PRI RS A= 0 il 25 B HEAT Ni( D) bR
B4 TEY, B T, AP ort!

(l.wNBIT ks ERIFZFRE, Wil B 7 6430003
2. BT KF HFERFELAEASLRE, Wil 857 643000)

HE: T2 BANDTESAESTREARERAEAE LR, BFALERRELERELG . HEEAZ
RFLEFRR, EMRAEAZERRMHE L X E, B O TRALBM L, AFEERABE
A Ay M R AT AY, i At IR R 5 e R R A R AR L a0 7 RPHAT RO, RIA& T Mg/Al B
KA R A Bk A 4 5 (E-Mg/AI-LDH BC), 44 R T Hat Ni( 1) 49 9B M 48 B AF A AL,
A A I, E-Mg/Al-LDH BC # Ni(1l) #97R H 2OR % £ 4+ B & #vh, K £ pH A 6 BB 2R &
£, Ni( 1) 69 R W8 7Tk 78.10 mg/g, & Bk 97.62%; % A4 % & ms A 1.25 g/L o, s+ T4
4R A 25~150 mg/L e B M &9 Ni( ) 78k R I RIAF a9 R sk, @i R EFRE A H 5
SHT T 42, Langmuir A2 R 48 B AFPAA R SR 25, E 55 2R A2 5 F BB M A 5 Rl £
5o R W Bh AR 6 5 R A, MR AL E R £ SR Mt £2, gk, 45 8) FTIR, SEM-
EDS Mapping % £ AE 58 541 & I, E-Mg/Al—LDH BC &t Ni(I) &4 R W £ %3 it & 448 A 5290,
Bl BB AE A B F XA n-E 2B A0 EAE R AR, KB G A A R AT 2% B AR )
R B Fo R I, BB A K PRI T 16 M’Féfw%%fraﬁ 38

KRR RIS A, B AR BROER M AR AL ; Ni(ID)

FESES: X703 XEkFRiIRAD: A

Preparation of Modified Distiller’s Grains Biochar for Ni( I ) Removal
SIMA Weiping"*, QU Jiang’, DENG Wengqi'

(1. School of Civil Engineering, Sichuan University of Science and Engineering, Zigong 643000, China;
2. School of Chemical and Environmental Engineering, Sichuan University of Science and Engineering,
Zigong 643000, China)

Abstract: Nickel (Ni), a heavy metal, poses a significant threat to both the ecological environment and
human health. Traditional treatment technologies are limited by high costs and the potential for
secondary pollution, which severely restricts their widespread application. Biochar, recognized as a
green adsorbent material, has attracted considerable attention in recent years. Its adsorption performance
can be effectively enhanced through modification, offering a promising alternative for heavy metal
remediation. Against this backdrop, this study used distiller's grains as the biomass feedstock. By
combining pyrolysis temperature regulation with the addition of specific substances, Mg/Al layered
double hydroxide modified biochar (E-Mg/Al-LDH BC) was successfully synthesized. A systematic
study was conducted on its performance and underlying mechanism in adsorbing Ni( Il ) ions, focusing
on factors such as pH, initial concentration, and biochar dosage. The study found that the adsorption
efficiency of E-Mg/Al-LDH BC for Ni( Il ) was influenced by multiple factors. The optimal adsorption
occurred at pH 6, with a capacity of 78.10 mg/g and a removal rate of 97.62%. Lower pH values

resulted in reduced efficiency, reflecting competition between H™ and Ni( I ) ions in solution. When the
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biochar dosage was 1.25 g/L, it maintained excellent adsorption performance for Ni( Il ) solutions with
initial concentrations ranging from 25 to 150 mg/L. Adsorption isotherm and kinetic analyses indicated
that the Langmuir model fit the experimental data better than the Freundlich isotherm model, suggesting
a monolayer adsorption mechanism. The strong fit with the pseudo-second-order kinetic model further
indicated that chemical adsorption was the dominant process. FTIR analysis showed that after E-Mg/Al-
LDH BC adsorbed Ni(Il), —OH groups may participate in surface precipitation or complexation.
Enhanced C—O and O—H signals, along with weakened C=0 peaks, suggested surface complexation
and possible n-Ni( Il ) interactions. SEM-EDS mapping analysis revealed a high surface accumulation
of Ni, with elements such as Al, P, O, and Mg potentially playing roles in its removal. In summary, the
adsorption of Ni( Il ) by E-Mg/Al-LDH BC is primarily driven by complexation, with ion exchange and
n-Ni(Il) interactions contributing to the overall efficiency. This study elucidates the adsorption
characteristics and mechanisms of E-Mg/Al-LDH BC for Ni(Il) and offers theoretical and technical
support for the application of this modified biochar in heavy metal remediation. The findings provide
innovative insights for practical environmental remediation and lay the groundwork for developing
green and efficient treatment technologies.
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BC 21.51 0.050 0.84 2291 0.003 0 0.93
E-Mg/Al-LDH BC 78.53 0.007 0.92 80.10 0.000 1 0.94

Fz 4 Ni(ll) EREHER S

Table 4 Parameters of isothermal adsorption models for Ni( 1)

Langmuir Freundlich
Ni( IT )Wz B 51 HREE/K 2 . ) I
gu/(mgg ) K/(L-mg") R Ke/(mg' "L g ") y R
BC 293 132.23 0.07 0.90 32.24 3.70 0.80
E-Mg/Al-LDH BC 293 165.64 0.31 0.97 59.79 4.17 0.91
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Fig. 6 Isothermal adsorption models of BC, E-Mg/Al-
LDH BC on Ni(Il)
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Fig. 7 FTIR of E-Mg/Al-LDH BC before and after
adsorption of Ni(Il)

(¢)Ni Lal, 2

(d) Al Kal

(f) Mg Kal, 2

8 E-Mg/Al-LDH BC B Bft Ni(11) /A SEM-EDS
Fig. 8 SEM-EDS images of E-Mg/Al-LDH BC after adsorption of Ni(1l)

4 HitERE

(1) LATPGAE Ay A 0y o S i ek, 3 ot el A2 5 iy
O T 8 R e 8 L AT Bl . R X H 4y
Br, T ETE 600 °C F4 T il 25 19 Mg/Al JZRAE
A ALY M 2R B 5 (E-Mg/AL-LDH BC) . % ek P
A ekt Ni( ) F 80 M B 1 I 1 g, H: L 3
AL ] 82.81 m’/g, HHAR T AR MERY A W 5 B
EiTt

(2) 7EWF 5% E-Mg/Al-LDH BC % Ni( ) Y 1%
BRHPE RERSE, F2 %28 T pH. Ni( 1) f%] 4 e B
A A INE 3R EN ., 45 1KY,
E-Mg/Al-LDH BC x§ Ni( ) &) W% Fff B 71 B % pH
8

7R (2.0~7.0) 3458 . >4 pH Ry 6. EW i
O 1.25 /L. Ni(Il) B91 8 2 2 100 mg/L B,
E-Mg/Al-LDHBC %} Ni( 1) (B nlik 78.1 mg/g,
B F IR 97.62%. W B 55 IR £ o b
E-Mg/AI-LDH BC %f Ni( 1) i) W% B 5o 72 55 45 &
Langmuir BE8Y W B 5y g 2 3 Afr 22 W, SR 6 ot
FEATE M GO B 3l ) AR A, SE ik RAE
T By b & P, E-Mg/Al-LDH BC % Ni(Il) # &
G QIR S TR S (S NP S R S i
& Ja AR AR FHLH

(3) Mg/AL JZ IR BUE AL e P 1 I R A= )
7 BB =5 R0 2 B K ) Ni(TD), 5280 T TR A 1Y
GEIRAL R FH, A K Ak B AT B M R A 4 1P



RISt Aok, il — ks E T A 250 LR T
BT Ni(IT) Féy W B 255 o R e 2, ) Asf o 1 ol
FEIAR, AR AL = B Rt . AR, PR R IX
MBI & 2 Fh 4 8 3 R A R K R g
AE, TR AWTFST LB HLEE, RS2 Prp K Ab 3 T 25 1%
TR EORG e 1 FLE S Rr . TR, 854 PR
5%, SRR A W i G AR, itE— 2 e

H

LA . HEE T AWTRA, A BR%

FARE T 8 22 2 B ) 4 s K AR B 5%,
11 Bl K Ak P AR Y 2 AL L e 8k g BT R
JIiE .

S Z 3k ( References ) :

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

YU Huiyong, XIE Beitao, KHAN R, et al. The changes in
macronutrients and microbial community structure during the
co-composting of white wine distillers’ grains and potassium
silicate[J]. Journal of Cleaner Production, 2021, 319:
128681.

WANG Shipeng, WANG Li, SUN Zhaoyong, et al
Biochar addition reduces nitrogen loss and accelerates
composting process by affecting the core microbial commu-
nity during distilled grain waste composting[J]. Bioresource
Technology, 2021, 337: 125492.

HE Yao, CHEN Xi, TANG Xiaojie, et al. Co-combustion
dynamics and products of textile dyeing sludge with waste
rubber versus polyurethane tires of shared bikes[J]. Journal of
Environmental Chemical Engineering, 2023, 11( 1) :
109196.

ZHANG Junhui, CHEN Jiacong, LIU Jingyong, et al.
Fates of heavy metals, S, and P during co-combustion of
textile dyeing sludge and cattle manure[J]. Journal of Cleaner
Production, 2023, 383: 135316.

SAME, WL, Y IO ZER B ROK T E 4R
BT RIS [1]. 4k, 2005, 41(5): 54-57.
JING Youhai, WANG Xinhong, LU Tao. Research on
removal of heavy metals in plating wastewater by zeolite[J].
Water & Wastewater Engineering, 2005, 41(5): 54-57.
XNFT, wkeE, W, S xR R A IR R R
fi i MW 19 B2 7). T E 2k HEK . 2022, 38(19):
69-75.

LIU Yuning, ZHANG Qian, TAN Bin, et al. Effect of
modification methods on biochar composite system for degra-
dation of reactive blue 19[J]. China Water & Wastewater,
2022, 38(19): 69-75.

HAMA AZIZ K H, MUSTAFA F S, OMER K M, et al.
Heavy metal pollution in the aquatic environment: Efficient
and low-cost removal approaches to eliminate their toxicity:
A review[J]. RSC Advances, 2023, 13(26) : 17595—
17610.

JANNATJN, MIAMY, JIONMMMF, et al Pollu-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

tion trends and ecological risks of heavy metal( loid) s in
coastal zones of Bangladesh: A chemometric review[J].
Marine Pollution Bulletin, 2023, 191: 114960.
WANG Chunli, HAO Linlin, SUN Xiaotong, et al.
Response mechanism of psychrotolerant Bacillus cereus D2
towards Ni ( I ) toxicity and involvement of amino acids in
Ni ( II) toxicity reduction[J]. Journal of Hazardous Materi-
als, 2022, 430: 128363.

LIU Chen, ZHANG Hexin. Modified-biochar adsorbents
(MBAs)
review[J]. Journal of Environmental Chemical Engineering,
2022, 10(2): 107393.

ZHANG Xu, ZHANG Xiaodong, AN Chunjiang, et al.

Electrochemistry-enhanced peroxymonosulfate activation by

for heavy-metal ions adsorption: A critical

CoAl-LDH@biochar for simultaneous treatment of heavy
metals and PAHs[J]. Separation and Purification Technol-
ogy, 2023, 311: 123341.

BAK J, KOLODYNSKA D. Synthesis and study of the sorp-
tion potential of hydrotalcite modified biochars ( LDH@BC)
with respect to cerium( Ill) ions[J]. Chemical Engineering
Journal, 2024, 494: 152888.

WANG Yifan, LI Jianen, XU Liang, et al. EDTA func-
tionalized Mg/Al hydroxides modified biochar for Pb( II )
and Cd( Il ) removal: Adsorption performance and mecha-
nism[J]. Separation and Purification Technology, 2024,
335: 126199.

CHANDER S, GUPTA A. Fabrication of mango-leaf
biowaste mediated green magnetite (Fe;0,@MBE NPs) and
modified EDTA/Fe;O,@MBE NCs for enhanced heavy
metals  sequestration: Characterisation, simulation
modelling, mechanism, cost-effectiveness and electroplat-
ing wastewater performance[J]. Separation and Purification
Technology, 2025, 358: 130246.

ALI BABEKER T M, LYU Shaoyan, KHALIL M N, et
al. Biochar modified by ammonium pyrrolidine dithiocarba-

mate for high selective adsorption of copper in wastewater[J].

Separation and Purification Technology, 2025, 354:
129436.
XIE Xinling, GAO Hongliang, LUO Xuan, et al.

Polyethyleneimine modified activated carbon for adsorption
of Cd( II) in aqueous solution[J]. Journal of Environmental
Chemical Engineering, 2019, 7(3): 103183.

LI Yinxue, SHANG Hongru, CAO Yongna, et al. High
performance removal of sulfamethoxazole using large specific
area of biochar derived from corncob xylose residue[J].
Biochar, 2022, 4(1): 11.

LIU Xiaolu, LI Yang, CHEN Zhongshan, et al. Recent
progress of covalent organic frameworks membranes:
Design, synthesis, and application in water treatment[J].
Eco-Environment & Health, 2023, 2(3): 117-130.
MEILI L, LINS P V, ZANTA CL P S, et al. MgAl-

LDH/Biochar composites for methylene blue removal by

9


https://doi.org/10.1016/j.jclepro.2021.128681
https://doi.org/10.1016/j.biortech.2021.125492
https://doi.org/10.1016/j.biortech.2021.125492
https://doi.org/10.1016/j.jece.2022.109196
https://doi.org/10.1016/j.jece.2022.109196
https://doi.org/10.1016/j.jclepro.2022.135316
https://doi.org/10.1016/j.jclepro.2022.135316
https://doi.org/10.3969/j.issn.1002-8471.2005.05.014
https://doi.org/10.3969/j.issn.1002-8471.2005.05.014
https://doi.org/10.1039/D3RA00723E
https://doi.org/10.1016/j.marpolbul.2023.114960
https://doi.org/10.1016/j.jhazmat.2022.128363
https://doi.org/10.1016/j.jhazmat.2022.128363
https://doi.org/10.1016/j.jhazmat.2022.128363
https://doi.org/10.1016/j.jece.2022.107393
https://doi.org/10.1016/j.seppur.2023.123341
https://doi.org/10.1016/j.seppur.2023.123341
https://doi.org/10.1016/j.seppur.2023.123341
https://doi.org/10.1016/j.cej.2024.152888
https://doi.org/10.1016/j.cej.2024.152888
https://doi.org/10.1016/j.seppur.2023.126199
https://doi.org/10.1016/j.seppur.2024.130246
https://doi.org/10.1016/j.seppur.2024.130246
https://doi.org/10.1016/j.seppur.2024.129436
https://doi.org/10.1016/j.jece.2019.103183
https://doi.org/10.1016/j.jece.2019.103183
https://doi.org/10.1007/s42773-021-00128-9

[20]

(21]

[22]

(23]

(24]

[25]

[26]

10

adsorption[J]. Applied Clay Science, 2019, 168: 11-20.

CHOUDHARY M, KUMAR R, NEOGI S. Activated
biochar derived from Opuntia ficus-indica for the efficient
Cu”" and Ni*" from

2020, 392:

adsorption of malachite green dye,
water[J]. Journal of Hazardous Materials,
122441.

BIAN Yongfang, ZHANG Fengzhi, LIU Qiaojing, et al.
Simultaneous removal capacity and selectivity of Cd( II ) and
Ni( II ) by KMnO, modified coconut shell and peach kernel
biochars[J]. Journal of Water Process Engineering, 2024,
65: 105862.

ZHAO Xia, LIU Man, FENG Hao, et al. Effects and
mechanisms on Cr( VI) and methylene blue adsorption by
acid (NH,),S,05 modified sludge biochar[J]. Separation and
Purification Technology, 2024, 345: 127100.

GAO Feiyu, TAN Chaowen, YOU Yang, et al. Efficient
and selective adsorption of Ni( II) and Mo( VI) utilizing
novel materials derived from in situ aminated Co/Zn-ZIF-
Modified biochar[J]. Separation and Purification Technol-
ogy, 2025, 359: 130669.

YOON K, CHO D W, BHATNAGAR A, et al. Adsorp-
tion of As( V) and Ni( II ) by Fe-Biochar composite fabri-
cated by co-pyrolysis of orange peel and red mud[J]. Environ-
mental Research, 2020, 188: 109809.

WU Guangwei, WANG Bin, XIAO Chang, et al. Effect of
montmorillonite modified straw biochar on transfer behavior
of lead and copper in the historical mining areas of dry-hot
valleys[J]. Chemosphere, 2024, 352: 141344.

LI Anyu, YE Chenghui, JIANG Yanhong, et al. Enhanced

(27]

(28]

[29]

[30]

[31]

removal performance of magnesium-modified biochar for
cadmium in wastewaters: Role of active functional groups,
processes, and mechanisms[J]. Bioresource Technology,
2023, 386: 129515.

DINARI M, HAGHIGHI A, ASADI P. Facile synthesis of
ZnAl-EDTA layered double hydroxide/poly( vinyl alcohol)
nanocomposites as an efficient adsorbent of Cd( Il ) ions
from the aqueous solution[J]. Applied Clay Science, 2019,
170: 21-28.

DUAN Guangyu, LI Xintong, MA Xin, et al. High-effi-
ciency adsorption removal for Cu( I ) and Ni( Il ) using a
novel acylamino dihydroxamic acid chelating resin[J].
Science of the Total Environment, 2023, 864: 160984.

EL GHOBASHY M A, KHAMIS M M, ELSHERBINY A
S, et al. Selective removal of ammonia from wastewater
using Cu( Il )-loaded Amberlite IR-120 resin and its catalytic
application for removal of dyes[J]. Environmental Science
and Pollution Research, 2023, 30(49): 106822-106837.
HUANG Yao, XIA Siyu, LYU Jingjing, et al. Highly effi-
cient removal of aqueous th and CH;Hg by selective
modification of biochar with 3-mercaptopropyltrimethoxysi-
lane[J]. 2019, 360:
1646-1655.

W LABE. T35 8 W o] o Kool 7K s e 22 B P g 5 0L
HE [D]. MEREE: MRIE TR, 2019: 51-52.

CHEN Yidi. Performance and mechanisms of pollutants

Chemical Engineering Journal,

removal from water using As-prepared sludge biochar[D].

Harbin: Harbin Institute of Technology, 2019: 51-52.


https://doi.org/10.1016/j.clay.2018.10.012
https://doi.org/10.1016/j.jhazmat.2020.122441
https://doi.org/10.1016/j.jwpe.2024.105862
https://doi.org/10.1016/j.seppur.2024.127100
https://doi.org/10.1016/j.seppur.2024.127100
https://doi.org/10.1016/j.seppur.2024.130669
https://doi.org/10.1016/j.seppur.2024.130669
https://doi.org/10.1016/j.seppur.2024.130669
https://doi.org/10.1016/j.envres.2020.109809
https://doi.org/10.1016/j.envres.2020.109809
https://doi.org/10.1016/j.chemosphere.2024.141344
https://doi.org/10.1016/j.biortech.2023.129515
https://doi.org/10.1016/j.clay.2019.01.007
https://doi.org/10.1016/j.scitotenv.2022.160984
https://doi.org/10.1007/s11356-023-25677-3
https://doi.org/10.1007/s11356-023-25677-3
https://doi.org/10.1016/j.cej.2018.10.231

	0 引　　言
	1 材料与方法
	1.1 实验材料
	1.2 改性酒糟生物炭制备方法

	2 结果与分析
	2.1 改性酒糟生物炭制备参数优化
	2.2 改性酒糟生物炭表征分析
	2.2.1 比表面积及孔隙结构
	2.2.2 表面微观形貌


	3 改性酒糟生物炭对Ni(Ⅱ)吸附性能影响及机理分析
	3.1 改性酒糟生物炭对Ni(Ⅱ)吸附性能影响
	3.2 吸附动力学分析
	3.3 吸附等温模型
	3.4 吸附机理分析

	4 结论与展望
	参考文献

