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Abstract

In order to investigate the influence law of magnetic field action on the adsorption performance of
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magnetic adsorbents, magnetic activated carbon Fe30:@AC was experimentally synthesized and
its adsorption behavior on methylene blue dye (MB) under magnetic field action was investigated.
The results showed that the adsorption efficiency of Fe304@AC on MB under the action of magnetic
field was significantly improved compared with that without magnetic field, but the enhancement
of specific adsorption capacity was not obvious. The magnetic field strength of the magnetic field
significantly affected the adsorption performance of Fes04@AC, and the adsorption capacity of
Fe304@AC increased and then decreased with the increase of the magnetic field strength, and the
specific adsorption capacity was the highest when the magnetic field strength was 50 mT, which
was 162.3 mg/g, and increased by 7.2% compared with that in the absence of the magnetic field,
but the time for it to reach the adsorption equilibrium was reduced by about 40%. Meanwhile, the
magnetic field effect can significantly enhance the adsorption selectivity of Fe304@AC on MB. The
adsorption process under the magnetic field was limitedly influenced by factors such as initial pH
and MB initial concentration. Theoretical fitting by isothermal adsorption model, adsorption ki-
netics, and particle diffusion model revealed that the adsorption of Fe3;0:@AC on MB was domi-
nated by chemisorption, which was consistent with the quasi-secondary Kinetic equation. The
magnetic field effect did not significantly affect the adsorption Kinetic process, but could promote
the internal diffusion process in the particle diffusion model.
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Figure 1. XRD pattern (a), FTIR spectrum (b) of AC and FesOs@AC
[ 1. AC 0 FesOs@AC B XRD Eli(a). FTIR iZE(b)

Figure 2. SEM plots of activated carbon (a) and FesOs@AC (b), and EDS plots of FesOs@AC
2. AC (a)F1 Fe304@AC (b)iJ SEM [El, LUK Fe304@AC Hi EDS
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Figure 3. Magnetic analysis plots of FesOs and FesO4s@AC (b)
[&] 3. FesOs 1 FesO4@AC (b)B9%AE 3 4 E]
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AC X} MB W 1 BETE G 5 o MG AR F R EH R 25, HHRAXT AC IR BE RS /N . AHEL T
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Figure4. (a) Adsorption of MB by different adsorbents, (b) magnetic field strength ([MB] = 40 mg/L, adsorption time was
50 min, MF =50 mT, pH =7)

E 4. () EIIRMIFIX MB BIRRMIRER, (b)) E#AEEST MB IRFEIFZIN(MB] = 40 mo/L, BRBELE] 9 50 min,
MF =50 mT, pH=7)
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Figure 5. Effect of different pH on the effect of MB adsorption by FesOs@AC under magnetic field ((MB] = 40 mg/L, ad-
sorption time of 50 min, MF =50 mT)
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Figure 6. Effect of coexisting anions on the adsorption properties of FesOs@AC under magnetic field and no magnetic field
conditions ([MB] = 40 mg/L, adsorption time of 50 min, MF =50 mT, pH =7)

& 6. W5 THIASZHET, L£EHABE T3 Fes0s@AC IRHHIEEERISEZNE([MB] = 40 mg/L, IRHIETIE A 50 min, MF = 50
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HINE] 120 mg/L, W2 N o 3X A DA FesOa@AC HI MB 432 7] ) e J5 it A4 2 £ 489 I i 14 1
Iy T IR IREN Sy 300, AE43 MB 231 58 DR Mk 5 210 B IR THT o B 6 A 280 B AR et T2 Ak O 5 o5 4
W B BT AR P ATIRES, WP TR BEAERT FesO4@AC It &4 162.2 mglg, i JLHiA1E
T FesOs@AC 1 Fis 84y 151.3 mglg. A | EaF b FEfiE Fes04s@AC Al MB 4Lk} 53 2 [A] 1 AH H.AE H
VLRG3 %) FesOs@AC 4 BT B E I, {8 Langmuir. Freundlich. i1 Temkin iR 28 B [13] 5k
B a5 25 Fan b 7(0) Frow
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q, =(bg,C,)-(1+bC,)™ 3)
Freundlich:
1
g, = KC; 4
Temkin:
d. = AInA +AInC,, A=(RT)b™ (5)

Horb, b REABURFEEL Limg, On R KR A S n 5 FesOs@AC Wb FE AT 56 14 o 2 R BER 475 1
e K2 GEB Fes04s@AC 5 v JL AR AUR S 250 5 4. n M{ERRWIRES; n (K,
W B 5 5 W R 7)) PR LV E R ge 3R FesOa@AC PRI RE /7, malgs R S 4L, 8.314
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Table 1. Langmuir, Freundlich, and Temkin isotherm model parameters for FesO4s@AC adsorption of MB in the presence of
a magnetic field
5= 1. HAMERT, FesOs@ACC IRMf MB AY Langmuir. Freundlich, Temkin ZFRZERISH

il HeF w5 B
k 1.23 2.48
Langmuir isotherm Om 156.71 158.73
R? 0.95 0.93
1/n 0.19 0.17
Freundlich isotherm k 82.4 92.3
R? 0.95 0.96
A 118.98 257.8
At 18.79 18.09
Temkin isotherm
b 20.75 9.58
R? 0.97 0.99

VB B <5 TR AR RS P T i H R PR RE L rP B R v (I PR s 38 B 20 A s I AR AR i BT
BEEK) MB 73 Z IAIANAFEAEAH ELAE ] o Freundlich W B 5 2 AR AR 22 TR NI 5 B2 B 7710 28 T B Bz s 23 AT
ALY, WIS MB 731 Z 8 A S MB 731 A B 2 A AE A FOAHELAE o 1/n BB PT 1 D9 W B 55 B2 R 4
bR, HVEAE O M 1 2 (8], JUERWILE S BRI B R R AR BRARFE . Temkin R By &5 T 2 A3 B2 R 14
BT ARIELE 1 TR BT s R, Temkin WP SRR AGARSCE(R? = 0.97) bt W B S5 R A5 Y
FIRHRIE R 2, BIATER B SINIRA R FesOs@AC FIML MR, (HZ S35 X508 | Temkin Wb 45T
R IR B B PR REAH SR8 K b, AT 51 S5 R PR R SR B A R AR AL, BETT BRI T Fes04@AC
Xt MB I . MB £ FesO.@AC R I AWK Y R Ak 2R BT ARG A2 . AU Langmuir W NS5 TR 2RI, f e
FesO4@AC I8 K [t 75 5y 155.2 mglg, 5 5EFr{H 151.3 mglg W) & R 4T .
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Figure 7. Magnetic field strength = 50 mT, 0.04 g adsorbent, pH = 7; (a) Effect of initial MB concentration on Fes0O4s@AC
adsorption capacity; (b) Isothermal adsorption modeling

7. HisHIBE A =50 mT. 0.04 g IRFHFI. pH=7 &4 T, (a) MB #I3HREXT Fes0.@AC IRMIGEHIRNT; (b)FiR
K B BY

3.3. WA S5 ZuAER T HIR RIS FEM
RMME— a3 S a R M sl g 2 AU [14] LR UKL P9 7 15 A R [15] [2X(6)~(8)] 2 il X
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Figure 8. Adsorption kinetics of FesO4@AC on MB in the presence and absence of magnetic field Quasi-primary (a), qua-
si-secondary (b), and particle diffusion models (c)
8. HiHS THIAER T Fes04@AC Xt MB BYIREN N FE IR E—RK (). HEZRK(b), FHRIAY BREL(C)

TEWS S THEHER T, M —g . #E R 7E T FesOs@AC XF MB MR FHALEE . 4nl%] 8(a)-
K 8(b) s, M a2 R A 5 R B(R? = 0.997), K T-HE— 2 5h J12# A A 56 A2 50 (R? = 0.982),
TV R 5 Jy AR A DU I (3138 FesOs@AC St MB (1 L R b AR 22 B A . MRS % 2 TR
WM B 1SRN, BESHTERTR, #E 208 )15 75 FE IR 26 A TC R (1) 0.0043 g/(min-mg)3 i £ 0.0052
g/(min-mg). ATLLEH, BidpIt RS FesOs@AC MR, (HERTF T WL PHE R, X 0] §E2 i THids
S T Ay FAERE SR T RO R

Table 2. Kinetic modeling of FesO4@AC adsorption on MB in the presence and absence of a magnetic field Sen

= 2. WS THIAIER TR FesOs@AC 3t MB BUIRBHEN HFHE RIS 3

P eecp HE—%K 2K
mg/L mglg ki/min Q1 (Mg/g) R? ka/min Qe2 (Mg/g) R3
120 (W) 159.1 —-0.097 74.2 0.963 0.0043 162.2 0.981
120 (i) 155.2 —-0.087 64.5 0.982 0.0052 151.3 0.997

I kL A 3 B R0 4% 5 o RS FH R MB 7E FesO4@AC A H B A2 #4710 & . AIEL 8(c)Fh
%3 WA RE, TR TCHEATER, BRI HUR R EOG S AR = AR B, 3 —B
B Bt 2D O U R R 5 AR LA O S BRI, SR B AR AN R A, T B R N
BRAS 2 P — )32 6 PR PRI 5 [16] « 55 BB, MB M FesOu@AC HI4M R THIFLIR P 10 , 2 ks 9 7 B B o
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kit %

R3S (O RURE N 7 BRSO 2 v T ORGSR T T BORORE 37 5 K, 1 IR 1 T A e o 4 K5 —
W B 5 Y BUBURL P9 BUR SO (2 3 FesOa@AC Xt MB IR P 7258 =B, MR PR s A,
BURL N B9 RSO T 20 B8R, 2B BOZ R BV - Bl By 2l &7

Table 3. Modeling of FesO4@AC adsorbed MB in the presence and absence of a magnetic field.
= 3. HitHS THAAER T FesOs@AC WRHf MB FOFRINY BUEE S %

Co Ceecp Stagel Stage? Stage3

mg/L mg/g Kid1 Ci R? Kid2 Cz R3 Kias Cs R3
120 (ZHid%) 1622 3339  —37.52  0.994 2194 1347 0910 202 1367  0.966
120 (G Wi¥%) 1513  33.08 494 0979 1089 9230 098  2.01 1478  0.916

PATE R IUHEI A WS ERAR T A2 28 IR BB BRI 2 25 (A 21.94 min™ £1] 10.89 min™),
ERIRBEIZ] 158 B BOWBR AR, (BRI — R 5 Tl 7 Y 225 i v W PR ) 28 R B mT AR AN T
HI A ESEIR S R AT UL SN W b, WP RGP IR AL D AT EL TR RER, MBI R RS 3 5 Tl 3
HTW. BTsRE e, MB SZEIRIFGEA 08 Jy. RXAME R S5 i 5] JymT DU &
MB 7t FesOs@AC Ry FIFEFE, WSl MB HRIEHHIR . BLAh, FesO.@AC FEAMINHEZ N I
AL RIBACAZIETE, MB #E— DI 5] FesO.@AC RILAALIEH, $EEAM HURW M T8, FTR T Wt
HARRA, SEHL T FesOs@AC X MB HIPLEAZR[18]. Wl E, HBEMER T4 ANz i, FesO.@AC
SEREALTT I HIRENE,  BURLER I AS RS S ARG 5 AR, SRR T MB RERSE A HE RS 2R R B
Wi SRR DS,  HP R, A RRSS VA RER I X ISR e, MR T IA S 2R, (AP RERI
Xt MB LT 3A255[18], IR T MB AR RER I A HIGE RS, MBS RL 4 B 5 MB BIIR -

4, gig

I R B SETTIEVE R A T LR VETER FesOs@AC, FIF XRD. SEM. FTIR #iEid R 45 H . X3
MERMERRE. SEM EURE/R, FesO.@AC Kl E & & F /Nl KfLIREE M, ARIT MB 4T HI&4H,
BRI EE 7. FTIR 2387 BI-OH. C-H 1 C=0 5 | MB 7£ FesO.@AC KMt . FesO.@AC H &
4 0.04 g« MB ¥IUG &R E N 120 mg/L B, TCHEANT FesOs@AC X MB [ KWt & 151.3 mglg, "
Bt BE k. it 50 mT #E3ART, FesOu@AC Xt MB I KRB & 162.2 mglg,  FLIK BRI 217467 () s 1]
TR 405 40% A o BRIESRAFE AR T MB 25k, (R pH X FesO.@AC 1E/EAITC IS
VEFH BT IR K. A7 B Taeie kM, Cl. SOZ . H,PO; . COZ it FesOs@AC 1M b
RORFZEAK, W 5| NAT AR =) FesOs@AC HIIEHETR M. FesOs@AC X MB I B 51 715 455 & i
TR IR DAL N, REATER R MUE FesO4@AC HIWL PR . 50K N HIUBE R 40L& 2R 1
T3 e 38 R A OB (3 — . 36 I BRI PR R R, s R AT, AR T FesOa@AC
Xt MB IR BH o £5-Gr B0 SCHR, 184828 70 0 Fi 5| 7 AR LA F [ 19] 1 ] B2 S m W B A2 K TR 2%

HE&mHE
SR R B 00 H (GXXT-2022-083);  Faii i Bk %155 H (2023kx12).

SE

[1] Weber, S.F., Urru, A., Bhowal, S., Ederer, C. and Spaldin, N.A. (2024) Surface Magnetization in Antiferromagnets:
Classification, Example Materials, and Relation to Magnetoelectric Responses. Physical Review X, 14, Article 021033.
https://doi.org/10.1103/PhysRevX.14.021033

DOI: 10.12677/hjcet.2024.144030 296 =AW EESES VN


https://doi.org/10.12677/hjcet.2024.144030
https://doi.org/10.1103/PhysRevX.14.021033

(2]

(3]

(4]

(5]

(6]

[7]

(8]
(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Luo, J., Feng, S., Li, M., He, Y. and Deng, Y. (2024) Effect of Magnetized Water Irrigation on Cd Subcellular Alloca-
tion and Chemical Forms in Leaves of Festuca Arundinacea during Phytoremediation. Ecotoxicology and Environ-
mental Safety, 277, Article 116376. https://doi.org/10.1016/j.ecoenv.2024.116376

Santos, L.O., Deamici, K.M., Menestrino, B.C., et al. (2017) Costa, Magnetic Treatment of Microalgae for Enhanced
Product Formation. World Journal of Microbiology and Biotechnology, 33, Article No. 169.
https://doi.org/10.1007/s11274-017-2332-4

Gonzalez-Véazquez, O.F. Moreno-Virgen, M.R., et al. (2022) Intensification of a Continuous Adsorption System by
Applying an External Magnetic Field for the Removal of Heavy Metals in the lonic State, Chemical Engineering and
Processing. Process Intensification, 181, Article 109140. https://doi.org/10.1016/j.cep.2022.109140

Ren, J., Zhu, Z.,, Qiu, Y., Yu, F., Zhou, T., Ma, J. and Zhao, J. (2021) Enhanced Adsorption Performance of Algi-
nate/MXene/CoFe204 for Antibiotic and Heavy Metal under Rotating Magnetic Field. Chemosphere, 284, Article
131284, https://doi.org/10.1016/j.chemosphere.2021.131284

Ren, J., Zhu, Z., Qiu, Y., Yu, F., Ma, J. and Zhao, J. (2021) Magnetic Field Assisted Adsorption of Pollutants from an
Aqueous Solution: A Review. Journal of Hazardous Materials, 408, Article 124846.
https://doi.org/10.1016/j.jhazmat.2020.124846

Li, C., Hu, Z, Gao, Y., Ma, Y., Pan, X,, Li, X., Liu, S. and Chu, B. (2022) Bioeffects of Static Magnetic Fields on the
Growth and Metabolites of C. Pyrenoidosa and T. Obliquus. Journal of Biotechnology, 351, 1-8.
https://doi.org/10.1016/j.jhazmat.2020.124846

Fu, Z., Liu, M., Zhang, N., An, Y. and Yang, Z. (2018) The Possible Magnetoelectric Coupling Induced by Adsorption
in SnTe Films. Applied Surface Science, 428, 89-93. https://doi.org/10.1016/j.apsusc.2017.09.119

Rahimi, M., Zolgharnein, J. and Farahani, S.D. (2024) Modification of Magnetic Active Carbon Nanocomposite with
SiO2 and Zincon for Efficient Removal of Pb(l1) and 201Pb(I1); Multivariate Optimization and Adsorption Characteri-
zation. Inorganic Chemistry Communications, 162, Article 112127.

Fu, X., Sarker, S., Ma, W., Zhao, W., Rong, Y. and Liu, Q. (2023) Novel Phenylalanine-Modified Magnetic Ferroferric
Oxide Nanoparticles for Ciprofloxacin Removal from Aqueous Solution. Journal of Colloid and Interface Science,
632, 345-356. https://doi.org/10.1016/j.jcis.2022.11.067

Zhou, X., Miao, W., Cheng, W., Lin, H., Li, J., Zheng, H., Cheng, Q., Wang, R., Yao, C. and Liu, X. (2023) One-Step
Solvothermal Synthesis of Poly(Arylene Ether Nitrile) Decorated Magnetic Composite for Methylene Blue Adsorption
from Aqueous Solution. Korean Journal of Chemical Engineering, 40, 1486-1496.
https://doi.org/10.1007/s11814-022-1289-7

Zheng, X., Cheng, J.R., Zhou, S., Cheng, W., Sun, Z., Lu, D. and Wang, Y. (2024) Effect of Plate Teeth Spacing on
Particle Capture in High Intensity Magnetic Separation Adopting Grooved Plates with Elliptic Teeth. Minerals Engi-
neering, 213, Article 108755. https://doi.org/10.1016/j.mineng.2024.108755

Liu, X., Liu, T. and Wang, P. (2024) Ultrasound Enhances the Removal of V5* in Wastewater by Ball-Milled Ze-
ro-Valent Iron: Effects and Mechanisms. Journal of Water Process Engineering, 63, Article 105441.
https://doi.org/10.1016/j.jwpe.2024.105441

Liu, X., Tu, Y., Liu, S., Liu, K., Zhang, L., Li, G. and Xu, Z. (2021) Adsorption of Ammonia Nitrogen and Phenol onto
the Lignite Surface: An Experimental and Molecular Dynamics Simulation Study. Journal of Hazardous Materials,
416, Article 125966. https://doi.org/10.1016/j.jhazmat.2021.125966

Cervetiansky, L., Mihal’, M. and Marko$, J. (2019) Modeling of 2-Phenylethanol Adsorption onto Polymeric Resin
from Aqueous Solution: Intraparticle Diffusion Evaluation and Dynamic Fixed Bed Adsorption. Chemical Engineering
Research and Design, 147, 292-304. https://doi.org/10.1016/j.cherd.2019.04.042

Li, Y., Liu, Z., Gao, B., Mao, L., Xie, Z., Han, H., Duan, D., Fu, H. and Kamali, A.R. (2024) RGO/ZIF-8 Aerogel for
Effective Removal of Malachite Green from Wastewater. Langmuir, 40, 12553-12564.
https://doi.org/10.1021/acs.langmuir.4c01002

Lo, F.F., Kow, K.-W., et al. (2021) Effect of Magnetic Field on Nano-Magnetite Composite Exhibits in lon-Adsorption.
Science of the Total Environment, 780, Article 146337.
https://doi.org/10.1016/j.scitotenv.2021.146337

Li, N., Tian, Y., et al. (2018) Ultrafast Selective Capture of Phosphorus from Sewage by 3D Fe304@Zn0O via Weak
Magnetic Field Enhanced Adsorption. Chemical Engineering Journal, 341, 289-297.
https://doi.org/10.1016/j.cej.2018.02.029

Liu, C., Ju, W., Wang, Y., Dong, S., Li, X,, Fan, X. and Wang, S. (2024) Magnetic Field-Assisted Adsorption of Phos-
phate on Biochar Loading Amorphous Zr-Ce (Carbonate) Oxide Composite. Environmental Research, 252, Article
119058. https://doi.org/10.1016/j.envres.2024.119058

DOI: 10.12677/hjcet.2024.144030 297 e TREEHA


https://doi.org/10.12677/hjcet.2024.144030
https://doi.org/10.1016/j.ecoenv.2024.116376
https://doi.org/10.1007/s11274-017-2332-4
https://doi.org/10.1016/j.cep.2022.109140
https://doi.org/10.1016/j.chemosphere.2021.131284
https://doi.org/10.1016/j.jhazmat.2020.124846
https://doi.org/10.1016/j.jhazmat.2020.124846
https://doi.org/10.1016/j.apsusc.2017.09.119
https://doi.org/10.1016/j.jcis.2022.11.067
https://doi.org/10.1007/s11814-022-1289-7
https://doi.org/10.1016/j.mineng.2024.108755
https://doi.org/10.1016/j.jwpe.2024.105441
https://doi.org/10.1016/j.jhazmat.2021.125966
https://doi.org/10.1016/j.cherd.2019.04.042
https://doi.org/10.1021/acs.langmuir.4c01002
https://doi.org/10.1016/j.scitotenv.2021.146337
https://doi.org/10.1016/j.cej.2018.02.029
https://doi.org/10.1016/j.envres.2024.119058

	磁场作用对磁性活性炭吸附性能的影响规律
	摘  要
	关键词
	Influence Law of Magnetic Field Effect on the Adsorption Performance of Magnetic Activated Carbon
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 试剂与仪器
	2.2. 磁性活性炭的制备
	2.3. 吸附实验

	3. 结果与讨论
	3.1. 吸附剂的结构表征
	3.2. 外加磁场对Fe3O4@AC吸附性能的影响
	3.2.1. 磁场对吸附性能的影响
	3.2.2. 磁场强度对吸附性能的影响
	3.2.3. 磁场作用下，溶液pH对吸附性能的影响
	3.2.4. 磁场对存阴离子对Fe3O4@AC吸附性能的影响
	3.2.5. 磁场作用下，初始浓度对吸Fe3O4@AC附性能的影响及等温吸附模型

	3.3. 磁场与无磁场作用下的吸附动力学模拟

	4. 结论
	基金项目
	参考文献

