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Fig. 1 Standard concentration curve of RhB.
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Table 1 Preparation schemes of different monomers and
catalyst combinations.

Sample Phenols Aldehydes Catalyst
a HQ POM KOH
b HQ PA KOH
c HQ PA NaOH
d HQ PA NH;-H,0
e HQ PA HCI
f HQ TEX HCI
g P TEX HCI
h BPA TEX HCI
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Fig. 2 Optical microscope images of samples as listed in Table 1: (a) sample a; (b) sample b; (c) sample c; (d) sample d;

(e) sample e; (f) sample f; (g) sample g; (h) sample h.
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Fig. 3 Schematic diagram of the polycondensation reaction of LS, HQ and TEX under acidic conditions.
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Fig. 4 Optical microscope images of samples in different solvents: (a) water; (b) 25 wt% EG aq; (c) 45 wt% EG agq; (d) 65 wt%

EG aq; (e) 85 wt% EG aq.
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Fig. 5 Optical microscope images of samples at different dosages of dispersion stabilizers: (a) 0.010 wt%; (b) 0.015 wt%;

(c) 0.025 wt%; (d) 0.035 wt%; (€) 0.050 wt%.
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Fig. 6 The influence of the input amount of LS on the resin
structure.
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Fig. 7 Optical microscope image with different feed ratios:
(@) m(LS)/m(HQ)=1; (b) m(LS)/m(HQ)=2; (c) m(LSym(HQ)=
3; (d) m(LS)/m(HQ)=4.
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Table 2 The influence of aldehyde dosage on the adsorption
performance of resin.

HQ/TEX HQ/LS Yield 0.
(molar ratio) (mass ratio) (%) (mg-g™)
12 1/3 74 2215
1/3 1/3 75 1865
1/4 1/3 64 1753
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Table 3 The influence of solvent dosage on resin.

Solvent usage (mass Yield Moisture 0.
multiples of solid monomer) (%) content (%) (mg'g™')
0.8 72 58 1697
1.2 73 65 1769
1.6 70 72 2165

2.0 - - -
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Fig. 8 FTIR spectra of LS (a) and LSHT (b).
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Fig. 9 SEM images of the appearance and interior structure of LSHT resin: (a) appearance; (b, c¢) interior morphologies;
(d) cross-section; (e) EDS mapping image of S element in the cross-section.
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Fig. 10 (a) N, sorption isotherms of LSHT; (b) Pore size
distribution curves of LSHT.
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Fig. 11 The influence of solution concentration on the
adsorption capacity of LSHT.
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Fig. 12 The influence of pH of the adsorption solution on
the adsorption capacity of LSHT.
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Table 4 The structural characteristics and adsorption
performance of four types of resins.
. Swelling SBET Functionality 0.
Resin .
ratio (m?>g)  (mmol-g™) (mg-g™h)
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D072 1.3 11 24.20 1502
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Fig. 13 Adsorption kinetics curves of LSHT and D072 resin.

XPHALARFEE BT AR B A e B
NKACERRIL) S D072 (R 3L & #:>4.2 mmol-g ™)
AT, YRR PR AL AR AR, (HBE R 5
R0 T3 B A I AE RhB W B 3 7 o ) B2 Ak
N RS T, HF S R b e
WP HE R E SN Al E,
LSHT(fiff R 3 & §:>1.24 mmol-g ) ) W B 2 ize it
TR L & B = (R DO72 M HE,  H AL iR B 11
W i 2850 2 S 25 T v . 3R 4 P R i B B WL I
BT IR NS BRSMEWARFRR, ATigE
F| LSHT ¥ fig i % ik tk 9 & % T D072 # flig .

LSHT W iz 2z it LA I HA 5 s A s T b A BEAR 1Y
Wt RE, YRTIBRARR A ARE s  iE i
P 240 5 S i) 4%, FLEE AR e AR R ) A e 2
SRR A B, R a R mEFEER
Myl MEIRARSESR/KIE], RIS 5RI5EK
PE LSRRV B 1Y 5 3E TR IR AE KV R TR T
K, (ERA FHFLEEEEIEET K, WA T
W Bt 5T 5 4 B AR, IX 5 LSHT Bl 5
0 FRT W B 12 i T i R 4 W I . 485 6 I T pH X I
B 52 PRS2 M) £ SR 45 3 73 A, LSHT 4 RhB 8
1o R A A BRI o AR 2 R B AR FH B [ 8 2 5
B, HTRERINLEELHE: W ) RhB 4 LSHT
B SR b ) 2 A e O i rR I S R S A R R A
AR5 W R R THI AR P 2 RN 2 P B 43 ) ) S B A
F: RhB 715 Wy I I B 4255 25 24 18] 1Y) - A
AR . &S K 2 6] ) n-o A5 B AE
FABY; WRE B E B AE M FLIE A R T %
PR BEMLE R PRV RIE A s n = B W 14 Fros .
25 b, LSHT H &R HPERRIR T B & &
TR BB R AR AR EE R AT LS S P RS e Th g
& — P [ 28 e AR B 5D

L]
G —> Abundant
g7 pores

Electrostatic interaction  |Eaaess
and ion exchange

Fig. 14 Schematic diagram of the adsorption mechanism of
RhB by LSHT.
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Research Article

Preparation of Spherical Lignin-sulfoacid Phenolic Resin and Its Adsorption

Performance for Rhodamine B

Tao He, Da-zheng Wang, Chun-hong Wang”
(Institute of Polymer Chemistry, School of Chemistry, Key Laboratory of Functional Polymer Materials of the
Ministry of Education, Nankai University, Tianjin 300071)

Abstract Addressing the dual demands of alkaline dye wastewater treatment and high-value utilization of lignin,

this

study proposes a one-step suspension polymerization method for the preparation of spherical sodium

lignosulfonate-phenolic resin-based adsorbents. By optimizing the polymerization process, adjusting the dosage

of sodium lignosulfonate, cross-linking agent, and solvent, the regulation of resin sphericity and adsorption

capacity under a relatively high lignin dosage was achieved. Sulfonic acid groups were introduced as adsorption

sites through in situ polymerization, which effectively eliminated the need for additional modification steps and
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enabled the retention of a high density (>1.24 mmol-g~!) of sulfonic acid groups with uniform distribution.
Adsorption experiments demonstrated that the designed spherical sodium lignosulfonate-phenolic resin-based
adsorbents exhibited excellent adsorption capacity for the alkaline dye rhodamine B over a wide pH range, with a
maximum adsorption capacity of up to 2156 mg-g~!. This value far exceeded that of the widely used commercial
macroporous strong acid resin D072 (1502 mg-g™"). The discussion of the results indicated that the adsorption
mechanism of rhodamine B was mainly attributed to ion exchange, hydrophobic effect and hydrogen bonding,
and the abundant pore structure was conducive to the synergistic effect of various adsorption mechanisms. This
research provides an important reference for the development and design of high-performance and practical
lignin-based phenolic resin adsorbents in the field of basic dye wastewater treatment, and at the same time
contributes to the high-value conversion of lignin, a renewable biomass resource.
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