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Preparation and Catalytic Properties of Carbon Dioxide-assisted
Chitosan/Silver Hydrogel Beads
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Abstract: The bioderived chitosan was modified by carbon dioxide (CO,) and utilized to prepare hydrogel beads loaded
with silver nanoparticles (AgNPs). The reaction intermediate between CO, and the amine group of chitosan, carbamic
acid group, was proven effective in increasing the coordination site of chitosan for silver. The conductivity and viscosity
changes of the solution confirmed the occurrence of the reaction and that the largest amount of carbamic acids was
formed at 30 min. The scanning electron microscopy (SEM), X-ray diffraction (XRD), X-ray photoelectron spectros-
copy (XPS) and attenuated total reflectance infrared resonance ( ATR-FTIR) results confirmed that the silver loading
capacity of chitosan after modification with CO, was doubled. The silver content was the largest and the AgNPs size
was the smallest when the reaction time was 30 min. The results also showed that the Ag atoms were coordinated with
the N and O atoms of chitosan. The prepared silver-loaded chitosan (CS-Ag) hydrogel beads were applied to catalyze
the methylene blue reduction reaction. The reaction rate catalyzed by CO,-modified CS-Ag beads were greater than that
catalyzed by unmodified beads under the same conditions, and the beads modified for 30 min performed the best. Also,
the reactions catalyzed by CO,-modified CS-Ag beads were more sensitive to temperature, and with the increase of re-
action temperature, the difference of reaction rate became larger, up to about three times of the original one.

Keywords: Chitosan; Silver nanoparticles; Hydrogel bead; Dye reduction

W8 :2022-12-12; 8 B : 2023-02-27
"B R A B E-mail: zhouqi@nbut. edu. cn; B2 5% 111 , E-mail : mujingshan@nbu. edu. cn
doi:10. 14028/j. enki. 1003-3726. 2023. 10. 008



- 1322 - CHE

2023 4

FCRMENE R — Fh KR w3 Ak, 2 P o
REEZFEHRAREYREY) N-JI LW I 05
ESI NS SREER v/ ] o i N i e I R L R
T A B B SRR IR R DL S AL
TREERS Y, SRR SR E T A R
W 8 Ty R AR e B 0 L OF B & T L, T LA A A
Z I, R 27 4t BERS /RS . D K e 2R
WEAE S 4 i Ak 0 20 1R 0 BF 5 5 1R T 8 R 18 22 1)
FHENT SR L B A W BE R R Al P (= R R
o) BB AN A3 A T A R B Y A O AR E L
FARAG I 4 T A 7R 9 KR 7 254 2 CEH B2,
T — 20 5% W) 4 ) A Ak 700 A8 5 22 g FH o i 1k
e,

FCRME -4 Jm B e /N BR DR A O v AT R I
I A5 PR TR L INER B 0K 2 0 i A A2 e T, A
SROWE -4 S R /N BK ) ) A A T e B R Y T . TR
BiF s A G T B R L W B G R R B AR KL L
E LU /1N 35k P 388 B BE A7 65 T v AR A% e A 1
BFASCSR T G0 ok DU 5 M A e T A A )
4 JE R AR 5 50 50 R B WITIR B L R TR A
T VE K B[R] oK 4 J i AL HE AR R G W I 4%
e, FERXAS AR, 4 s E IR AR R 0% 7S 4 B2 ik ot
8 Y AW el [ R s i A LI R P
W] LA B4k R & BT

FCRMEAVE T oK Fnds K 2 80H HLE ), {H BE
i 3 3o 2 35 5 A1 A 0T b FE W R T R A . SR
FAELT AL A T A A G AT e
1. CO, 572 RME M 203 K AR O, B 1Y 28 3
H R (—NHCOO HYEMRFE N AL {7 58 J7 1Y [7) i) 14
Ty R 4 T BH B 00 H e e B . A, s A
FH R A, 2 — ol i P R AT L AR s g s /b T Ak
GBI AN OREE T e BB K. FRAT
TEZ B TAEYS o ] CO, Bty 7 s & i 77K
VS T SC MR/ AR AR 1 A R e B R v R
BT 2 R TR A AT (A5 S i B A R A K
Tk o Rl KBS R 5T SRBH /AN OK R R T 1 AR
i Ry 5 AR A ) ), 7 3 B O D Al R 1
TR I P RE

AR SCAE AL B 576 T WH 58 I /N Bk ] 2% T 1% 1 JE Al
R CO, B S B L 03 1k i 45 52 M/ 40 K
BRORL BRI /N BR  IF R 5E T BT S R /N ER Y
PO TE B0 55 45 0 19 25 55 Lo A8 T B 28004 40 K AR R
TSk RS, i Jq 3F— 25 X %5 45

XS R N ER A YRR A L A RS P G R
¥ (methylene blue, MB) B £ TP fE .

1 SEIgEy

1.1 EREIKF

FE BB 2 R (DD) >85% , &5 A 800
mPa- s, Bl & 1L 81 (NaBH,, 99%). & & 1k
(NaOH, F 4k, =96. 0% 19 H H 25 16 T3k 57 2
Al BERR (>99.5%0) W [ R 5tk Tolk . A PR AR
(AgNO; B 7K, 99. 8%0) K A BT HL T3k 7 ( L) A
FRA T, 7 IR Jembil B A R g0 A A
1.2 EEE/RER /MBI &

FREL 0. 4 g 52 BBET =SB b IF A 20 mL
PRRHR E Ry 100 B S R VA WL, A B3l A CO, MK,
AR 4350 2 15.30,45 Fl 60 min, %534 S
L PR 8 h A BB A1 Y CO, Btk 72 5 I R i
W, SRJG, A 24 mg AgNO, ¥ K, 4k & i $F
12 h, 75 3 ¥ 57 09 & A 0P 58 505 F0RS R R 1Y %
W, MR 0.52 mm 19 0 &k 5 28 %
A U S BRI IR AR 1Y) I T LA 1 B 2R
JE3] 100 mL 1 mol/L Ay NaOH /KiEW . /MR
FE NaOH 7KW W i /Nl (3058 4 BE Ak
I e PR SliK ok 2 ok

FEHF AT RAE Z 0T, A R T ML (SCIENTZ-
10N/A, China)¥/Nek#EA7 VR T AL, Fir il %5 19
INERAT 44 R CS-X-Ag, H CSARTEM, X
(X=0, 15, 30, 45 #l 60) %/~ CO, i@ AW H,
64 AR & CO, Fl AgNO, 1 4 7 B B /) Bk
(TR A COHE R RFIE
1.3 NMEESRM

K 5 IR 408 B TR R R AL FE30
(METTLER TOLEDO, Switzerland) 43 5| ] & 55
MRF (25 OO ELE 5 52, B\ I =k,
BOF ¥ E, 8 A6 S (SEM, JSM-
7500F,JEOL)E 5.0 kV HL K T M &L /NER 3¢ 1 119
ESURIE . # i X G4 AT 55 (XRD, Bruker D8
Advance Davinci) X /NER 89 & 44 45 44 3E 47 = 4F , T
OGN Cu Ka(A=0. 154 nm) , 52 B & AT e 3
3R 40 KV A 40 mA LRI B 5°~80°, H
F XRD %t #8 & Scherrer J7 #21+ B 51K K 12,

Scherrer TREAXBEELWT.D= ki;{, Hp ke
Bcost

HHEELEME RN £=0.89;10 I X R K.A=



10 39 B SRR 25 - A B Al IO 7 RO/ R /N ok ) e B A A 4 R B BT 5 - 1323 -

0. 15453 RS0 F8 5 0 AT M. FIH X 5t
L6 T HETE (XPS, Thermo Scientific Nexsa) %f
NERR MR TCRFAT 0T, L Al Ka H2E(1487. 6
eVOAE G I, K B S 72 W, i ad 7
LT E N ESRERERZ) 5X10 7 Pa, 45 &
Al B 12 v L T35 YLk 0 Cls I (B 284. 8 eV), 2K
FH 5 98 4 R Bt 21 40615 (ATR-FTIR, Nico-
let, IS50) Xif /N 3K 1Y 25 A4 #E 47 SR AE , 3948 43 B Rl
dem L HEF KB K 32 W, H L E R 580~
4000 cm ™',
1.4 TERBE/RER/NKNELERTR
TERE WY 5L BE A S A5 A0 e okl , 5 42 AR 72 R
BE/NER AR S A A AR BE . #F 0.4 g /NEKIRIETE
10 mL ¥ BN 5 mg/L B9 H I8 5 7 W, 7 SR S
R E Th, DLk 21060 0 B L 88 00 W B - . AR
A 500 pL ¥ EE R 1 mol/L #ifif il 25 1 NaBH,
KW . B 2.5 mL IREG W E A 908l
FHEEAN AT WG4 (P9, MAPADA) 7E 400~ 800 nm
Y Bl EAT I, BE RS Smin P — R, TEIR
FEWFFE >R FH AR [R] 20 3R L 48 FH 2K 0 fin 4, 92 il
SNEAE 25.35.45.55 °C F kAT,

2 HR5IE

HRAE SCHR N R 38 L CO, 558 BOME Y 0 3 72
FEA N LT A 1 iR, %, CO, Hit
RWE I 2 R AE B S R (— NHCOOHD) 5 88
GBI IR S — 2 558 B Ly H &= 3 R
JO7 A i R R 5

Bl 2 AR CO, J R F . 52 R /1% B
T2 V35 L 1) L S 288 5 R B 1 A b L % fb R
A DANESE bR RN & A, IRl LA L 24

OH
O O

HO
L H, 17

OH

0
on + co, —»
H H1 ho

[ ] OH OH
0
0 0 0
1T o OH + " o OH ——» 0 oH
L Ta HO HO
HCOOH NH, -7 "

CO, AR E M (/NTF 30 min) B, % W0 S
RMBLEEY R, 2438 ABE N 30 min B, k3]
fe/ME L Z GRS CO, 38 A B8] ) 2k 22 55, %5 W
14 FEL 238 55 80 B A T G . 3k R R R B A 1 7 AR
ST RN AT RS AR B AN TR, 2 CO,
TS [F) A R B S VR Y 8 SRR S O R AR RO
R T &P R (—NHCOOH) , [F 2> T 78 B
B E BT ALE L (CS-NH, ), & iR & —Fh
S90R, AN Ty BHL B, X I 1R O M R R
R0, ML R A R4 moKE s, A AT
BN WERE . 24 CO, 38 A B[] 4k 22 38 I it
58 P v T AR I T IR R R A RS L T
AR TR B VU L FOR R . R AL
FE R G R 1 TR A A A5 50 OB 43 F Bk =2 Il R AR
SEHR DT {7 75 v WG B2 3 n B 2= TR A
CO, MR . L rT A, Y CO, i A mFE N
30 min B, 2203 B R 1 7 it 3k B a5 K AE .

Kl 3 J& CS.CS-Ag Ml CS-CO,-Ag /NER I %
TR aT LA 4l 58 RS /N BR 52 (0, T 5 4R
ANEREVR B/ FR 0, X RP] CS/Ag /NER A TE
RGN OK UKL (AgNPs) . % T )5 19 CS.CS-Ag Al
CS-CO,-Ag /NERFETH (1 SEM E 5 (K 4) BoR,
4l CS /INBR 3 T A7 78 S fL L 1 A ER 5 /N ek 2 T
TALIE R AR 1R 51 80% . B2 4, T DL AR 3]
TAR/NERRTAFAEVE 2 11 5. LA CS-30-Ag #Efh
il 3@t EDX X [H S AT T ou R & m A, 45
R 4, SERAREAT 0.5 at YO M A AT
(R O A R, DRGSR Ag EREE . IR
WMELBIFE CS-30-Ag #E S H AU & 2 H 0
w35 X A HF CO, fEH 30 min B, = A il K
2R PR I 5T 22 (AR 5 58 SROBE IR 67 0 141 5 b 4

OH

O
OH

n
NHCOOH

NHCOO=-- H;Nt

OH
H H
(6]
HO n

B 1 CO, 57c BB N o K

Figure 1 The reaction between CS and CO,
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Figure 4 SEM images of the surface of CS, CS-Ag. and CS-CO,-Ag beads and EDX analysis of the

white dots on the surface of CS-Ag beads
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Figure 6 The XPS survey spectra and the atomic contents of the samples
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Figure 8 ATR-FTIR spectra for CS and CS-Ag samples

pd

2N

Kl 9Ce) Pim. Al LA %S 5], CS-30-Ag 1Y £ {H i
KL CS-0-Ag ) b i/, XZEF A CS-30-Ag
FMAR & A H AgNPs B9 R F e/, Rt i ik
T 1 B 1

FRATHE 2 58 T I i B %o AR /N R AL A iR
LW R, 10 Ca) AR 10 (b) 43 1]k fi
F CS-0-Ag Il CS-30-Ag 1E MM, A 6] S i
TR C/C, R A fh i 4. ARE & 10 (a)
FE T0(b) &5 1133 T ARNRE TR, LA CS-0-Ag

(a) (b oCS-0-Ag L(c)
0 min & 0 CS-15-Ag 30 a
| g ACS-30-Ag | _28f
. v CS-45-A T
§ 60 min GO % % g g 5 <>CS-60-A§ E 26
< bl =
£ Ry Agvgéémﬂn ,g24- —n
& = = =22}
= 2,708 g1l
A A 20+
A
1 1 1 1 1 1 1 1 1 1 18 i 1 1 1 1 1 1 1
400 500 600 700 800 0 10 20 30 40 50 60 0 10 20 30 40 50 60
Wavelength/nm Time/min Time/min
9 () W H B 5 o Ji ook 2 0 58 A1) WL IO T 5 (b) AR dh Y In(C, /C o) Bl B[] 9 28 £k il 48 5 (o AN TR RE it 1Y) & B
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Figure 10 The reduction process of MB catalyzed by (a) CS-0-Ag and (b) CS-30-Ag at different temperatures, and

(c) the £ values calculated for different samples under different temperatures
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