F40% B BT X %5 WM Vol.40, No.1
Ion Exchange and Adsorption Feb., 2024

2024 %2 H

R -

XEHS: 1001-5493(2024)01-0072-09

DOI: 10.16026/j.cnki.iea.2024010072

AU BE IR MHETE SR B MR J1 2 SR 5T
BEA YAN, TE”

(g BRo2 e 2~ e , 1 1 A R 25 AT FE T R E S 2, BV e A DR 2 A E i SR 8 1 571199)

W E: BEAFEI ARSI IR R SRR QB sl J1 2 S22 50, iz ik &4y
BAEI S DIMER | MR N LA TR AR bR, 0 5 A IR R - A R B0 K. 6 R R FLAR g b
i 1 H i al A AL BRAE SRR OR AT 2800 I K ALBR 2R AY T RALAR i i A RRAE SR B R AT
A W o 2y ) 2 AR R S I B AR, R L B A . AR A TR A S, BESE SP-827. SP-207 il
X-5 BURALB g i — 20 58, 3R AR HA REC— AR MR L FE . 0~60 min Sy PRt W B B 60~
360 min > 2218 W BB 360~1080 min S W BT B B . E 8l )2y R RBAR LF ML 3 RS-
(R FLA N X R AL SR BRI BT W B sl g 2l B, VB R 36 2 VR RO 0 PN ™ B ) 5
Langmuir #5754 F1 Freundlich #5764 % BB 4 4 1 4805 W B 45 T 2 Bt 3 A S U 1% LA g X R A 55 2
ROTFETRR AT RAFH W RE , TR RS T DR BB . 8l ) 2R 5 ) S R A R AR
Hu UL A3 3 Fh 2 F I FLAK i Sl AL AR AL SR OK WA A W Bl A, Herp [ 7= B X-5 1T DR AR B it

1A g SP-825 5% SP-207 F] FHRAL 5 BR K L WETT AL 0 4 B AN Ab i o8, R4 BRIE S BR K 2

B I P RE R AT BB

KR BRAESTR, ROBA, RILWHHRNG, WeRshiss:, R

hESEE. 0647 XHFRERD: A

1 8 5

BRIEELER (Callicarpa nudiflora Hook.et Arn.)
N HFERPER SRR E YR, BT RE
MERE . AR TLVRSEH, BAVE R .
i, IEMAEDIRL, FIGMIRTE RGE . Atk
FERVERT A WPIRGE S AGE t o, B0 05 H i
SR, ANRRE. R KAMIH AR, R )
BRI IR b2 T A0 & G 51 AR IR 20
ARG, WRIGE R A Y i A5, B
#2020 fie (e 25 80 fisrt 2, 5 SCHERIRGE
MACR RS H MR, BRI,

* ks B EA:2023-03-30
MBEE M HARFES L4755 813192).
EB N B (1998~), W58 4k .
*BIEEK A A : Email : wangyong1982 2004@163.com

O, WIS, MRS, RS B
G ER RN, BAAKBRAAIIR., b,
PRI Al B S5 2 P,

K OWEH I (PhGs) AR T 2R
W—R &Y, EEAHEMEETB (FB). B
TEEE CEMTFRRE, AS). BBEMLHLE (B4
HTHRRE, TAS) &, XK ABEH RS BE
P brsg. PuboR. Prafe. iy, i
SRICAZ 1S I MO, ) PhGs ] 7 L I N
JE B B ) o A T ZH 2R, TR B R A1
BN AR AFVE D), B e R s 2
SRR R AR R BN FN RS . BRSPS

SIRARST: Wi, 45T, £ . RFLMIR BB AL 22 Bk oR L WEAT 1 8h 12 SR 24 BFSE (0], 85354 B, 2024,

40(1):72-80.

Citation: PAN Zhang-chao,ZOU Ming-ming, WANG Yong. Adsorption Kinetics and Thermodynamics of Phenylethanoid
Glycosides from Callicarpa Nudiflora by Macroporous Resins[J].Ion Exchange and Adsorption,2024,40(1):72-80.



13 R KALM AR MR SR BROR ZREE (N30 0 5 #2205 73

R T e B R S S AR K S B A
RAE B, S B SR WS A2 BRAE 58 PR 535 DA
FEhG ) BEREGRN I 2 —, BACSEBR OGS A A
Fee A A 22 T DR A FH I 24 3800 ot =2 DA S B
TeREE AR IR Ll o0,

BT, AT b 2438 1t B o £ K AL IR
LR HAT N R AR T A B T AR
KR 55) 577 o RALB i W b 50 )
PRI A B R R 43 1 AE KL B A i 2 T
WS B sk 2 A B B AL . VEALRE . R D
bRy FAERURL N 9 BT NS N A . 8
KHUE— KB 15707 R 3 )15 J7 R
UKL N 47 5 77 1 o8 W B ok R kAT LA . K AL
WS o 5 T R B g 2 A 3 L a2 SR
B 23 1 75 B JIg 2 100 IR B 1R I B S iR 2, S5
Langmuir 5 Freundlich S5 A58 4 Wr S8 A5 7 175 K
SR B RE I 2 1 e R B 7 =

o] D) 5 U2 DA B B . MROBR R MR RE
REEEVFOTFR bR, i A R B R I S
N6 T IR LR B A g v s e i 5 A0 08 e PR e v
RZMRALM 2R, mA&IEFED-101 2R AL
WG WA, KA IR D-101 % %%
% Wy (¥ W P 755 45 Freundlich 258 Wt 77 #2,  H
AH<0. AG<0. AS<0: WiBffzhJ)2#mt s a5 Rk
B, Wk AR T HE = e sh i T R R . A
I A B - DK IR - v R 9 W (871, K H
AT LG 23 6 06 SR TE 1 AN [R) T B I 8 W B 45
T 2 FAS 7] S U5 A BE R I IRCB B 77 2 il 42
gf IR 2 WY W B 1 185 B4 £ & Freundlich 77 7%
Lagergren — 238 %% J5 #£ A Dumwald-Wagner fifi;
WA BOTHE, ARME RAF . E % B I 2
WG RE, BT, iR R TR, TR
P 3k = = S e URE A A R

HT R OEE ARG EA Z P i EN,
FON TSR R ok B A HOR R
BN T B L. H AT YR RRAE SR BR R L
H BT R & 7 s AR RO 70 i 5 5 = E
T H AL TZE WD o AR 5T LB S AEHE
H A BEHE & ES AR BERIE Rk 2
ROPBEE S B NHE LRI, AR 2 - 2
RNEEEFHERIRR, Ik Al AR 5K BROR & 1
BRI RN, 8 R AL R 2l A 4R
T6 TR R S W B Bh ) 22 5 ) SR E

NIRRT R LREH R M SA T E
MRS %,

2 LIGERSY

21 MR OFI 5SS

MEHRA: BEEERRABEEYADE,
219 T = 5 Bt 24 2 B G A T AR A e O B i
BF 5 Bk 8 1 Y R A6 % ¥k (Callicarpa nudiflora
Hook. et Arn.) f{ITJM o KRFLWLFRIPAE: AB-8.
X-5, B EAEEDEARB AR AR SP-
207. SP-825, LifgFEEFLEEMAIR AR D101,
E 2L ARG IR A R s HP-20, PUJIHE B
Rl FIE R A A . SRS BETEREH .
SRS, W04 A AR AR A R
Adls FRREEER, WRBEEAEYEE AR
ANdEls Wl CEEMESER N rd; LR
Pl

L% LC-2010AHT iy BOUAH (i A (FL A
KAMEM 2, BHBhIEFESS, LC solution il T
PR3, HAREEAT; V650 KoMt
H A 4396 )6 B A 715 XS105DualRange 43 #T K
Vo MR- R 2 AR A PR A ] s RE-52A i
Mk gy, FIEWRAMAES) s SHA-CAHE
P ds, WINBAENERARAF .

22 Ak
22,1 PRI EH &

FRECERAE LBk T 300 g, BYRE, B IHE
B, 3 BILL20 4% . 15 £ K b0 0] 97 1 B
W, FE—W2h, W1 h, IEEEIFIER,
TR IRAE £ 41025 g/mL (A2 &), % 12%
TN 1% 76 BRI 71, 3000 r/min 250> 10 min
JE B ETEW, 4 cCHA A U4, HUE & 7K Bk
50% F AR RE 5 A E A A
222 SKFHE AR I ) &

MRE BT 2.68 mg, BT 50 mL &
B, IN50% RS 0.5 hiBfift G e 2%, 4 °C¥
A, TR A et FE VR I S e 2R L
&

PR R S8 100 1 A0 S5 BB AR RE 0 IR
B 25 mLEMA, IN50% FEERMEZE, %
5], BoRRE 1 mL & BEAERET 0.1032 mg. &
FEALPEFF 0.1036 mg TR A 6 B S va W, H T
HPLC 8 B &R A BT & &



74 BT %

o5 W

2024 4F

223 ROBFEREENE
2231 EECEFHLENZ

W B S8 AR B 0 B 1.0 2.0 3.0,
4.0. 5.0, 6.0, 7.0 mL £ 10 mL &5, 450
AN 50% FEEM B R ZIE, #8515 £ 332 nm &b 57
B E LR EE. UESEEEN S &
(ng/mL) ABEAARR, WOLREEE (4) AR, %4
Hilpn i 28, 19 2 B E A0 4 vk =3 7 F2
A=0.0283C-0.0506, 12=0.9998; %X B E &AL pETY
1F 5.36~37.52 ug/mL Ju | N 28 1% 3¢ & KLIF

DALBEESIEREE R 8, SRR 00k
FE VL AE 332 nm W 28 R A6 58 Bk b SR 2
TE.

2232 EXRREFAFEELAETHEZNE

B & g Luna Cy (150 mmx
4.6 mm, 5 um), WM : 24 N5-0.1% BE R 75 W
(15: 85); ¥iik: 1.0mL/min, FIMIPK: 332 nm;
FEE: 30°C.

HPLC brifE ith 28 2 fe 2 857 O R R 18 3004,
DLE S0 0 5 A S B S A o R, R A
HPLC £l 5 BRAC 25 BR & B 1 1 ZE Rl o B AR
BEH A e BASAE R, DA SO . AR B S 42
Bl BB R QRS R M.

2.3 WA SFIE
231 RFLA e sk 3

¥ KA R QBRI R, L2 AE,
S < A 0 HH O B A K TG B VR
PN 2 To IR J5 25 H
232 KL FEE

TERA PR SP-825 AU AL kAT B L (1:
5. 1: 125, 1:25) %%, Bl EIMAGIEE
BRALR M, 32 °C. 120 r/min, 18 5 R 3% W 0
6 ho Wi B J5 B B 3E MM K #RE, LKA H,

332 nm AP EWOG A IR RS R, A ()
AT (2) TR 35 R 2
0/ ) — C—-C. x 0
A(%) = c. 100% (1)
0 — C 0
D(A)—-CnyeXIOOA )

A, C, RHiR 5 R B A AR R U R R
WRE, mg/mL; C MR W 5 1 W ok B A
KOTEFT IR s Co MR 2 )5 BT A3 9 i
RO CTEFIRIE: A (%) NWIHE (%) D (%)
R B 2R

233 IRGIEFEHLL

148 SP-825 R AL HEAE iR 17 13 22 2 4w
&, TE32°CHAET, ZrmlbA80. 120, 160 r/min
AR /NHEAT IE IR IR W, A5 10 min W HUHE
TERAN T, KM R — e 5%, 7332 nm T
M5E MR BT iR R R
2.3.4 AR A B

W PAL B () 5 U IR, R RRI2 g
BT 50 mL F TR A, N SV
25mL, B TEERZ ST, T32°C, 120 r/min
ZF N EEIRS WY 6 by o i W B B S
W, MoKFREEEZ, T332mmki, LIKAHZE
0 H G A, P KBRS IR TR g, n
AN 25 mL70% ZBE, [Fl2&AF FIR fEWL 6 h s il
TEWR G PEAE, TR BRIV, R
RO E i 7l BB iR 5 1 B
W4T HPLC 704, 4% A (1) AR Q) it &
W B 236 5 R 26
2.4 BRSWMIRAZE

FREX T 28 1 b 2 5 4h - 1 SP-825.  SP-207
AIX-5 KL AR 1 g B F 50 mL R, K fit
RIBR 45 5 43 7 R B 22 23.859. 13.581. 5.505.
2.499 mg/mL 3 4 AN BE, A TR A
20 mL, B THIEEIRG &S, 400 fE 23, 30,
37 °C'F LA 120 r/min IR % W Bt 12 h, iR 35 W B 45
WG B ISR IR — s, DOKAT A,
£ 332 nm AW E WO EEAE, 2 A (3) THEAP
T B R g o

ge= 2 Ce ®)

X, g N PHTR I R, me/e; CoNIR I
JE R PR R CBEH RS, mg/mL.
25 BRSWREN 1
B SIEFBR T RRIA L @) (5) (6):
HE— RN I1F WA In (g.—gq.) =kt +Ing.

)
HE RN JIFERA Vg, = ko g2 x i+ 1/g.

&)
WORL N B8 S AR g =kg x t12+ C

(6)

A g AW 117 )5 B R T R B R g
VAL AU Y QTSR 5 NG AU B I I SN P
NUE— BB A W g ) A



13 R KALM AR MR SR BROR ZREE (N30 0 5 #2205 75

LA IO 2R S ) R

PR EX 22 3 1 Ak BE 5 4th T 1) SP-825. SP-207
A X-5 KFLH AR 2 g BT 50 mL#EJE M, oA
B VAW 20 mL, T 32 °C. 120 r/min %144 K
THE IR 18 h, 433l F 5. 100 15. 20, 25.
30, 45. 60. 90. 120. 180. 240. 300. 360.
1 080 min WA, M/KMEE—EfEUE, LKA
T, 1E332 nm AW E G EAE, AR (7)
THEL I TR] B W B 22 () o

C,—C
qi= W txV @)

b, g o AR AL R OB &, mg/gs G
N ¢ I TR T R LR IR, mg/mL; v
NSRBI AR, mLs WO T s
MEE, g

3 HRSHR

31 FZEFWMEENE

AN 6O FE R E 15 B B S AEE B I 4
P 1] )5 77 R 4=0.0283C-0.0506, 2=0.9998; 3 H]
LA RELAE 5.36~37.52 pg/mL [ P £ 11 5%
ARG

Xof HE il A VR HPLC (4 1% B 4n
K1 (A) 1 (B) At BB AL 5 % B 5
HPLC (1% R I, BRAC S BRI IO ) F E 7
RBSRE A R BEIL T, RAKIO0
B3 (332 nm) W E B, FHoAt o & S AH AU
AJ DA T 898 S BR A OB SR SR E 1) 2 2
E, PIEIE & Es RER A -5

1
R

T T T T T ﬁ
0 50 10.0 15.0 20.0 25.0 30.0 35.0 40.0 min

B ] 2
ow@wﬂu\ —

0 5.0 10.0 1;.0 2(I).0 25.0 30.0 35.0 40_Orrllin
BT i (A) R (B) VR 9 HPLC (535 5]
T BN 2 9 B S
Figure 1 HPLC chromatograms of reference substance

(A) and test substance (B) solution

Note : 1 Acteoside 2 Isoacteoside.
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Table 1 Investigation results of solid-liquid ratio

RHE L WRBRE 22 (%) W B (mg/g)
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1:25 94.47 68.80
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Figure 2  Effect of different oscillation rates on the
adsorption of phenylethanoid glycosides.
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Table 2 Adsorption-desorption experimental results
e AS _ IAS _ (AS+IAS)
WETHIFA (4) G (mgmL)  IEEF (1) G (mgmL)  FE (mg/mLl)

SR 487934 0.985 960276 1.486 2471
_— W Bt = 1558919 0.637 2636929 0.818 1.455
Tt b 711152 0.577 1520392 0.942 1.519

HP-20 W bt S 119412 0.487 1959328 0.608 1.095
IR Bt i 699237 0.568 1768401 1.097 1.665

s W bt J 486399 0.196 648137 0.200 0.396
iR Bt i 812961 0.661 1697305 1.052 1.713

Sp207 W Bt 668387 0.271 1200739 0.372 0.643
FE IR Bt i 711152 0.577 1520392 0.942 1.519

— W Bt = 238630 0.094 443176 0.137 0.231
Tt b 939456 0.765 1768401 1.097 1.862

AB.S W bt S 895569 0.365 1152115 0.357 0.722
iR Bt i 709934 0.576 1479049 0.917 1.493

T AS NEEIERET  IAS AR BEIERE T

|3 AFERRRALR I BRAE SRR W H
W - PR B B 5
Table 3 Adsorption-desorption results of different types
of macroporous resins on phenylethanoid glycosides from
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Figure 3 Adsorption isotherms of SP-207, SP-825, and X-5 macroporous adsorption resins for phenylethanoid glycosides

from Callicarpa nudiflora at different temperatures.
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Table 4 Parameters of Langmuir isothermal equation of SP-825, SP-207, and X-5 macroporous resins

W AR R (°C) G k. R, =

23 163.934 0.7922 0.0502 0.9963

SP-825 30 147.059 1.0462 0.0385 0.9986
37 169.492 0.8939 0.0448 0.9977

23 123.457 1.2462 0.0325 0.9934

SP-207 30 108.696 4.6000 0.0090 0.9990
37 125.000 2.5000 0.0165 0.9999

23 151.515 1.7368 0.0023 0.9991

X-5 30 172.414 1.2609 0.0032 1.0000
37 153.846 1.0000 0.0040 0.9946
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Ry
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Table 5 Parameters of Freundlich isothermal equation of
SP-825, SP-207, and X-5 macroporous resins

L
LT ke n »
(0)
23 66.934 3.0779 0.9301
SP-825 30 67.256 3.4578 0.8974
37 71.572 3.0892 0.9304
23 60.788 4.5331 0.9094
30 68.108 5.0429 0.8431
SP-207
37 73.530 4.6882 0.9074
23 82.616 4.3611 0.7731
X5 30 78.965 3.2787 0.9196
37 72.755 3.8314 0.9197

LRARGF (0 — Bk BUE n 1K/ AT RLER BRI B 52
JE )R/ B P i R T R AN — PR, iSRS
BRI n EHRT 1, KUK =R LW AF 2B L AR
TERL IR CREH IR BT “ e R B
3.4 EEWMEHNFE

DAVE B i 18] R Al b, W B R O AR AR
25 ) A R R 2k, VG R 58 I O BRI T ) A2
475
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Figure 4 The static adsorption kinetic curves of SP-825,
SP-207, and X-5.
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PRI I B AR (0~60 min). 2218 BT L F2 (60~
360 min) AN B 7 F2 (360~1080 min).
KL B I 21 7 5T 90 R —
P2 HE G 7 R R URE A A BB %o R o A2
HATIAETL, AR K6,

®o  ME— NI TTRE ME T RE )2 RN YO K B ) SR

Table 6 Quasi-first-order kinetic equation, quasi-second-order kinetic equation, intra-particle diffusion model and kinetic

parameters
i 2 P Yy AT r” IPAE= = 4
In (gu-q)=-k, £+1 0.007x + 4.0382 0.9472 4:756.724
n (q.-q)=- ngq. =-0.007x + 4. .
qe-q)=-k t+n g y £=0.007
SP-825 4. =82.645
Vg=1/k, g2 1/t+1/g, y=0.1472x + 0.0121 0.9418
,x103=0.9946
gk xt2+C y=0.9183x + 72.902 0.7964
In (qe-qo)y=-k, t+1 0.0091x + 4.0078 0.9414 9:755.026
n (q.-q)=- ngq, =-0. x+4. .
g 7 %,=0.0091
SP-207 4.=81.301
g=1/k, g2x1/t+1/q, y=0.1641x + 0.0123 0.9474
kx103=0.9219
gk x<t"2+C y=0.7149x + 73.576 0.7038
X-5 In (e-qo)= -k, t+1 0.00358x + 4.1534 0.9592 4:763.43
- n (qe-q)= - ngq, =-0. x + 4. .
AR - %,=0.0034
4.=150.82
Vg=1/k, g2 1/t+1/g, 3=0.01515x + 0.00663 0.6217
kyx103=2.902
gk x<t"2+C 1=2.452x + 115.9 0.9278

N, WP R 32 B YRR
BN B S AR . SRR, 1
A 1125 5 FE R AR 4 Hb AL AL, SP-825 Al SP-207
TR LA I o #RAE 58 2R oK 2 B 17 (R W Bt 30 77 %
TR (247 518 0.9418. 0.9474), T1j X-5 % K AL
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Adsorption Kinetics and Thermodynamics of Phenylethanoid Glycosides
from Callicarpa Nudiflora by Macroporous Resins
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Abstract The kinetics and thermodynamics for the adsorption of phenylethanoid glycosides (PhGs) from
Callicarpa nudiflora (C. nudiflora ) by different types of macroporous resins were investigated, and thereby
guiding the separation and purification of such compounds. With adsorption and desorption ratio as indexes,
optimal macroporous resins for purification of PhGs were selected from six categories by estimating the static
adsorption and desorption features. This also allows for establishment of adsorption kinetics and adsorption
isotherm models for PhGs to investigate their adsorption processes. According to the preliminary screening
results, resins SP-825, SP-207, and X-5 were utilized for further investigation, and they exhibited comparable
adsorption processes for PhGs. The three resins showed the fast adsorption, slow adsorption and equilibrium
adsorption stages during the periods of 0~60 min, 60~360 min, and after 360 min, respectively. Adsorption
dynamics was well simulated by quasi-second-order equation for three macroporous resins, and adsorption rate
was simultaneously controlled by liquid film diffusion and intraparticle diffusion. Equilibrium adsorption data
were well fitted by Langmuir and Freundlich isotherm equations. PhGs were efficiently adsorbed by the three
kinds of resins with favorable adsorption characteristics. The adsorption process of PhGs from C. nudiflora by the
three types of macroporous resins can be fitted by both kinetic and thermodynamic models. Experimental results
demonstrate that the domestic resin X-5 can be used to replace the imported resin SP-825 or SP-207 for the
separation and purification study of C. nudiflora with good purification performance.

Keywords Callicarpa nudiflora, Phenylethanoid glycosides (PhGs), Macroporous adsorption resin, Adsorption
kinetics, Adsorption thermodynamics

* Corresponding author: WANG Yong, E-mail: wangyong1982 2004@163.com





