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Abstract: A new type of rosin-based adsorption resin (RBAR) was synthesized using divinylbenzene as a cross-linker and hydrogenated
rosin (f-acryloxylethyl) ester and methacrylic acid as functional monomers. The RBAR was characterized by FT-IR, TGA, particle size analysis,
SEM, and N, adsorption—desorption isotherm analysis. Moreover, the adsorption of RBAR for Panax notoginseng saponins (PNS) was also
examined. The results showed that RBAR had good thermal stability, uniform particle size distribution, a regular spherical shape, a relatively
high specific surface area (563.37 m?g), and a highly micro/mesoporous structure. Moreover, RBAR exhibited a high adsorption capacity
(127.97 mg/g) for PNS under the following conditions: initial concentration of 6 mg/mL, temperature of 328 K, a solid-liquid ratio of
0.046 g/mL, and adsorption time of 180 min. The resin can be regenerated with 70% ethanol; after being reused ten times, the adsorption rate
remained >97%. Under optimal conditions, the PNS mass fraction increased from 46% to 80% following purification by RBAR. Additionally,
RBAR exhibited better desorption and purification than commercial resin D101. Through adsorption kinetics, isotherm evaluation,
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thermodynamic model fitting, and pore structure characterization, the adsorption mechanism of RBAR for PNS was explored. The mass transfer
process was primarily controlled via liquid film diffusion, conforming to the pseudo-first-order kinetics. Furthermore, the adsorption isotherms
conformed to the Freundlich isotherm model, and the adsorption mechanism comprised heterogeneous multilayer physical adsorption. More

specifically, hydrophobic interactions, hydrogen bonding, and pore filling collectively contribute to the driving force behind the adsorption of

PNS. These findings offer a theoretical foundation for developing new PNS purification technologies.
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Fig.10 Dynamic models fitting for PNS adsorption by RBAR
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18.86 kJ/mol, FTLATE 298 K il 328 K [ MR #id F2 3 FEARIMRZ K731, NIRRT L A
HB T3 I TE . ASY>0 5B B R R AL (R AR, #0772 B U] RBAR WL PNS 32K
ey, B RBAR Wt PNS [1[FIFPRE T K& T AT
#< 1 RBAR RS PNS BN FIERISH
Table 1 Parameters of kinetic model for PNS adsorption onto RBAR
#1467 = R E/(mg/mL)

2 J) AR O
5 6 7
Oco/(mg/g)  110.73£0.32  127.97+0.09  151.35+0.08

0. 108.67 125.30 147.16

BE—RHF Ky/(1/min) 2.68x107 2.74x107 2.54x107
Ry 0.991 0.988 0.995
SSE 104.32 181.06 32435
0. 125.59 144.26 171.13

o Kz/[g/(rzlgmin)] 2.79x10™ 2.52x10™ 1.91x10™
Ry 0.998 0.998 0.998
SSE 19.33 28.47 3831
ki/[mg/(g-min®)] 8.79 9.76 11.08
G 14.62 20.38 23.64
Ry 0.991 0.995 0.991
ko/[mg/(g-min®’)] 3.25 3.78 5.07
Weber-Mirror 211 ? 66.99 76.79 80.78
Ry 0.965 0.974 0.995

ky/[mg/(g-min®’)] 0.96 1.11 2.05

G 95.80 110.86 119.85
Ry 0.824 0.986 0.977
R; 0.868 0.841 0.844

R/(1/min) 2.14x107 2.07x10™ 1.80x107
Boyd 7&JEY HAEA b, 0.144 0.193 0.234
Ry 0.997 0.997 0.996

Dy/(cm®/min) 1.34x10° 1.37x10° 1.24x10°
Boyd #UkL P 4 AR b, -0.215 -0.253 -0.241
Ry 0.966 0.973 0.949

#< 2 Freund!ich F Langmuir IXMIZERLEIELL NG S H
Table 2 Parameters for the adsorption isotherms fitted by Freundlich and Langmuir isotherm models in nonlinear method

) GuitF Ak
ZAGE S il AR Ak > >
SSE R Ry
Freundlich Ki=143.27 L""mg""/g; n=8.04 1341 09970  0.996 6

Langmuir 0,=363.21 mg/g; K;=0.029 L/mg  419.34 09065  0.8932

7 3 RBAR IR PNS HISRIIESE
Table 3 Thermodynamic parameters of the PNS adsorption by RBAR

AGY/(kJ/mol
R’ AH/(KI/mol)  ASY[I/(mol-K)] ¢ )
298 308 318 328
0.982 18.86 102.10 -11.54 -12.56 -13.76 -14.53
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Fig.11 (a) Freundlich and Langmuir adsorption isotherms and (b) plot of InK versus 1/T for adsorptionof PNS onto RBAR
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Fig.12 (a) N, adsorption-desorption isotherms and (b) pore size distributions of RBAR with different adsorption capacity

244 BUATEILLE M AT

Bl 12a H RBAR U0 Bt R 45 L 28 R B
% PNS W (R, AN /7 0.8 BLR BB FIAUS
W B 555 BH SR D (R R BRI O R (380 mg/g) HHIR
THRAT R, S IER A fLIEE. B 12b LR
AR L, el D IS LR A FLAR R AT i
I FIFE, PNS HIR P EZR AN 5 nm (1L L,
ety A U Tl M T E 2 YO E =1 o T Bt (W
) IR B SR A, AT R 2E T LB Ak 1,

3 ZHig

PL FT-IR. TG. Kife. SEM FIGUS R P -l 5
&S T, UiEH RBAR BA RF G ENE. $5—0)
WURLREAE AR BRIE . B ) U R AN 1)
A FLEER .

T8 RBAR X PNS (15 AW B SE56, $46 RBAR
% PNS f4fifh 21k, RBAR ¥ PNS FHIZWI s 2
R BLIM 46%FETHE] 80%. RBAR 7E PNS #4h
JREWRE 6 mg/mL, R 328K, [EREL 0.046 g/mL,
W A (] 180 min ', “PIR B 127.97 mg/g, Wfft
H9T%LAE, 70% (BRADHED CREEA R/
AR, EEEHMELD, Rk AE D101 A E L1
fR NS IR

210

e 4 A N S N WA L Btk Yy
ANSLEEFIRAART L LB . W B A A v —
RN, ERMBIEY B PR, RN ARR
ZEAT 4 Freundlich FE7E; WRNHLEEAF SRR Z 2
BRI, R g ] SR E AL
SHFE RS IR AR UK B 77 o

A LK

XISk ZE TR R, 55, = LR 0t J S L Bod e
PITI 53 (0] 1 5 24,2021,52(9):2733-2745.

T2, 6,5 =B R R A LG B T
BERE[I]. 1 52,2015,46(9):1381-1392.

XIA Pengguo, GUO Hongbo, RU Mei, et al. Accumulation

(1

(2]

B3]
of saponins in Panax notoginseng during its growing seasons
[J]. Industrial Crops and Products, 2017, 104: 287-292.

LIU Fang, MA Ni, XIA Fangbo, et al. Preparative separation
of minor saponins from Panax notoginseng leaves using
biotransformation, macroporous resins, and preparative
high-performance liquid chromatography [J]. Journal of

Ginseng Research, 2019, 43(1): 105-115.
[5] LI Yanwei, GUO Qingwan, HUANG Junqging, et al.

Antidepressant active ingredients from Chinese traditional

herb Panax notoginseng: A pharmacological mechanism



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.10

(6]

(11]

[12]

[16]

review [J]. Frontiers in Pharmacology, 2022, 13: 922337.
XIE Wenbo, LI Hao, SUN Yao, et al. Separating and
purifying of Panax notoginseng saponins using a rosin-based
polymer-bonded with silica as a high-performance liquid
chromatography stationary phase [J]. Microchemical Journal,
2022, 176: 107234.

Peng Ming, Yi Ya X, Zhang Tong, et al. Stereoisomers of
saponins in Panax notoginseng (Sanqgi): A review [J].
Frontiers in Pharmacology 2018, 9: 188.

FIA, T e ARG I =L SRR AE Y B AR %
YBE[I] G T KB 241,2021,40(5):325-328.

B RS 75 55 = BRI =B R A i 2l
WL ZHT T L PYERARLR#2741%,2006,37(6):613-615.
MATEE, ki, 2 0,55 =L S R I AL ARZEL T2
I & 5255,2015,17(3):156-161.

FE T, RAKGHE MR, 45 =B R R IR ORI B a2k
TERRE S A[T]. 5 2,2012,43(11):2177-2182.
WRR R, SLAR T, It o e, 5. S AR P FLIR AR AR X =62
T2 B A b 72 [0]. Hr B 24,2003,34(10):44-46.

SRR, X, ERAAE, A8 [ B TS B R AL = LR e
BB ) W [T] R HOR 5 T AE,2017,17(31):199-203.
A, BB B, RIS, S AN BRI 7SR R I ) 2
T R Bl 2 o g € 2 PR PR P [0 B A it e,
2022,38(10):1-12.

LI Pengfei, QIN Liting, WANG Ting, et al. Preparation and
rosin-based

adsorption  characteristics ~ of

polymer
microspheres for berberine hydrochloride and separation of
total alkaloids from coptidis rhizoma [J]. Chemical
Engineering Journal, 2020, 392: 123707.

LI Pengfei, WANG Ting, LEI Fuhou, et al. Preparation and
evaluation of paclitaxel-imprinted polymers with a
crosslinker as the

rosin-based stationary phase in

high-performance liquid chromatography [J]. Journal of
Chromatography A, 2017, 1502: 30-37.

LI Hao, XIE Wenbo, ZENG Lei, et al. Development and
evaluation of a hydrogenated rosin (beta-acryloxyl ethyl)
ester-bonded silica stationary phase for high-performance
liquid chromatography separation of paclitaxel from yew
bark [J]. Journal of Chromatography A, 2022, 1665: 462815.

SUN Yao, LI Pengfei, WANG Ting, et al. Alkaloid
purification using rosin-based polymer-bonded silica
stationary phase in HPLC [J]. Journal of Separation Science,
2019, 42(24): 3646-3652.

T, B A S U B AR RO
i ] K A 0 1) B HR =B R 4 B[] 11,2022,

[20]

[21]

[22]

[23]

[24]

[26]

(28]

[29]

[30]

[31]

[32]

[33]

40(3):234-241.

ST, SO, 2R3, S 5T SiO 2@AR B B 4 T
RICIBAE] 28 AT R 1] 8 B X SR o3 B8 4l Ak [T] 4R =4k
25 TP,2021,41(6):67-75.

WANG Ting, LI SUN  Yao, et al

with

Pengfei,
Camptothecin-imprinted ~ polymer  microspheres
rosin-based cross-linker for separation of camptothecin from
Camptotheca acuminata fruit [J]. Separation and Purification
Technology, 2020, 234: 116085.

AT, B g, M R 5 R A R LR B A =B A
S R BRI TE[T]. B Tk ARH,2022,43(4):1-15.
WANG Jianlong, GUO Xuan. Adsorption kinetic models:
physical meanings, applications, and solving methods [J].
Journal of Hazardous Materials, 2020, 390: 122156.

Boyd G E, Adamson A W, Myers L S. The exchange
adsorption of ions from aqueous solutions by organic zeolites.
II. kinetics [J]. Journal of the American Chemical Society,
1947, 69(11): 2836-2848.

Viegas Rui M C, Campinas Margarida, Costa Helena, et al.
How do the HSDM and Boyd’s model compare for
estimating intraparticle diffusion coefficients in adsorption
processes [J]. Adsorption, 2014, 20: 737-746.

WANG lJianlong, GUO Xuan. Adsorption isotherm models:
classification, physical meaning, application and solving
method [J]. Chemosphere, 2020, 258: 127279.

CHEN Tao, DA Tianxing, MA Yan. Reasonable calculation
of the thermodynamic parameters from adsorption
equilibrium constant [J]. Journal of Molecular Liquids, 2021,
322:114980.

RREHN, £ AR ER0RIL, 55 S AT IR B IR S ek )
FFNRAE[T.ThRER #],2016,47(1):1023-1027.

FU Fei, SHEN Minggui, WANG Dan, et al. A rosin-based
dielectric polymer with intrinsic low dielectric constant and
comprehensively excellent properties [J]. Journal of Materials
Chemistry C, 2021, 9(38): 13144-13156.

LIU Pin, LIU Xiongmin, Saburi Tei, et al. Thermal stability
evaluation of resin acids and rosin modified resins [J]. ACS
Omega, 2020, 5(45): 29102-29109.

XIE Weidi, YAN Qiming, FU Heqing. Study on novel
rosin-based polyurethane reactive hot melt adhesive [J].
Polymers 2021, 32(11):
4415-4423.

VU 2 5, 2R, Sy bR S DR SRR 0 B 2 FLIR B 5 Fy o
FLAEII FE[]. R AR A 2 244, 2002,8:1622-1626.

Sing K S W, Everett D H, Haul R A W, et al. Reporting

for Advanced Technologies,

211



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.10

[40]

212

physisorption data for gas/solid systems with special
reference to the determination of surface area and porosity
(Recommendations 1984) [J]. Pure and Applied Chemistry,
1985, 57(4): 603-619.

GUO Liyun, LU Haiqin, Rackemann Darryn, et al.
Quaternary ammonium-functionalized magnetic chitosan
microspheres as an effective green adsorbent to remove
high-molecular-weight invert sugar alkaline degradation
products (HISADPs) [J]. Chemical Engineering Journal,
2021, 416: 129084.

N0 HEIN, B S P I CEu e I e R A €
FACTALIRARAT[T]. £ W R1,2022,43(16):53-60.

LIN Jianwei, ZHAN Yanhui. Adsorption of humic acid from
aqueous solution onto unmodified and surfactant-modified
chitosan/zeolite composites [J].

Journal, 2012, 200-202: 202-213.

Chemical Engineering

Lizethly Caceres-Jensen, Jorge Rodriguez-Becerra, Mauricio

Escudey, et al. Nicosulfuron sorption kinetics and
sorption/desorption on volcanic ash-derived soils: Proposal of
sorption and transport mechanisms [J]. Journal of Hazardous
Materials, 2020, 385(5): 121576.

‘Wu Fengchin, Tseng Ruling, Juang Rueyshin. Initial behavior
of intraparticle diffusion model used in the description of
adsorption kinetics [J]. Chemical Engineering Journal, 2009,
153: 1-8.

WANG Xuekai, WANG Jinshu, DU Yucheng, et al. A
diatomite-template self-sacrificing route for Mg-chlorite and
its adsorption behavior towards Pb(II)/Cd(Il) [J]. Surfaces
and Interfaces, 2022, 29: 101775.

Lizethly Caceres-Jensen, Jorge Rodriguez-Becerra, Joselyn

Parra-Rivero, et al. Sorption kinetics of diuron on volcanic

[41]

[46]

[47]

[48]

ash derived soils [J]. Journal of Hazardous Materials, 2013,
261: 602-613.

YANG Pingping, HU Xuejiao, TU Yizhou, et al. The
synthesis of a DMpillar[5]arene-based porous polymer with
ultrafast adsorption rate and high adsorption capacity for
organic Chemical
Engineering Journal, 2022, 435: 132418.

SRR IR, T 0, 5. D-101 JKALIR PR I 8 B A 5
SRR RS B J U] 2, 2021,43(10):2779-
2783.

£ H 20, B0 CTMAB-IE L HOK i M SR &)
(O HLEEL- W Y 30 75 2 5 30 5 (9] A B R 272741 ,2005,25
(11):102-108.

FKFTTF X AR, F S 55 s 7 J = I P PRS2 1B SR 54 A
18 A 7K R Ph(TT) Cd( AT Cul 11 AW B AE
L] PR 524R,2022,42(3):162-175.

ZHANG Wei, LI Qian, CONG lJingxiang, et al. Mechanism

micropollutants  from water [J].

analysis of selective adsorption and specific recognition by
molecularly imprinted polymers of ginsenoside Re [J].
Polymers, 2018, 10(2): 216.

HOU lifei, LI Xuede, LI Jie, et al. Enhanced adsorption of
o-phenylphenol on zeolites: a combing pore filling and
hydrophobic effects [J].
Materials, 2020, 294: 109860.

2 o VA R A R 16 22 LI T 20 PR
AR PRHLERLT]. A AR #41%,2020,41(2):284-292.
LIU Shuai, PENG Yue, CHEN Jianjun, et al. A new insight

Microporous and Mesoporous

into adsorption state and mechanism of adsorbates in porous
materials [J]. Journal of Hazardous Materials, 2020, 382:
121103.



