. ZR1: 2 F1ZR2: 1 %F PhC 11 ) B W2 P25 I #2 . B i S NaCL ¥k B > 0 Al
0.001 mol - LB, BC I ZR1: 2% Ph( 1) 9 K BRACHK S fF LI b 35 22 5 AR5 NaClyf 23 R, W BRI Ph (L ) A9 B 28 522 Je b
JE TR, BRI, WA RO A W e R A R EE A S P C I ) W R AL, LA o Lo 122, W BRIk RE AR T A Bl A7 % -
LA A8 S AR 250, AT S P (I )T YK IR %A B

FGBIR A7 5 A=W P CID ) s IR B s — 25 L3

FESHES X703 XEREG:A  XEHEES1672-2043(2025)12-3230-11  doi:10.11654/jaes.2024-0802

Modified zeolite biochar for the adsorption performance and mechanism of heavy metal Pb( II )

LI Junjie', WANG Yuying’, HUANG Jiaqi', CHENG Kai’, LU Haohao?, HE Lili%, YU Juan"

(1. Beijing Institute of Technology, Zhuhai, Zhuhai 519088, China; 2. Institute of Environment, Resource, Soil and Fertilizer, Zhejiang
Academy of Agricultural Sciences, Hangzhou 310021, China; 3. College of Resource and Environment, Anhui Science and Technology
University, Chuzhou 311300, China)

Abstract: To investigated the remediation performance and mechanisms of zeolite—modified biochar composites for Pb (Il ) —contaminated
water treatment. Zeolite—=biochar composites with different mass ratios were synthesized via one—step co—pyrolysis using rice husk as the
biomass precursor. Comprehensive characterization was conducted employing brunauer—emmett—teller (BET) analysis, scanning electron
microscopy with energy dispersive spectroscopy (SEM—EDS), X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), and
Fourier—transform infrared spectroscopy (FTIR). The adsorption behavior was evaluated under varying environmental conditions including
solution pH (2.0-6.0), contact time (0-24 h), initial Pb( Il ) concentrations (10-80 mg-L™"), and ionic strength (0—-0.5 mol - L' NaCl).
Experimental results demonstrated successful composite formation with optimal Pb( Il ) removal efficiency observed at pH 6.0. The optimal
parameters were identified as 12-24 h contact time and 25-65 mg+ L' initial Pb( Il ) concentration. Adsorption kinetics for BC, ZR1: 1,
ZR1:2, and ZR2: 1 composites followed pseudo—second—order models, while the Freundlich isotherm model best described the multilayer

adsorption process. Notably, NaCl concentration exhibited a biphasic effect on Pb ( Il ) removal efficiency, showing comparable
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performance at 0 and 0.001 mol - L', followed by a characteristic decrease—increase pattern with increasing ionic strength. The 1:2 zeolite—

biochar composite demonstrated superior adsorption capacity compared to unmodified biochar. This research provides an optimized strategy

for Pb( II ) contamination remediation.

Keywords: zeolite; biochar; Ph( Il ); adsorption; one—step co—pyrolysis
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Table 1 Adsorbent’s basic physicochemical properties

M 551 LR EC/ W5y
Adsorbent pH (pS-em™) Ash content/%
BC 9.61 1 875.67 37.28
ZR1:1 8.33 344.33 76.28
ZR1:2 8.22 457.67 66.45
ZR2:1 8.11 202.03 83.52
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Table 2 Elemental composition of the adsorbent

B 7] Adsorbent  C/%  HI/% NI% SI1% 0/% H/IC  0/C

BC 5198 3.79 081 0.25 43.17 0.07 0.83
ZR1:1 1544 334 028 0.18 80.76 0.22 523
ZR1:2 29.09 3.64 044 020 66.63 0.13 2.29
ZR2:1 10.61 3.14 020 0.16 8589 0.30 8.10
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Table 3 Surface area and pore structure parameters of

the adsorbent

BET 7y =3 TARH p
W LR IAE SFLBUATE fie
BET surface area/ Pore volume/ A
Adsorbent s A Pore size/nm
(m*-g™) (em®-g™)
it ¥l 39.56 0.074 7.44
BC 7.50 0.023 12.23
ZR1:1 9.00 0.025 11.46
ZR1:2 15.75 0.032 8.15
ZR2:1 9.38 0.038 16.15
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Figure 1 SEM of BC,ZR1:1,ZR1:2,and ZR2:1 before
adsorption of Pb( Il )
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Figure 2 EDS results of BC,ZR1:1,ZR1:2,and ZR2:1 before adsorption of Ph( II )
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Figure 6 Effects of reaction time on the adsorption of Pb( Il ) by the adsorbent
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Table 4 Parameters of the adsorption kinetics model fitting
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pH Gero/ (mg-g™) ki/(min™) Gecal (mg-g™") R ko/(gemg ™ +min™") Ge.cal (mg-g™) R’
BC 6.0 37.1 0.003 6 6.728 0.940 5 0.002 0 37.15 0.999 2
ZR1:1 6.0 37.4 0.002 7 5.128 0.937 6 0.002 4 37.33 0.999 5
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Figure 8 Fitting curves of adsorption kinetics models
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Table 5 Parameters of the adsorption isotherm fitting
7 B 751 Langmuir 2 Langmuir parameter Freundlich Z%{ Freundlich parameter
Adsorbent Ki/(Lemg™") Gl (mgg™) R Ki/(mg+g") (L-mg™")" n R
BC -2.228 14.06 0.1853 14.39 3.80 -0.1129
ZR1:1 0.036 4 118.7 -0.1195 4.63 1.24 0.5372
ZR1:2 0.063 6 95.60 0.400 6 6.89 1.37 0.836 1
ZR2:1 0.094 9 62.34 0.681 3 6.33 1.47 0.746 6
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