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Abstract: The alkaline degradation products of hexoses (HADPs) produced during the production of sucrose increase the color value of
the finished sugar, thereby reducing the quality of the latter. In this study, a novel rosin-based anion-exchange resin (RAER) was prepared by
suspension polymerization to remove HADPs from sugar solutions. The RAER was characterized by scanning electron microscopy,
Brunauer—-Emmett—Teller measurement (with nitrogen), and synchronous thermogravimetric analysis. The results showed that the RAER
possesses a highly porous structure and exhibits excellent thermal stability. The performance of the RAER toward HADP adsorption was
investigated. The results suggested that the removal rate of HADPs (decolorization) was up to 100% (under the following experimental
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added RAER: 0.05 g/mL; temperature: 343 K; reaction time: 10 h; pH: 7.0; and initial HADP concentration: 100 mg/L). After 20 regeneration
cycles, the decolorization rate of HADPs by the RAER was still as high as 92.2%, indicating that the RAER can be effectively reused and
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exhibits high performance over long-term operation. Zeta potential measurement confirmed the existence of electrostatic attraction (ion
exchange) during HADP adsorption by the RAER. Studies on the kinetics, isotherms, and thermodynamics demonstrated that the adsorption of
HADPs by the RAER agrees well with the pseudo-second-order kinetic model (R2>0.99) and the Freundlich isotherm model (R?>0.98), with
AH=62.321 kJ/mol. These results indicated that HADP adsorption by the RAER follows a multi-layer endothermic process dominated by

chemical adsorption.
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2.3 AN TR BT Bl FiE A T A TR R

&% 1R LR

2310 A AR BT SR R TR s
fi# &, & 693 /) FARAAIRR

KHUME BN R 5 1R s
SEAGEA , SRS AR A I 2R K 4a. 4b M) )5
ek 24

R 2EIRT @reca HU Greca BT Geexpo AP, #HE
TRENAARER (R220.99) IR AR (RD =T
HE=ZRFN R (R2<<0.99). [Fth, #E—Fah Ji%
TRt — B 3)) /) S B Y B e 1A HADPs #£ RAER
R ESAT N . AN, RAER XF HADPs £ 2 ()W it
FE A AR, GfiE RAER _ERISUIE i
PICELF-XF W 51 VA HADPs L 3% 195 5 [ i 25 ) 4
BT, IXAIfEfS RAER R EHAT, LR E
SB TR LT HADPs (8 253647 1F 47 B i 5] 381,
5 RAER _EHIRUIER S HADPs t 3k LT
S R I = R BIR B 2 B B R H B,
Uk, RS T SRREZ P & I s e 2
AHELAE FH AR PR D IR0, PEATAR T A 50,
100 1 150 mg/L f] HADPs &R, #E 0 5h J1240%
BHE R HCN 0,99, 0.48 A1 0.32 mg/(g-min), FHHLE
BURAIYIAE BRI N, RAER X8 =W A R .

3% 2 RAER IRFff HADPs BE—REN N HEZRENHFRESH
Table 2 The pseudo-first-order and pseudo-second-order model kinetic constants and correlation coefficients of HADPs adsorption on

RAER

Pseudo-first-order kinetic Pseudo-second-order kinetic
gecal(mg/g)  k/(min')  R? gecal(mg/g)  k/[(g/(mg'min)] R
50 0.99 0.89 0.017 0.96 1.01 0.081 0.99
100 2.03 1.72 0.0093 098 2.10 0.014 0.99

Concentration/(mg/L)  geexp/(mg/g)
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150 3.01 1.80

0.0029 098 3.15 0.003 5 0.99

232 HAMBTF IR R M T AR S
fR e R eI FARAIKRT
PAVEZHIEAEWER 3 s, WSR3 ATLLE
th, AG TENSUE, KRNV KFITH . AG EUEH
B S MR FE IR BRI R B, REHAERGE IR,
AR TF1EHE RAER %} HADPs (KW B$47 451 AH A IE
fE, 9] RAER % HADPs [0 Bt il F e — AN AT
Ho SCHRIERH, 452 [ NFAH 5~100 B, TR BRI FE
AR Ak 20 40, RAER %} HADPs W Fff i £ i
AH {2 62.32 kJ/mol. AS J9IEAE, UE B B [ R TH
(R 8 B BEALEW PR R g b, HEWI A2 T PR A
1715 T RAER K[ 1) /K & & ¥ 80K 7 15 W b
HADPs i FEFR# B . RAER X} HADPs ftW B i
TR A3, AT REAEAE— & (AR
% 3 MEEAEFITHIEE (RAER) LM CHERIMEME R R
(HADPs) #1124
Table 3 Thermodynamic parameters of HADPs adsorption on
RAER

T/K  AGAkJ/mol) AH/AkJ/mol) AS[J/(mol'’K)] R

313 -10.52+0.20

323 -12.09+1.11

333 -13.99+0.57

343 -18.85+1.06

353 -19.93+0.44
233 H A BT IR TGRS
e FNEREEAEL

62324526  232.51+16.34 0.98

a
1- »
P S
0r * e .\: aca---l PO a. . N
~~ -1- -
T af -~
o e
E 3r .
4L =50mgL
* 100 mg/L
ST al50mglL
-6 - -
0 50 100 150 200 250 300 350 400
Time / min
b 1600 )
=50 mg/L
1400F 100 mg/L
’?:" 1200 4150 mg/L
B 1000 F
g
g 800}
= .
> 600f -
= - N
400 - -
200 F
O i 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600

Time / min
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)
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4 RAER FRFff HADPs Y (a) E—RENNFREL; (b) EZKENN
EHERL; (o) Langmuir IRFISEREAEEL; (d) Freundlich IR
JRAEAY; (e) RAERF(f) HADPs FEAN[E] pH B Zeta (I
Fig.4 (a) The pseudo-first-order kinetic, (b) the
pseudo-second-order kinetic model of HADPs absorbed by
RAER; Model fits of the (¢c) Langmuir isotherm model and (d)
Freundlich isotherm model for the adsorption of HADPs by
RAER; Zeta potentials of (¢) RAER and (f) HADPs solution
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(667 mg/L) at various pH
W PR A5 S0 /F 323 333 11343 K Ritk4T,
HADPs 1)U 5 83K 5 100~350 mg/L, RAER #%
&Y 0.05 g/mL, WTVER pHE N 7, EilkREH
24 h J5 € HADPs %45 2L
Langmuir 5 Freundlich Wi FHEERABAL 1A 25 L a0
Kl 4c 1 4d . IR 4 thes I R2ERIELEL, K
fITATLMSHi458:  HFRY) HADPs 7£ RAER W,
Freundlich 772t Langmuir 7772 5437 AP (1B S
0%, W Freundlich W BREEIRAR Y 8 BT A7 HFEAR AR

HESHA b SR B FE . FITLL, RAER 5F HADPs
RS RES Je 22001 Z AP0, X — 2R,
RAER PR BT B FRER e R T B LR 1) ) — 5%
HNEW, XTI EER AT RAER K HIhHE AR
1, SRR Freundlich W PR 25 &8 55 ke 43531
79099, 1.75 F12.21. 1X5RH] RAER [P0 b5 B it 52
TGk, 8] RAER X HADPs FOW B fEe—
RIS REOE R X —25 5 2.2.2 51 2.3.2 it
(ME5 R EARENIE. fERTAERIRE R, Un EIAT 0~1
28], KB HADPs 2 FI T4 RAER W14,

2 4 RAER %Rt HADPs BY Langmuir F0 Freund| ich IR MIEESIERIS
Table 4 Langmuir and Freundlich adsorption isotherm parameters of HADPs adsorption by RAER

langmuir model parameters

Freundlich model parameters

TK

gnm/(mg/g) ki /(L/mg) ke 1/n R
323 5.27 0.058 0.80 0.99 0.34 0.98
333 5.35 0.19 0.74 1.75 0.26 0.99
343 6.06 0.38 0.91 2.21 0.28 0.99

234 WHE BT ARMAG L THE s %7
& F 0 Zeta BAZM 2 AT

NT #2558 RAER Wt HADPs [IA1EE, %
%] RAER 5 HADPs 73 AT Zeta BAAIIE, 258
Wik de. 4f . M 4e 7750, EANEN pHAE T,
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(A ZE AR, 1X W] RAER M 1E B & BAERE 1A
W) pH ARG K 2 RS . AR EZEH L RAER )
bt HADPs it 2 o 32 B4 I 1) D) REFE ], B RU S,
PESCHR AT RN, R-N(CHa)z J& AR WA o] i2:47 4L
SN, AR IE FLRT[R-N(CH3)o ] 3344, [R]HH 58
AN[E) pH {E F HADPs ] Zeta HA, 45 SR An& 4f flizr,
HADPs HA B4 pH B &E R FREEH, HAR
pH {6 T~ HADPs HA7 35/ 10, 4 pHEFE 1~3 JuH
i), AH R H HADPs ) Zeta HIf7 T BEFa 3G TR,
Ui B HADPs 4T3 iy (1 S PEAE 85, X i
TR T PR R R U 2 P i 1183541,

REAR W fff HADPs [ R H 2 A7 e i 51 1

(B840 o 547K de. 4f HF RAER 5 HADPs [ Zeta

F A8, TI%0 RAER 5 HADPs [(I## IR 5 1E 2 H
RAER A Uit FH Uk 5 41 5 HADPs fi# 25 )5 (1212
R FHEAE AT 456K 3d 74, pH {H7E 4~8 B,
RAER REfREFXT HADPs f2E LA 28, 4 pH fHM 8
K% 13 i, RAER XF HADPs Rt (5% /1 100% RFB&
% 5.69%. Wi de flizn, pH {EN 4 Fi1 8 I RAER &
TR 210N 8.98 A1 8.16 mV, 24 pH {4 13 I, RAER
FHHAHCN 038 mV, 1] HADPs [ H B 7E pH
fHR9 4~13 BF, M-6.64 mV [£%-10.06 mV. DL F¥dExR

HH 0 AU ] S R TR 25 TR FR e 5 | /R 2

it RAER W} HADPs i R 3= B[R . RAER

5 HADPs [P S LER AT DA R S SR
Ry<N(CHa)s+H'—[Rj-NH(CHs),]*
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3. Zhip

AR TR B R A& T A B A B
A, RN TR B R L R AR OB
Bl PP (0 % . R SEM. EDX. BET. FTIR 1 TGA
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AR ENE, B IR NIILBRSE M FE, ThREHE IR
e BI85 50 45, ARIT R HADPs. SR 20 #5452
55 I5E RAER [MEREH YN, 45 IR RAER AEAE
A FYIRAE TR Y, R R AT MR R
RN R AR o

FRFL RAER Xt HADPs [t GE, &5 1K,
7E RAER #4054 0.05 g/mL, i 7] /9 600 min,
W IS R 343 K, pH BN 7.0 J2 HADPs i VI46
JREHREE A 100 mg/L (2% ~, RAER %I HADPs [
i 8 2R AT IA 2] 100%. 4381 RAER X HADPs ¥} 5))
FIEARRY, AR B RE B AR e T U s A
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