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Preparation and adsor ption properties of polyamine
modified dialdehyde chitosan
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Abstract: An environmental-friendly polydopamine modified dialdehyde chitosan (PDA/DCS) was
synthesized by polydopamine (PDA) grafted with dialdehyde chitosan (DCS), which was prepared via sodium
periodate selective oxidation of chitosan (CS). The two kinds of modified chitosan were then characterized
by SEM, FTIR, N, adsorption-desorption and XRD, followed by investigation on their adsorption
performance for carmine. The results revealed that the active aldehyde group generated by sodium periodate
oxidization of CS could covalently bind to PDA, and the selective oxidation could effectively improve the
adsorption performance of both DCS and PDA/DCS. Compared with the unmodified CS, DCS exhibited
decreased crystallinity and increased porosity and specific surface area, while PDA/DCS displayed a
dense porous structure. The adsorption processes of carmine by both DCS and PDA/DCS followed the
quasi-second-order kinetic equation and Langmuir isothermal model. Moreover, the adsorption rate and
capacity of PDA/DCS were significantly enhanced in comparison to those of DCS. The maximum
monolayer adsorption capacity of PDA/DCS reached 1194.4 mg/g when the initial mass concentration of
dye was 700 mg/L. PDA/DCS still kept an adsorption capacity of 616.90 mg/g even after five recycles.
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Fig. 1 Effects of DCS with different oxidation degrees and
grafted PDA on adsorption of carmine
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ZALEH, HILSFLZ BB BE%E, JiBH7EXT CS
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Fig.2 SEM images of CS (a, b), DCS (c, d) and PDA/DCS (e, f)
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Fig. 3 Pore diameter distribution of DCS and PDA/DCS

# 1 DCS 5 PDA/DCS W% | fLERFM R m

Table 1 Density, porosity and specific surface area of DCS
and PDA/DCS
R RERE B /(mg/em®)  FLERZR/% b 2% i A/ (m?/g)
CS 15.57 68 10.33
DCS 11.24 90 46.26
PDA/DCS 10.53 95 51.78
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Fig. 4 FTIR spectra of CS, DCS and PDA/DCS
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FEEHE C=0 WIhgEHRshE!"™, XUFH T CS #A%
U5k . 5 DCS W15 EIHH L, PDA/DCS 7£ 1645
cm ' Ab IR SO BH NG, T AE 1740 cm ™' 40 I & TS
FE ) C=0 FRAF WG B B 55 , iX R 22 F DCS
PSS PDA KA TR KW AR OB ) C=N fk
5 1645 cm' B m o s AR mEY, kAh, DCS
7E 3281 cm' AbIHJE T#IE—OH AT I, 7E
PDA/DCS % &l v [ i 5 850k A= AN RS, 56 32 ik 14
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24 XRD & #f
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Fig. 5 XRD patterns of CS, DCS and PDA/DCS
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1 A A T E(100) 5. 5 CS #ikk, DCS
B4 HE AT S DA AR iR B A B R, AR BIAE 20=11.5°4b

FRAF LA 25, 1 20=20.7°Kb 75 13,55 11t T foy 06
WA CS - FNER R S IR, 45HA
FEPER KRR, 45 PR B!, DCS 2572543
ks, YR A, AR TR WM. 5
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SIAZBEL DCS W25 ah B2, {H DCS 5 PDA ZI[AiY
AN FNAE AN G5 A2 G T 4 A BTy, &
£330 PDA/DCS 45 EARMEAR, HEALE5M1)
BRAE , (A AL I, W AT — 2
2.5 DCS5 PDA/DCS i Bl s 2T B I Bft 14 & 4 1
2.5.1 pH %58 B TR WL AE 69 % v

¥ 1.7 AR FERRAR A 4R v A 300 me/L,
WeRRSIE 5 h 25, ME DCS Fil PDA/DCS 435
TEATE] pH B[] 5 T XoF JIRBG £1 7 T %) e e i 2%
9 6 i .

IR/ C
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1100 T T T T T T 750
1000 F PDA/DCS 1700
g 900 - 1650 @
£ 800 DCS 7600 g
lﬂﬁ 700 - — SSOEEH
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400 1 L L 1 1 1 Il 1350
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K6 Al pH 5i&E X DCS 5 PDA/DCS W ff IR g 21 i
A
Fig. 6 Effects of different pH and temperature on adsorption
of carmine by DCS and PDA/DCS
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Bl pH A3 in HL o B AR fl i $4 A — 2, {H PDA/
DCS )W fff &9 & =5 F DCS, EE KA PDA/DCS
S i BTG M A 2 T DCS. DCS 7 pH A
2 WX HR RS LT W B R i, LB 605.2 mg/g;
MRS pH ¥ Em, DCS AW e 2 87 F
W, 3XE T4 pH B E I, DCS 437 b & 3L A
BRI LT, SR IF AR 2T I RE 71 . 5 DCS
Hit, PDA/DCS 7€ pH A 3 B W BFF 4 fic b, LI
o0 743.8 mg/g. A W PDA/DCS B 3dE W Bt pH 4%
DCS A Frz 4k, X vl fig /& i T 4247 PDA J& , £ DCS
SFEEPEIAT REMRER . ZIEEMEE, WinT
FRHLI S R EREVE FHSE s L4h, PDA M35 F L5
— MR R, SHEEN BT, G5
NRELEH P ZER LY« BT Z B o FHEAEH
J1, BAFEORMHRAE L 71 pH & X 8 r
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PDA/DCS X fIf i 21 (1) Wi ot 2t 47 52 30 5 34 hn I o 2>
HyRass . BEE TR, YR T s gk Rk,
BT 5 DCS 1 PDA/DCS 2 T 17 14 5& b 1 52 3 HL
2, Wl TR MIRBE R 50 °CHE, WA F A
AL B AR B A e s (Y R BRI B Ak T, ]
BE 21 WS A HEAT L R 6 390 1 WA et S 1 A
Fr R
2.52 R A FEE S

e 1.7 TAERR, FENHBSLIRILE B HE S 300
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Fig. 7 Effect of time on adsorption of suction by DCS and
PDA/DCS

mE 7 AT, fERRPE M E R T, W R
B H DCS F1 PDA/DCS ¥J7E 30 min PN W Fff & 1 i
Hihn, 30 min Bf DCS W&k 451.3 mg/g, 1M
PDA/DCS W FffH2 2. ik 612.3 mg/g. 4kEEFE A W fff it
(B, 1 b L W B £ A 3 4 TR . DCS M
PDA/DCS W BN S £ S AR 38 3 - T it BsF ]
2R 120 1 80 min , X L W B 124331 24 585.2 i1 700.1
mg/g. "W, 5 DCS ik, PDA/DCS 1) iff 5
I B 534 A B B BT

DCS 5 PDA/DCS W fff 5l ) 2= 180 Je oS4k
Wl 8 FiEk 2 Fis. WE—H 3l 1B R TRk
W RS Py B AR X (6) ), MEZ ) i
AR TR R A A2 B f (5 (7)) .

In(ge—q,) =Ing—kit (6)

/g =1/kaq>) +t/q. (7)
e g R 50 I BT A7 A IR, mglgs g
W2 B 390 A6 B8] ¢(min) B A WG Bf £, mg/gs ks ko 53900
RUE—G . HE G BT Bl g A R AR R
min' Fl g/(mg-min).

m & 8 fiZ% 2 nJ 1, DCS 5 PDA/DCS #E—

R RIA O R B0 R YO, L R S A %
T A S BRI e, PRI, R A
Xof I B 1 014 W oA AR T 20 v G B Sy AR, X
P, DCS 5 PDA/DCS Wt R i £1 Gkt 43 1 it
T R B2 2E e B ], DCS B2 ¥ | Juflide
N RS EAE RS, W PDA/DCS F 258 i
RIS | | - VEFH T SEVE . BeAh, WE—9s)
F125 B IR AR T — 24 sh 1% 2%, Bl kT
0.9, 1] DCS 5 PDA/DCS "W B IR g 21 ) 1k Bt 2
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I WE— R I By AR 6 i 22
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5 _
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Fig. 8 Fitting curves of adsorption kinetics model of

carmine by DCS and PDA/DCS

#2  DCS 4 PDA/DCS W Bt AR £ 14 3l ) 2 S 4k
Table 2 Kinetic parameters of DCS and PDA/DCS
WE— G I B0y ) 2T o G B B g AR

MR AE B Getseal kymin-! R Ger.call kal[g/ 2
(mg/g) " (mg/g) (mg'min)]
DCS 389.358 2.37x107% 0.976 625.000 1.497x107* 0.998

PDA/DCS 328357 2.13x107% 0.966 769.231 1.92x10* 0.999

253 RWEFBREAER M

% 1.7 28R, 1€ pH=3. 50 C. WZHtAS[E] 5 h
M, W%E DCS 1 PDA/DCS 1EA [F19) 44 5 & v
JEE AR P 1 b b i W B AR A 2, 5 A an 1A
9 i, HE 9 AN, il A AR 21 0 vk I G
DCS 5 PDA/DCS W & ¥4 5 2 s s & %
2%, {H PDA/DCS 5 DCS )W i 2 i bt 75 ek i
VR S ) 1 ROk R B S, Y YR T R R S F
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700 mg/L B}, PDA/DCS #HEHI i AT 3k 1194.4 mg/g,
EA DL BRI . LRI DL, H2k PDA AT RK
FE3E DCS X MF AL YLt} i Wiz B

——DCS
——PDA/DCS

0 100 200 300 400 500 600 700 800
PRRELL 046 57 B W B ((mg/L)

Flo  FRBRELE ik X DCS 55 PDA/DCS Wi B RE Y 501
Fig. 9 Effect of initial mass concentration on adsorption of
carmine by DCS and PDA/DCS

39K A Langmuir 257 28 #1 Freundlich 55 i 2k
BASHATRAE S, AT
Langmuir 52 : po/qe=1/K qm)+pe/qm (8)

Freundlich 5#2: Ing.=In Ky +Inp./n (9)
A K & Langmuir AERIHE, L/img; q. W
EFSF- 7 st W8 5 550 A W8 B S mg/g s g R R RO B
mg/g; p. NIRRT R R EWE, mg/L; n AFE
O VAR R IR B R T 2 RN R, 2 m>1 B
FRLW R N AT, RZMAES HAT; Ke
J Freundlich BEEIH %0, [(mg/g)-(L/mg)]"", Fmmk
B 52 7 BE T 5 555

DCS 5 PDA/DCS W[t Bl Ag 1 i) 45 IR 2o B 75 =
BN 3 fiac. MWE3I AL, 7£ 50 °CTF, DCS 5
PDA/DCS fY Langmuir A5 BI04 3¢ 250 R B,
XU DCS 5 PDA/DCS %I S LT 4 it W Ff 5ot i
IV o1 20 3, R Freundlich S5 7 2
W YORT 1, U B R RE IR G 21 04 W% B 25 B
AT o ZEA R ) ) F R Hr 45 R 3R, DCS
5 PDA/DCS Xf Je i) me it 3= 24k 27 e by, T
PDA/DCS R 5 £ F DCS, Ik, PDA/DCS K
PRI AR K B & T DCS, AT ik 1201.319 mg/g,
HBUE 5 S PrW fffHE 1194.4 mg/g AEF 3523,

%3 DCS 5 PDA/DCS W B H i £1 i S5 IR 2R AR B S 40

Table 3  Isothermal parameters of carmine by DCS and PDA/DCS
Langmuir 574 Freundlich & #!
LTS —
g/ (mg/g) K1 /(L/mg) R’ Kr/[(mg/g)-(L/mg)""] n R’
DCS 865.326 4.814x1072 0.989 211.679 2.649 0.872
PDA/DCS 1201.319 6.763%x107> 0.991 353.357 2.480 0.738

[ 258 A= 1y o A e % B 500 %o R i 21 g W% e %o 1
g 4 frs.

K4 RIS T R AR R A I £1 A I B X L
Table 4 Comparison of carmine adsorption capacity by similar
biomass material sorbents

W B A L W B 5/ (me/g) E RPN
FE RS 3 Ky 22.16 [23]
Btk PPy/ATP 52 G MK} 63.90 [24]
M fLEE IR 194.80 [25]
YU REYE CS 526.32 [26]
Tk CS 1079.00 [27]
PDA/DCS 1194.40 ENGIE

. PPy/ATP S REMEME/UT MR £

553 1 55 SR S A 1 SR AR T I B T R A
PEREA HE, X PT A  sC Bk CS O RITAR BF 5T 1Y
PDA/DCS W ffH 4435 %) 1000 mg/g LA F, WeRftiEfE
Yo, BAEEE CS il i F 1 X A5 fa 35 B K Y
HHOJE R A S TN e o S8 ), RO M 22, T
PDA/DCS il & it PR fa] 5. 25 17 H IR o
2.54 MAFHH

DCS 5 PDA/DCS X ifl 5 21 i) W B #5230

th FnS 502 10 58 5 FR.

- DCS
5| * PDA/DCS
4L
£}

2+ ;\‘\
1L .
0

30 3.1 32 33 34 35
UTI(10° K1)

K10 DCS 5 PDA/DCS ¥ HEHRZL M B ) 224005 i 2k
Fig. 10 Adsorption thermodynamic fit curves of DCS and
PDA/DCS to carmine

T AT U B AR ) 2R S HOR A I R B i A, AT
M7 A L RE T Y RE W B A 2 e, X DCS 5
PDA/DCS 43 HI7E 293.15, 303.15, 313.15, 323.15,
333.15 K TS AR T LA FI S E0 TR . i
BAKXWMT .

(10)
(11)

Kd:(pO_pe)/pe
InK4=AS/R —AH/RT
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540 &

AG=AH —TAS (12)
K po MIHNBLLIEW BRI UG B W, mg/L; pe
Sy W B0 SPGB R MR, mg/Ls K AW
e R 50 R S BRAH SRR 40, BB 8.314 J/(mol-K);
T RIGE, K; AG MAsHEE M A HAEAS, ki/mol;
A H RFRUERSAS . kI/mol; A S MFRMERIAS, J/mol,

%5 DCS 5 PDA/DCS X {5 £L 0 b5t 2 i) A ) 2 2 80
Table 5 Thermodynamic parameters of DCS and PDA/DCS
for carmine adsorption process

2 56 et T/K

AG/(kJ/mol) AH/KJ/mol) AS/[J/(mol-K)]

DCS 293.15 —4.44 — —
303.15 —4.52 -2.04 8.17
313.15 —4.60 — —
323.15 —4.68 — —
333.15 —4.76 — —

PDA/DCS  293.15 —11.95 — —
303.15 -12.17 -5.49 22.04
313.15 -12.39 — —
323.15 -12.61 — —
333.15 -12.83 — —

TE: —RmBA .

HRPELA 45 57 A1, DCS 1 PDA/DCS (4 AH
B E, DO B AT I B S R A T R T
FHUZREATRY AG Yo T8, HLFEE IR B B T &
W, UEIII R R A R, LR A T AR
TR R i AT, (R R, MR RE T R, S5
TS T2 L O 8 X R B AR i S e 45 2R — 3 Utk
4h, DCS Fi1 PDA/DCS 1) AS ¥ EAE, S e
RO R 2R PR B
2.6 PDA/DCS WMtE M

PDA/DCS # R W Bt IR RE 2T 4kt iE DL & 28 5
R B - B s ) SEML TN 11 B .l T
PDA/DCS #EHIIR W kS , S5t728 AR, &
T fE 2 — e Rl ks, B P RIRE ; T2 5 RN -
JBLB IS , PDA/DCS FLBRZEF A BRBEIR , AR RN L,
F T RS, 5% B — S YR UL, T D0 W 6 - e
W SACEA NI YV N AT o [ o

Bl 11 PDA/DCS 24U Bh () S BY- R (b) 9 SEM ]
Fig. 11 SEM images of PDA/DCS after adsorption (a) and
adsorption-desorption (b)

eI 1.8 AR, 7E MW ARG 20 Ye i ot vk B

700 mg/L, 50 °C, pH=3, WEFffAF[E] 5h 44T, W
B V-1 /5 119 PDA/DCS M4 RIS 3247 1 B -5t B 552
5, S5 RN E 12 JroR AEPEME T 5 Y5 ,PDA/DCS
AR X5 BB R 000 W B A BT R R, IR R
51.65%, {HIZHHRA4 %] 616.90 mg/g, it 5 K%
FRE-MRR S B JS RS A9 PDA/DCS B0 41 5 4k
T 5 B Al 1, PDA/DCS W ik 57 5 & M B 4 1Y
20 mg F&k 15 mg, Z5A K 12, PR S KGR
BB N BT AR R O fE B L YRR R,
PDA/DCS )5 i 151 2 LA B o% B3 114 Gl 2y f HL v P
(R 2 e

1300
W {1200
1100

— R

3 4
PEIE IR BUR

¥l 12 PDA/DCS i & & {fi i g
Fig. 12 Reuse performance of PDA/DCS

XFHLEE 4 o (R 2 A W SR R BRI G 2T
5%, SCHEREE CS MR EAE 3 WIE, WRERA
52.23%200 B FffE A A B 274.89 me/g, 5 HAI M,
PDA/DCS £ 5 WAEFF| W 47535 2 600 mg/g
Pi b, HAEENTEE RN, 7558058 ok
i — sk PDA/DCS We BB RHR A5t feoe v, #F
117 2 e P AR R R

3 #ig

(1) 383 B PR S AT RN 22 SO v 43l il 5
DCS F1 PDA/DCS i Fh ¥ O AU B 1A A6k o F ORI 35
MM EA, CS LA AEMEER, "5 PDA
KA RGN ; 5 CS AL, DCS 458 B T R H
W R ERZFLE5H), 1 PDA/DCS FLBRR AL E
T R — A3 2 95%F01 51.78 m%/g.

(2) DCS 5 PDA/DCS X} I g £ Yl ity m bt 24
TFEWE P ah S 2RV Langmuir A28, P00 HL45
T2 FW M 32, P R Tl [ & AT, TR’
R e 77 B I B T T 3G 5% . 5 DCS #H L, PDA/DCS
F14) W o6 3 5 1R B S 35 B B 32 71 ; PDA/DCS W bt
MRHERR IR 20 4% pH g 3. IRJE R 50 °C. ekl
W N 700 mg/L, WK 5 h BF, 0% R AT 5
1194.4 mg/g, HA L5 MM R5CR
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