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Table 1 BET analysis of the CGS-HCP
* j‘ *—l» SBZET Dave szicro Vt(;tal Vm';rco
(m’/g) (nm) (m7/g) (cmYg) (cm7g)
CGS-HCP  525.06  3.38  299.26 0.44 0.16
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Fig.9 Kinetic models (a) quasi-primary kinetic model (b)
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Table 3 PFO and PSO kinetic model fitting parameters
pseudo first-order 1574
dio/(mg/g) Ky/min R g,/ (mg/g) Kymin'  R?
1.11 0.04 0.94 10.39 0.11 0.99

pseudo second-order 7

*4 IPD HHFREMEGSH
Table 4 IPD kinetic model fit parameters

Kt]/min'1 C, Rl2 Ktz/min'l C, Rz2

0.34 9.48 0.99 0.08 10.55 0.99

WHot. @l K, 5 UT IR (B 10D ,

A7, I FLR B R AR IR I B i B Ak B 2 3 5o [+
I, AH® A1 AS® W N e, RHTIZIE PN & T A

3 4% #

(D RAERRERSETTE, BRRLE
BER R B A YR L1538 CGS, H:HE 1E A BL A
FDA FIfEH N5 CGS %2 Bk #3 £ CGS-HCP. XI5
A ML CGS-HCP #E417— RFIIERAE (SEM. FT-
IR. BET. XPS) Zr#r, WEsE T R & # kK CGS-
HCP [(J EL R FA A3k 525.06 m¥/g, F A BHF AL
TN, H 2 AL 25 A7 AR DR & 10 200 B o A
IRIR, KK A H 2R By B AR5 R B

(2) f£25°CF, ZRMERET AR, K



.800

W E A

2025 4

ATF H R A2, Langmuir 55 35 W% B 26 301 &
CGS-HCP X 2 Wy £ KW Bt Eik 2 29.438 mg/g, iiF
] CGS-HCP X Ay B A R i1 EBR R .

(3) GEEWIsh 2. RIS T 450
RAEBEAT 8, KBy 4 7l LB HERR DL K o 7
)4 I 19 B E CGS-HCP ARG LA 5 F,
JUE P 350 940 X B R AL 4 ) A T 2 T 194 A 12 32 [
72 W e 5 = 2 i A

& Wk

(1] 45 A ME o 45 [ 55 i 2 T R 7K A B AR R F 9 ik
] A THEAR S K, 2024, 53(Z1):92-98

WANG T, YANG P H, CHU C T, et al. Research progress of
high phenol containing wastewater treatment technology[J].
Chemical Technology and Development, 2024, 53(Z1):92-98.
(2] XA 5 5 By R K Ak BE 5 R BE T (D) A Skt 5
H2018,43(9):111- 114.

LIU J Q. Research on phenol-containing wastewater treatment
technology[J]. Environmental Sciences and Management,
2018,43(9):111- 114.

[3] SRESAR, 38, 00,5 5 R /K AL BEHOR AT FEt f [T]. 24
AL, 2021, 50(9):2206-2210.

QIANG Z L, WANG L, WU D, et al. Research progress of
phenol wastewater treatment technology[J]. Contemporary
Chemical Industry, 2021, 50(9):2206-2210.

[4] Zango Z U, Sambudi N S, Jumbri K, et al. An overview and
evaluation of highly porous adsorbent materials for polycyclic
aromatic removal  from
wastewater[J]. Water, 2020, 12(10):2921.

[5] Cifuentes-Cabezas M, Carbonell-Alcaina C, Vincent-Vela

hydrocarbons and  phenols

M C, et al. Comparison of different ultrafiltration membranes
as first step for the recovery of phenolic compounds from olive-
oil washing wastewater[J]. Process Safety and Environmental
Protection, 2021, 149:724-734.

[6] Mohamed A, Yousef S, Nasser W S, et al. Rapid
photocatalytic degradation of phenol from water using
composite nanofibers under UV[J]. Environmental Sciences
Europe, 2020, 32:1-8.

[7] Panigrahy N, Priyadarshini A, Sahoo M M, et al. A
comprehensive review on eco-toxicity and biodegradation of
phenolics: outlook[J].
Environmental Technology & Innovation, 2022, 27:102423.

[8] Franco D S, Georgin J, Netto M S, et al. Highly effective

Recent progress and future

adsorption of synthetic phenol effluent by a novel activated

carbon prepared from fruit wastes of the Ceiba speciosa forest
species[J]. Journal of Environmental Chemical Engineering,
2021, 9(5):105927.

(9] W SR, MMBHE, R, 55, v M K Y BEIR AL b P4
ARBFFERE (1], A7 TR, 2024, 43(8):1-7.

PAN Y C, YANG P H,CHU C T, et al. Research progress on
resource treatment technology of high phenol-containing
wastewater[J]. Petrochemical application, 2024, 43(8):1-7.

[10] P 7= AR L. Jz i) W5 B Ak 24 5 Py IR K ) e i 77 v
Wi B R A WF T E R (D). 3A 8 fR 47 5 08 26 22 5F, 2016,
36(2):33-37+68.

SUN X Y, SHAO H. Research progress on modification
method and adsorption law of bentonite adsorption treatment of
phenol-containing wastewater[J]. Environmental protection and
circular economy, 2016, 36(2):33-37+68.

[11] Tri N L M, Thang P Q, Van Tan L, et al. Removal of
phenolic compounds from wastewaters by using synthesized
Fe-nano zeolite[J]. Journal of Water Process Engineering,
2020, 33:101070.

[12] De Farias M B, Prediger P, Vieira M G A. Conventional
and green-synthesized nanomaterials applied for the adsorption
and/or degradation of phenol: A recent overview[J]. Journal of
Cleaner Production, 2022, 367:132980.

[13] Tkfg, Budtde, knda, . AR 4RO ORI 5 1t 22 R
FAREFE(T]. 4RAN3E 4R, 2024, 43(2):1-4

ZHANG J, YAN J H, YANG H L, et al. Modification and
application of fiber particle filler[J]. Paper and Papermaking,
2024, 43(2):1-4.

[14] Karamipour A, Parsi P K, Zahedi P, et al. Using Fe,;0,-
coated nanofibers based on cellulose acetate/chitosan for
adsorption of Cr (VI), Ni (II) and phenol from aqueous
solutions[J]. International Journal of Biological
Macromolecules, 2020, 154:1132-1139.

[15] GUO M, WANG J, ZHANG C, et al. Cellulose-based
thermosensitive supramolecular hydrogel for phenol removal
from polluted water[J]. Environmental Research, 2022,
214:113863.

[16] Mt Ak WAL 48, /N T 55 A A o3 W BRF 7K o s B4 0 1
B AL ERRT 2R 85 KUK (9], 000k K &b 3 ,2023,43(12):1- 13.
ZANG J Q.YANG C X,WANG X N, et al. Performance,
mechanism and environmental risks of biochar adsorption of
pollutants in  water[J]. Industrial Water Treatment,
2023,43(12):1-13.

[17] QIAO L, LI S, L1'Y, et al. Fabrication of superporous


https://doi.org/10.3969/j.issn.1671-9905.2024.01.018
https://doi.org/10.3969/j.issn.1671-9905.2024.01.018
https://doi.org/10.3969/j.issn.1671-0460.2021.09.042
https://doi.org/10.3969/j.issn.1671-0460.2021.09.042
https://doi.org/10.3969/j.issn.1671-0460.2021.09.042
https://doi.org/10.3969/j.issn.1671-0460.2021.09.042
https://doi.org/10.3390/w12102921
https://doi.org/10.1016/j.psep.2021.03.035
https://doi.org/10.1016/j.psep.2021.03.035
https://doi.org/10.1186/s12302-019-0282-1
https://doi.org/10.1186/s12302-019-0282-1
https://doi.org/10.1016/j.jece.2021.105927
https://doi.org/10.3969/j.issn.1673-5285.2024.08.001
https://doi.org/10.3969/j.issn.1673-5285.2024.08.001
https://doi.org/10.3969/j.issn.1674-1021.2016.02.011
https://doi.org/10.3969/j.issn.1674-1021.2016.02.011
https://doi.org/10.3969/j.issn.1674-1021.2016.02.011
https://doi.org/10.1016/j.jwpe.2019.101070
https://doi.org/10.1016/j.jclepro.2022.132980
https://doi.org/10.1016/j.jclepro.2022.132980
https://doi.org/10.1016/j.ijbiomac.2019.11.058
https://doi.org/10.1016/j.ijbiomac.2019.11.058
https://doi.org/10.1016/j.envres.2022.113863

3
2025 4 6 A

I AR A4 A TR AR RS 60 ) & A B 3T K B R I ALIE AR A

81

cellulose beads via enhanced inner cross-linked linkages for
high efficient adsorption of heavy metal ions[J]. Journal of
Cleaner Production, 2020, 253:120017.

[18] LIU Y, LI L, DUAN Z, et al. Chitosan modified nitrogen-
doped porous carbon composite as a highly-efficient adsorbent
for phenolic pollutants removal[J]. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 2021, 610:125728.
[19] BRT°, EWEAR, RTAT. iSRS AR & 5 S8 E
S0t LA 9 [T 457K 4K, 2022, 58(S2):230-240.
CHEN N, WANG X D, WU Y H. Study on the law of variables
and parameters of activated sludge model and its improved
application[J]. Water Supply and Drainage, 2022, 58(S2):230-
240.

[20] Langmuir 1. The adsorption of gases on plane surfaces of
glass, mica and platinum[J]. Journal of the American Chemical
Society, 1918, 40(9):1361-1403.

[21] Freundlich H. Uber die adsorption in ldsungen[J].
Zeitschrift fiir physikalische Chemie, 1907, 57(1):385-470.

[22] Mamchenko A V. Model of intradiffusional kinetics of
adsorption on active carbons[J]. Theoretical and Experimental
Chemistry, 1986, 22(1):70-74.

[23] Deng Y, Wang X, Lynch I, et al. Homogeneous dispersion
of amorphous nanoscale zero-valent iron supported on
chlorella-derived biochar: In-situ synthesis and application
mechanism for Cr (VI) removal over a wide pH range[J].
Separation and Purification Technology, 2024, 330:125207.
[24] Lagergren, S. Zur theorie der sogenannten adsorption
geloster stoffe[J]. Kungliga Svenska Vetenskapsakademiens
Handlingar, 1898, 24:1-39.

[25] HO Y S, MCKAY G, Pseudo-second order model for
sorption processes[J]. Process Biochemistry, 1999,34:451-465.
[26] Liang L, Guo Y, Wang H, et al. Study on plasma -
modified corn stover - humic acid - based superabsorbent
resin[J]. Journal of Applied Polymer Science, 2023,
140(5):e53390.

[27] E56W W& 2 00 8. RO R 3 2 2 5
THHEAA D] K7, 2021, 36(2):233-240

WANG W T,CHEN X L,YANG B Q. Introduction to the
calculation of thermodynamic parameters of adsorption of
solids in the liquid phase[J]. University Chemistry, 2021,

36(2):233-240.

Synthesis of a Cellulose-based Highly Cross-linked Adsorption Resin and
its Mechanism for Phenol Adsorption

WANG Yiyu'?, LIANG Jingdong'?, ZHANG Yunwei'?, TAN Jinyu'?*, HU Qingli'?, ZHANG Yan'”
(1.School of Chemistry and Chemical Engineering, Yulin University, Yulin, Shaanxi 719000, China; 2.Yulin
Engineering Research Center of Coal Chemical Wastewater, Yulin, Shaanxi 719000, China)
Abstract: With cellulose and styrene as raw materials, cellulose grafted styrene hypercross-linked polymer
adsorption resin (CGS-HCP) was prepared by the grafting polymerization-diplomatic coupling two-step
method. The pore structure and surface chemical properties of the materials before and after preparation were
analyzed by BET, XPS, FTIR, SEM and other characterization methods. In addition, the adsorption
performance of CGS-HCP for phenol was investigated. The results show that the prepared CGS-HCP has
abundant micropores and mesopores, with an average pore size of 3.38 nm and a specific surface area of
525.06 m?%g. Compared with the original cellulose powder CGS-HCP, a large number of benzene ring
groups and oxygen-containing functional groups were introduced to further enhance the adsorption of phenol
by CGS-HCP. The kinetic and thermodynamic analysis of the phenol adsorption experiment showed that the
adsorption process was spontaneous, exothermic and entropy reduction. The maximum adsorption capacity
of CGS-HCP for phenol reached 29.438 mg/g, which proved that CGS-HCP had a good removal effect on
phenol. The large number of meso-microporous structures inside the resin and the memory groups on the

surface of the resin was the main reasons for the strong adsorption.
Keywords: cellulose; high crosslinked adsorption resin; microstructure; adsorption mechanism
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