Korean Chem. Eng. Res., 57(2), 232-238 (2019)
https://doi.org/10.9713/kcer.2019.57.2.232
PISSN 0304-128X, EISSN 2233-9558

7|El

53064

2=

(20184 112 144 A7,

i

of

2018 12%

E2HH| PEI-chitinS 0|2} H

&t}
] X—]EH:rLX]Z—:] 38
Hob\]/'\a]J_b—l—J,]_

JEREERRTR

O_IAC-’{O* Skt

sferled

TAA A=A

24 =

FAE AR 20199 12 162 )

Removal of Reactive Dyes using Chitin-based Adsorbent PEI-chitin

Gyeong Min Kim*, Zhuo Wang** and Sung Wook Won*>**

*Department of Marine Environmental Engineering and Institute of Marine Industry, Gyeongsang National University,
38, Cheondaegukchi-gil, Tongyeong, Gyeongnam, 53064, Korea
**Department of Ocean System Engineering, Gyeongsang National University,
38, Cheondaegukchi-gil, Tongyeong, Gyeongnam, 53064, Korea
(Received 14 November 2018; Received in revised form 24 December 2018; accepted 16 January 2019)

o
i

e i
7t A3t PEI-chiting 7

o] wliel el

wsjick. YA

HES AR A

o
Lﬂ—_o_)\ %lao

of
O}

913 AAFAAZ Seleleo]n S 7)<

1 Reactive Orange 16 (RO16)S R & A}8-35190 11

RO16°] thet PEI- chlth] F/E‘«XL S2e Brlep] 98 pHYl 93t 5o FALCE e A8S SaEo)

1 A¥}, Langmuir 2]

off 2Jelf AFEwl FHehE22 pH 2014 266.3 mg/gOML, Eé‘ﬁ

ol +EOF AREE 50 mg/Lel

A= oF 208, 100 mg/LoflMi= oF 608 “12]3L 200 mg/LolAs= oF 24002 7SI 2R hujolelehe

582l
7].72} |3 S3e]

_m_ a—uﬂ"— Eoﬂ]:].

NaOH, NaHCO3, Na,CO, 5 880 o35 Frleiglom, dhruopelehs: Ea-8-oellr 75.24%=

Abstract — Polyethylenimine-crosslinked chitin (PEI-chitin) was developed as a biosorbent to effectively remove dye-
stuffs from dye-containing wastewater. A representative reactive dye, Reactive Orange 16 (RO16) was used as a model
dye. The effect of pH, isotherm, kinetic and desorption experiments were performed to evaluate the adsorption/desorp-
tion ability of PEI-chitin for RO16. As a result, the maximum adsorption capacity calculated by the Langmuir model
was 266.3 mg/g at pH 2, and the time needed for adsorption equilibrium was evaluated to be about 20, 60, and 240 min
for 50, 100, and 200 mg/L, respectively. The desorption experiments were carried out using various eluents such as
ammonia/ethanol mixture, NaOH, NaHCO;, and Na,CO;, and the highest desorption rate was 75.24% in the ammonia/

ethanol mixture.
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Fig. 1. Structure of chitin molecules (a) before and (b) after surface modification.
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Fig. 2. Effect of pH on RO16 adsorption by PEI-chitin at different ini-

tial dye concentrations.
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Fig. 3. Adsorption isotherms of RO16 by PEI-chitin at different pHs.
The equilibrium data were described by Langmuir (solid lines)

and Freundlich (dotted lines) isotherm models.
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Table 2. Isotherm parameters for RO16 at different pHs
Langmuir model Freundlich model
pil Gy (M22) b, (Limg) R K, (U9 T R
2 266.3 0.264 0.997 87.84 0.244 0.906
4 229.5 0.844 0.986 100.36 0.189 0.917
6 187.3 1.054 0.992 88.90 0.162 0.894
8 149.0 0.966 0.994 69.64 0.163 0.935
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Table 3. Comparison of a maximum adsorption capacity for RO16

Adsorbent Qe (ME/E) b; (L/mg) Ref.
CS50SP50 190.96 0.014 [20]
Digested sludge 86.8 0.016 [21]
Waterworks sludge 47.0 0.003 [21]
Landfill sludge 159.0 0.010 [21]
C-PW 258 8.44x10 [22]
AC-PW 425 9.86x10™ [22]
Pn/EPS 283.14 1.55x107 [23]
PEI-chitin 266.3 0.264 This work
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AEEQITE o] ], q,,,8F b2l A= B pHE Sl whet 1
ol AR = A B, b #ke pH 8oll4] thA] HAsk= 2o
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gtet=| et Whd, AC-PW[22]9} Pn/EPS[23]9] H Ul &2 425
mg/g$} 266.3 mg/g S 2 PEl-chitin 2.t} 9o} 23t E 3
9.86x10™* L/mg, 1.55x10° L/mg®. & Atfd oz v A8 o 4=
AT} whEpa] 2 Aol AEst BAF A= RO162] 2
QoA 95 FRAEA Q] A 5-S 7H AE BRI

pal R, A
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PEI-chitin®] ol EAI5hH= & o] 2§
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o= 28710l o] ofel9] dojt Ao w HojzitH4]. &
2FeF2- 50, 100, 200 mg/Loll A 22} 74.28, 141.96, 255.10 mg/g O =
50 mg/LolA1 2] E=eER T} 100 mg/Lelk] F 1.991, 200 mg/LollA]
oF 3.50) =gkt SFA R S o] EEekE AR 50 mg/Lell
1|3l 100 mg/LollA &= <F 34l 200 mg/LAlA <F 128) 5718k Th.
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Fig. 4. Adsorption kinetics of RO16 by PEI-chitin at different ini-
tial dye concentrations. The Kinetic experimental data were
fitted by the pseudo-first-order (solid lines) and pseudo-sec-
ond-order (dotted lines) kinetic models.
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Table 4. The parameters of kinetic models for RO16 adsorption
Initial dye Qexp Pseudo-first-order model Pseudo-second-order model
concentration (mg/L) (mg/g) q; (mg/g) k; (L/min) R? q, (mg/g) k, (¢/mg min) h (mg/g min) R?
50 74.28 72.41 0.727 0.981 74.42 0.0152 84.18 0.999
100 141.96 138.48 0.237 0.967 142.67 0.0032 65.14 0.994
200 255.10 235.54 0.086 0.899 247.74 0.0006 36.83 0.958
u].al;d ) 74 o= Eo 1;]. 4. 7E:| E
fHAF 1A 5234 k2 RO169] 527t S7k5 71 417F
0.727, 0.237, 0.086 L/min®.= 37 o}ﬂ] Aol g, AL 2 A= WA AEE AASH ] flet FRAIEA 78S
b S8 k9 Al 0.0152, 0.0032, 0.0006 g/mg min S 2 7ol = 719ko 2 8k AA| g 291 PEI-chiting 7akAt). RO16°1 sk
Al ZFA3IT) rE A 2 27 32T (h)E 84.18, 65.14, 36.83 PEI-chitin®] &34 52 F718li o, 2 A3= v} o)

mg/g min®. 2 I A 714319 RO16%] F7t S71Ee] el 7]

FAEETE ks S & 5 ol

3-4. SR

et FERAlE ol Sl thet et FEM S Slell
& FHA L Aol Thsslof gt F, FAA 2 9RE
) BHE < Qoo k. whek EA] ko FHA|9] g
WAFZ)Z Q1% W8S Bl thake Hﬂﬂ%&‘ﬂl ge A=

o Aeju]go] Wy
ZHE ROI6S :‘@rﬁﬂi %}X‘Q ? p
=3 ’\Lfﬁiohﬂr(Fig 5). SN O F = ol L]o}/of| gH2-(2:3, V/V)
&3+g-91, 1 M NaOH, 1 M NaHCO;, 1 M Na,CO;Z ﬁ %}Ot
ol g 22§ 82 NaOHON A 32.43%, NaHCO,°ll 4 10.38%,
Na,CO;°NA 7.94% Z12]31 R Yoloehg 3G dor =
75.24%5 7V sEokth. A ]l o B oldhas A}%—% G

ofgh&2] S| EF A7) QJdl Aai= olehEol A Hrh26]. o]l
S} 3 52 59 45 0 el shelelelel e éxl gko.
WA O A g2 A HE} 27]. WA PEI-chitin®] RO16 &
Aol glot At oflekgo] el Qhviobelere Egkgelo] 7bg
£8291 B2 g9l 9 & 5 A3k,
100
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-
o
c
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Fig. 5. Desorption efficiency of RO16 by various eluents.

gl sFadrt.

(1) PEI-chitin]] ﬂﬂ RO162] 522 pHE| Wigte] w1zka] vk
331 AL, pH 2~4-ellA 2 9] FARE Ryt

Q) o5 7—‘,”‘3164 @;} Langmuir . 2¢] Freundlich @Rt} 2
HANE 0 & BASIS 1| Langmuir® 2ol 28] A% F
th&- 22 pH 20014 266.3 mg/g® & 71 ka1, pH7} 20014 8%
SVt whel S22 149.0 mg/gO 2 44.0% A3k

G) FHAEHEE AT 47 A} 22 S Bl o] 1S 233
A BAFEGl o, d 8] 27157} 50, 100, 200 mg/L & W, &
2 o] TEheHs A7 oF 204, 603, 2401 0.7 HR 2 27
Sl sl ]2 o)l

(4)RO16 EZof| glo] kol ghg E3l-g ol
NaHCO;, Na,CO Rt} $<=3F 225 -8-5 pehjlc),

< NaOH,

At

‘?j A (NRF-2017R1A1A1A05000741).
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