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Adsorption Behavior of AB-8 Resin for Anthocyanins from

Lycium ruthenicum Murray
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Abstract: The adsorption performance of AB-8 resin for anthocyanin from Lycium ruthenicum Murray and adsorption mechanism
were analyzed by equilibrium adsorption experiment, isothermal adsorption experiment and column adsorption experiment. The
results showed that the adsorption kinetics process of AB-8 resin for anthocyanin could well fit with Elovich kinetic model. The
linear straight of regression displayed that the Freundlich model was more suitable. Moreover, the enthalpy changes were positive
and the absolute value was less than 40 kJ/mol. This indicated the adsorptions of AB-8 resin for anthocyanins were endothermic
and physical changes. The Gibbs free energy changes were negative. It indicated that the adsorption process occurred
spontaneously. The positive value of entropy changes indicated the increased randomness during the adsorption process. The
adsorption mechanism was complicated and the adsorption process was mainly affected by particle diffusion. Adams-Bohart model
analysis showed that in the process of column adsorption purification anthocyanins, the flow of mobile phase and the bed height
should be reduced and the quality of anthocyanin concentrations should be increased.
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AR 2GBTS o T R ALY IS B A R AR Y BUREE ORI L A4 A
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PRI A ML R AR SR AR 7 vk Hk F TRV BE A A6 75 28 4 B Tl 4, AN BT AR AE
WK R B A LA RE R R A B AR Y L B — e A R AT S A B T B T A
H R Pl , i R B S IOR I B CO, R HREA , 33 230 HOAR B AT LU 4655 3R 09 4 B Je A 7
OCRA Pk (R R AR i TG o MR B e — Rl A B S & B AT T v 1% T
AR E IR A A R AL . BRI RN )12 T R AR A 08 3 53 25 4l Ak, an R LA B 1 B st
JEBE S LA I IR B IR DG 15 5 8 2 R FLA A 2 s H AR e LA G 3 s A 2
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1.1 FERGEF S8

SBAIAC ( Lycium ruthenicum Murray ) , W SETH N4, 45 C T3 h, R0, My irad £L4% 247. 2 um
(5%, 75 AB-8 KALIRI AR, S M, Ri42 0.3 ~1.25 mm, [ HFH 450 ~ 530 m*/g, FEHFLE 13.0 ~
14. 0 nm, I F K HRLFE S BER IR LD A FRAA ] 5 LA FEbsife dy 0 T_ ISR YRR BR A F] 5
ST R, Yo (Al K R B R HRERR FTIERR YR E P b Al

RRHP-200 %47 fiE mide A AL, BRILE S (il ) A7 FRZ w5 DF-101S He g Cfe 5 i 5w 40 11 2 5
SHZ-D (Il /K X B A 55 V-1700 S50 0] WA 6O6RE T ; BT100J-1 A BR3)4E

1.2 XEWHZE

1.2.1 AB-8 RiLM gy AL FRIL—& & AB-8 RALWAREH 95% £ Ii2 i 12 h, Z8 1K 2 i
TRICHERE ; B 5% HCL 0010 3 h, 2RI /K Uk 28 b 5 e J5 HH 5% NaOH ¥V L 3 h, ZE2 I K vE & b
P15 H

1.2.2 Z#keftFEake s g PRI TR EMACR R  $E B L 1:10(g: mL) , JiIIA pH {H<3 .
1 mol/L KPS RR/K AT , B THEIRME Pt PEas L, 45 CF 200 v/min 251 h, B0 8 WAE IR, F5H
1.2.3 ZHfbEE4FnNE  DERSILE NIRRT EE-SEME" AN w2
Frez bR M2, F 000 FLER AR K 4l Ak S5 e i P AR T 2R A

1.2.4 AMERE FREC3.000 g B RS S HH0 A 250 mL 4EIE b, 18 g 23 51m A 150 mL #Y
0.157.,0.317,0.478 . 0.639, 0.799 F1 0.960 g/L 7 Z %W, 8 THEM AP 1,25 CF
100 v/miniE L F 12 h, 48534 0. 45 pum JEIE I E AL T R E . 30 F135 C 4L Lk ARk A T4 IR
B S50, BT A T pH (E 30 3,

1.2.5 B AFE  LEEEESHIH 25,30 F135 CHE, %42 AB-8 B J5 WL i SR MIAC 16 75 2 19 #4 ) %
1.2.6 EMzhh% @it AB-8 WG EAS WML RLEZ WM 8h J1 2%, FRIC3 g MR ICA
250 mLIHEIZ AR, o) e i A — & R EE (0.516,0. 684 F110. 876 ¢/L) AL K 150 mL, ¥
W pH BN 3, 9K 5 B R IR RE P HERS 1,25 C7F 100 v/min FEATHERE . [R]FG— 5 I 1A] ), SUHETE i
DI IRGE 0. 45 pum JERE SR SRR 540 0T DL A3 YO BE T HIN e A6 75 2R %

1.2.7 #&RMWEE FIEF (10 mm x 300 mm) FliA AB-8 Bifig, ZE4EF 14 AR 0 5, T4%
IR, FIRAM T T A LMASE T R, — & e (e b e SR T B R e A7 R, £ %
ZENFALAEE R WS (C,,g/L) i (Q,mL/min) KR PEAYIR)Z FEE (Z, em) 55 3 SSHO T
pii-Aal e
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2 iR 50HE
2.1 ZiRmkt

2.1.1 BEWHHA 25,30 F135 C (298 ~308 K)  AB-8 BB AETF = 1MW fiH 1R WLIE 1. i
Bl 1 AT, 7825 ~ 35 °C i [l P Aps R 56 it Ze e A AH B, {2 7E A >r
[F] A 3 A T AN [k R o A T Yk e W P A B K, &% 50
SRR < FE 2L Y Bl P W2 86 o A W I o ok R R R R . 4

I}ﬁ‘ﬁﬁ?o :bED4()

2.1.2 FRAMAEA RA Langmuir Al Freundlich S IE ML = 5

TN BB AT PL 20 B, O R = (1) A (2) FoR , &% 30

HILFE L, W

Langmuir W ffHAE 7 . 00 01 02 03 04 05 06

’ CJ(g L7
g = AukKiCe (1) —4—298K; —0—303K; —o—308K
© 1 +K,C,

Ul g, —F AN B /s g R R g/ (8 A PITER RORWERE
Cor WM V-BIEE R RS /L5 K —Langmuic 26 048,
SR A % L

Freundlich W[4y .

anthocyanin on AB-8 resins

qe = KiCy (2)
2 : Ky—Freundlich #%%, (mg/g)- (L/g) ", S MRS REA 3¢, 1/n IARK S REL,
Langmuir 55k W5 A5 780 A1 15 8 568 I 32 PR 66 700 5 T 20 4 B 2 O o, s PR A4 R 390 2 1y i o Jc
() 5 A5 HEELAFJH 5 T Freundlich 4570 55 0 i A AR AT BRE , W B S AR 1) T 22 2 ' el
1 0] i, , Freundlich B R4DL & 800, R (B3I 7E 0. 999 LU I, # Fueundlich #5751 57 5 R T4 i 0 ff ot A,
B B2t S 2 2 . Hid Frenundlich BEAI%%% 1/n 570,214 ~0.242(0 <1/n < 1), Ui BA I ff 5 78
H&RT,
F1 THEEEABS WS LRMERMALER

Table 1 Isotherm parameters for anthocyanin on AB-8 resin

Langmuir Freundlich
e gm/(mgrg™) K /(Leg™) R K/ ((mgeg™") - 1/n R
(Leg™)")
298 49.893 26.240 0.872 57.995 0.242 0.99994
303 51.540 32.240 0.903 60. 158 0.223 0.99999
308 52.270 39.332 0.891 61.880 0.214 0.99999

2.2 RMIHBAEFE
WA BROGA (A FRAE I A7 15, =k (3) s

AH
lnCe = Kl +ﬁ (3)

K. C—PHFRMET LT R A BTk, o/L; R—iBHAMAE 41,8, 314 J/ (K- mol) ; K,—#Jj2%
WL
WG kS A8 (AH) 3@t InC, X%F 1/T A BRI R E], ULE 2,
T A MBE(AG) Y R (4) FrR
AG = - RTInK (4)
AP K= 28, il In(q./Co) Xt g PTSCEZRAREE BT AT, ULIAT 3,
F o5 A 3T 22 AR 2% T P BRI AE (AS) T sk (5) iR
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AS = L}AG (5)

AB-8 WG AETE KWWMY T A 2R3 2. i3 2 A1, AH D IEAE, Ud A 0 B i 782 DR 1 it
T, 2%l JRE 0 R A P A M R A, 36 -5 45k 0% R P 0 i i 3 2 722 A B8 35 AR AT 5 AR 268 3 fEL g /)
T40 kJ/mol , F WM R g Wy BRI B s AG S (A fEL, R B B & b4, AG 48 %HE/INT 20 kJ/mol, H Bl
JEASACANT , PO B R 5 2 2 by S B TR 5 AS DA TEARL, 158 B R B aod R TR L BE 1 I, S i it 7
®2 AB-8 MEXEBERHWMANFESEH

Table 2 Thermodynamic properties for anthocyanin on AB-8 resin

W R/ (g L) AH/ AG/ (kJ-mol ") AS/(J-mol "MK

adsorbed amount (kJ-mol 1) 298K 303K 308K 298K 303K 308K
26.608 38.805 148. 191 146.565 144.773
41.828 12.320 -5.356 -5.605 -5.786 41.343 40.661 40.001
52.098 5.131 17.221 16.936 16.661

2.3 Mtz A=

2.3.1 KM R S R EREGYm B4 SRR W] K ) 6 v R A S X AR T 2R
By, mEI4 0] 0L, 0.516 ~0.876 g/L Bl P, A R X6 5 28 W M e S8R, #8500 3 BBt 55 —Bir
B2:0 ~40 min, Fifi 5 B (3G 046 75 22 0% W B0 o Sl 35 8 00, 332 1R T 2R 1 W EEE 9 B, AR i R 2 1T A S
RO SO R A, IE A B 0 2 T 5 0 T P R BB AR R, fel A5 BfF it 7R 1 40 min 8 35 14 5 —
BBz :40 ~ 180 min, Fifi 2 W BT (B (14 385 it i B St () 388 ka3 AR 2%, — T Tt 2 2 B AR IR L e T
FRIWHEFR A AR SR BUA R P B8 T 25 A A5 TRIME , 53 AN I 5 V8 R H e T2 A D /) Mol 75 W2 o 3k R A AT 5
55 BB, IR S B TR LR DN, T AT A R ok A

0* 80,
1 o
G~ a6 7.0 &
-2t =
@ )
Z ., E 6.0f
_4,:»»———"”’""‘_‘j 5.0F
7324 327 330 333 336 4035730 35 40 45 50 35 0 100 200 300 400
UTx 103 9o t/min
—0—0.302 g/L; —0—0.629 g/L; —0—298 K; —0—303 K; —2—0.516 g/L; —0—0.684 ¢/L;
—2—1.066 g/L —2—308K —0—0.876 /L.
E2 InC, Xt I/THIXERE El3 Inge/C. Xt qo XERE E 4 AB-8 A5 R Bt 3h 1%

Fig.2 The plots of InC, vs.1/T  Fig.3 The plots of Inqe/C, vs.q, Fig.4 Adsorbed kinetics on AB-8 resins

WA, i L 4 AT DL 08 R s TR A ] ARk, 182 ek i 25 1 VR 0 T Jo 9 32 O B84 0 TG 15 A0, 40 210 min 4,
TEWHIUG RN 0. 516 ~0.876 /L XN Ff5 M 18.03 ~26.30 mg/g. AIREH T mk BE4R LAY 5l
TR VATEMRAE BBy o BeAb, e BE T 4B 75 2R 20115 A 1 W RS S A FH SE s 20
2.3.2 HAyFAA WHERITEILA6) !

(Co B Ct>V
= (6)
AP g, — WA RN &, me/ g3 Co—AEH R RI AR B , mg/ Ly C,— MR ¢ hE] 4B 7 28 1 o i
B, mg/ Ly V—IEHAR, Ly m—M IR, g0

RG22 (0 A R B HBOR R 3 34— 8 2 R 3 — R 8l 1 2 BRI Elovich FOR8M HL
RIL(T) ~ (10),

WE— G i

q;

4, = g1 —exp(=kt)] (7)
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A qo—FHIRE, me/ g5 by —E— 2R 3h J1 BRI BORH A, min " 5 -—WBFFESE], min.
HE 3l 1o i

kyqit
q = %kzqet (8)
K b, —E BN ) BRI HRH 4L, ¢/ (mg- min)
¢ =0 Bf B (b, mg/ (g-min) ) "7
h = k,q, (9)
Elovich ##1 .
q, = 1/B8In(1 + aBt) (10)

AP a— WA I A, mg/ (g min) 5 B—55 127 B 2 1T 7 2 2 S0 AL REAH OGO 4, ¢/ mg

ME— 23l 7 A AR i it W R R T G A 255 B A7 s 5, BRIV B B e s o — sl g~ iR fl it
IR o ok R A2 by T B B 550 -5 B o i i)l ok 6 Y oL 5 o 5 e e 1 SE I, B~ I B 2o 72 5 Elovich A5 2
LR T U — S5 W 8 Sy A R (3 AR L D[] B 7 B B 5 k2 I B . AB-8 i
W BRI AE T 2R 8l T e AL i 2 DLIEL S sl 12 280K 3

301

0 100 200 300 400 500 O 100 200 300 400 500 0 100 200 300 400 500
5[] /min [} 8] /min [ [8] /min
0 SZI0{H experimental value; —-— 243 )] 2EAb A pseudo-first-order moder; ------ HE— 9%
N 1A pseudo-second-order moder; —— HBIEAEAT A Elovich model

a.0.516 ¢/L; b.0.684 ¢/L; c.0.876 /L

El5 AB-8 #iERMIESTEH

Fig.5 Different adsorption kinetics model of anthocyanin on AB-8 resin
H1Z% 3 R, SEa it 5 ik — 2 g Jp 2e R e i — 2 2l g~ B A U058 RICR AN 4, 1 Elovich £67
ZRPEAHSC AR %L 0. 993 9 ~0.996 0, pRifEiR 22 0. 101 ~0. 215, LA SC R (> 0.99) e K, brifE iR 22
( <0.5)f/IN. # Elovich SRV IS5 Tk AB-8 MR ML R fe o B e AR AN 2 B — I P AL
PR EAEAE IR 2t AR
3 ABS WEERMIEB R HFER S

Table 3 Kinetics parameters of anthocyanin adsorption on AB-8 resin

HE—2 ) Iy R e 2R ) Jy 2R 1S 8% 4 23 2 281
¢,/ o pseudo first order model pseudo second order model Elovich model
ky x10%/ h/
(g'L™") (mg-g™") k]/(l.ng:lgfl. qe,(¢;llfl R (;g_g_]. qe,cali (mg- g R N P R
min~')  (mgg”) ey e S

0.516 21.321 0.0128 20.132  0.9358 0.646 23.856 0.368 0.9963  0.679 0.187  0.9963
0.684 26.963 0.0166 25.525  0.9097 0.779 29.137 0.662 0.9939  1.540 0.171  0.9939
0.876 30.218 0.0198 27.894  0.9123 0.867 31.543 0.863 0.9794  2.179 0.165  0.9960

1) e, exp SEIG{H experimental value; e, cal .1 3{H calculated value

2.3.3 FHMIE  RAVR T B 52 AB-8 WS AE T Z Y BOHLEE, WA (11) .
q, = kiqt'”? + C, (11)
s by — KT PR AL B S, me/ (g min'?) 5 C— 58 B2 MG B4, me/ g,
ARARL 7 YR IR0 g g, X o R B, L R 5 I A R T R Y R AU Y
7 T A 3 25 0 AL AL, 715 ) JHL At A2 AL 3, 52 i 380 W B 33 . AB-8 R AR W B A 75 22 s P B4 e
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RUBOR A MR LI 6 Al 6 AT 0L, g, XoF o R A R LA I I, SR A1 A IF] 922 f e 4, R i
o3 =B R B, A SRR 40 UL LR T P9 ™ I — ol R BT ATL B i i 3¢
F4 MTHHEREEAXRYURBXER

Table 4 Constants and correlation coefficients of intra-particle diffusion model of anthocyanin on AB-8 resin

Co/ 25— B the first stage 2 B the second stage 2 =B the third stage
0
B A
g~ *min ) g~ *min ) g~ *min )
0.516 2.723 -4.403 0.998 1.048 3.111 0.992 0.567 9.854 0.992
0.684 3.181 -2.687 0.999 1.271 6.063 0.997 0.395 18.902 0.989
0.876 3.601 -3.033 0.999 1.755 5.184 0.998 0.722 15.659 0.993

2 4 UL, S —BE LA A kg, 16 2.723 ~ 3,601 mg/ (g+ min'™) 53X — B BEAT RER i b A 46 75
FRLF SR BT HEA TR G SR G 5 BB Rk 7F 1,048 ~1.755 mg/(g+min'?),
3K — G BRI B3 3 2R P TR I 5 2 — B (e e — B B ) D~ R B B, 3 — v B e
AR W B3 5 AT BE 52 B 22 Fh A R A

RS T KT RS AR Y ROILER AR 2 5 2B A R 2 , Boyd AR FH - a0f — 2025 A W B oo A
T BB R ALY b 9 ERR S BOPLILRZ I . Boyd BRI AL (12)

Byt =-0.497 7 = In(1 - q,/q.) (12)
K By —HRYHUR AL

Hi Boyd FRY, QI RARY AR & — In(1 - q,/q, ) KPR ¢ pRZMEDC 2R (ULIED 7) FLIE AT 5, 156 B 0 f st

T 3 S BB T U0, 7500 32 B2 B e R

30~ 3
o
55l Mtpudjjj
— 20+ _2f o
‘ﬁf.‘/ §
w 151 =
£ NG
= =
= 10t = 1f
5
0 5 0 15 20 25 05100 200 300 400 500
zl/z/(min)”2 [} 8] /min
o 0516¢/L; o 0.684¢/L; 0 0.876 g/l.; — AEAH linear fit
E 6 AB-8 &5 IR HKLF A EBY BRI S E 7 AB-8 RIBEWR Bt Y Boyd A& E
Fig.6 Plots of intra-particle diffusion model for the Fig.7 Boyd plots for adsorption of anthocyanin on
adsorption of anthocyanin on AB-8 resin AB-8 resin

HIFE 7 070, —In(1 - q/q.) XF ¢ 7EREAS RS BRI . 325 TR PEAHIC R % 0. 980 5 ~0.994 8
(R*>0.98) , BiH] Boyd MIARLIE & TR AWt 72, #8E - 0. 117 5 ~0.049 7, %5 B H)iR 22 0 Bkl of
Ja, RIORE o aod o B2 BT R B2

®5 Boyd HERKMBAXRHRELY

Table 5 Constants and correlation coefficients of Boyd model for anthocyanin adsorption on AB-8 resin

Cy/(g L") th: inﬁzm R SSE
0.876 0.00598 0.04972 0.9885 0.0988
0.684 0. 00526 0.03113 0.9805 0.1303
0.516 0.00457 -0.11750 0.9948 0.0261

2.4 zhiSWMHRIE
K F Adams-Bohart 457174 H1 T 50 250 FHA I 2047, WL (13)
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In(C,/C, =1) =In[ ™™ 1] —kCyt (13)
e Co, C—ar B A THREE K o I PR o/ L Z—IRIZ R, om; Upy—=3 B3, em/ming Ny—
B e AR R TR RIS B e, me/ g3 A—3 )5 R L/ (g min) o
JrRE PR R (00 ) HAR AR (e - 1) KA 2 HURTE BB R, R AL

ln(((::‘:_l)= kNOU%—kCOt (a7
Vit 1 mL/min, JRJEE5EE S em, A O Bk B 0.3 o/L, $2'Of :
Adams-Bohart BURLE WL 8, (HGREC R >0.996 3), KR Sis
TR R IR 2 i B S5 YRR S R B B 50 6 i =
7R K TF 0.97, BiW] Adams-Bohart BALE I FAUHITE. 0]
26 nJLLE W i (V) BEMS TS £ 3, N, Wi/, KBk 05 —

0 50 100 150 200 250 300 350 400

B S A TR e B, VR AB-8. R B £ 4 i

AR AL RTEDK R T FTRIGIETT AT N, BN AT R A © S0 experimental data

CUHEIE C.) BN b W N, SIS0 €, ok i e ™

5T LT FEAE R E | B 33 80 97 5 9 A2 18 8 Adams-Bohart E U E

JREAE, B O 858E A 00 L R BRI b I, N, i, g T8-S Tited values of Adams-Bohart

I TERE MO B A AR B0 B NS A VLR RO BT v IR RS
F 6 AEXIWFEMHET Adams-Bohart R E 1) S

Table 6 The parameters of Adams-Bohart model corresponding to experimental conditions

Adams-Bohart

ﬁf ﬁi/(ﬁéminﬂ Co/ (g L7") Z/em k/(Leg™hmin~')  No/(mg-g™") R
1 0.5 0.30 5 0.0240 25.062 0.9947
2 1 0.30 5 0.0373 24.208 0.9963
3 1.5 0.30 5 0.0619 18.109 0.9897
4 1 0.36 3 0.0231 35.271 0.9937
5 1 0.36 5 0.0373 24.208 0.9879
6 1 0.36 7 0. 0666 16.042 0.9887
7 1 0.30 5 0.0373 24.208 0.9963
8 1 0.49 5 0.0228 35.383 0.9921
9 1 0.64 5 0.0127 37.935 0.9779
3 4

3.1 JE VA IR A S G | A5 U R B 5 0 B A R B S G A AB-8 R A1 I B R A AL TP A T R A PERE
AB-8 R IR M AETT 21 F Elovich 3l 32245080, 0 B 2 22 S W BT o b 5 ) B BIORE B A Boyd 45
U] I B RILBRAR 52 A, W Aol 2 8 32 BIDRE 5~ B 52 0, X 45 T I B S 56 B HE X Freundlich B
Langmuir 45 35 W (A5 80 g $U5, & P Freundlich #5518 33 A

3.2 WERFR A AR AR, BAS AR A X E /N T 40 kJ/mol , FEBH M FE e AR R W G AR, B AR A
W A RS O, BRI BT R A R AT s I O I, D B B AR R — S R

3.3 ZhAN AL R #] Adams-Bohart #5284 H] T 1. 25 40 #7 S s it, 76— & Y BN /i &, 38 im A
e B2 R i/ N IR 22 s FE A R T AE T 3R o B alifh
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