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Adsorption and Desorption of Dyes by Waste-Polymer-Derived Activated

Carbons

LIAN Fei'”,LIU Chang' ,LI Guo-guang' ,LIU Yi-fu',LI Yong',ZHU Ling-yan'

(1. Tianjin Key Laboratory of Urban Ecology Environmental Remediation and Pollution Control, Key Laboratory of Pollution Process
and Environmental Criteria, Ministry of Education, College of Environmental Science and Engineering, Nankai University, Tianjin
300071, China; 2. Centre for Research in Ecotoxicology and Environmental Remediation, Institute of Agro-environmental Protection,
Ministry of Agriculture, Tianjin 300191, China)

Abstract: Mesoporous activated carbons with high surface area were prepared from three waste polymers, i.e. , tire rubber, polyvinyl
chloride ( PVC) and polyethyleneterephtalate ( PET ), by KOH activation. The adsorption/desorption characteristics of dyes
(methylene blue and methyl orange) on the carbons were studied. The effects of pH, ionic strength and surface surfactants in the
solution on the dye adsorption were also investigated. The results indicated that the carbons derived from PVC and PET exhibited high
surface area of 2 666 and 2 831 m*-g~'. Their mesopore volume were as high as 1. 06 and 1.30 e¢m’ g ™", respectively. 98.5% and
97.0% of methylene blue and methyl orange were removed in 15 min by PVC carbon, and that of 99. 5% and 95.0% for PET carbon.
The Langmuir maximum adsorption capacity to these dyes was more than 2 mmol g ™", much higher than that of commercial activated
carbon F400. Compared with Freundlich model, the adsorption data was fitted better by Langmiur model, indicating monolayer
coverage on the carbons. The adsorption was highly dependent on solution pH, ionic strength and concentration of surface surfactants.
The activated carbons exhibited higher adsorption to methylene blue than that of methyl orange, and it was very hard for both of the dyes
to be desorbed. The observation in this study demonstrated that activated carbons derived from polymer waste could be effective
adsorbents for the treatment of wastewater with dyes.
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Table 1  Physicochemical properties of MB and MO

, . 4 J - , A
ek TR KSR WMATRR  %ow pK, :
nm /nm
A CysH g CIN, S 1.70 x0. 76 x0. 33 320 B ket 4.5 665
FH L C H,N;NaO;S 1,31 x0.55 x0. 18 327 iR CE 3.4 465

1.2 WM A& SRR

VB 45 % 1 KOH I Ak, 43 BIFREL 20
g JFOBFF ROV g9, 7E 300 em’ »min B SEPTR,
PA5 °C -min ' FHE E 600°C 51k 45 min, 1§ R
5 s AL B i 91 5 3% 4657 ( KOH #K ) LA
ik 1: 2580 G, Re HAAER TR T L
5°C +min "' FHEZE 850°C I k. JEEETE AL R Ak
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PVC H1 PET 44 90 min. KiHI75 5935 46 7= 9 1 500
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FHZEBKBE R TP IES , T 105CHET; M) i 150
pm i, e FAR IR A . AR IS R R 43 il
PRGN ATR, APVC Fil APET, Hid A fRFETE MR,
TR .PVC .PET 73 SR EE AR R A L R X
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Fig. 1 Point of zero surface charge of the activated carbons
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K3 W 1 25°C ,pH =7 %4 F, MB #l MO 7E
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BEAR TR 3 F -
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Table 2 Elemental composition, ash content and structural parameters of the activated carbons
. JLER T BRI % FRMICR PTG B % jfd}ﬁ)f,ﬁ
C H N 0 S C 0 H Si Cl sh BUESEU%
ATR 82.9 2.01 0.43 2.66 1.50 87.5 10.3 2.01 2.15 0.07 n/db 10.5
APVC 86.7 1.31 0.50 6. 12 n/d 95.4 3.70 1.31 0.44 0.05 0.37 5.37
APET 80.0 1.76 0.52 16.6 n/d 77.6 21.7 1.76 0.55 0.12 n/d 1.17
F400 89.3 4.3 0.5 5.9 n/d 79.1 16.9 3.30 n/d n/d n/d 8. 50
Wi H WRMAY Pl SRR EAETIES DFT LA /em® -g ™!
/m? g /nm /em? -g 7! /% <0.7 nm <1.0 nm <2.0nm 2.0~50.0 nm >50.0 nm
ATR 398.5 3.81 0.38 42.1 0.03 0.08 0.12 0.16 0.10
APVC 2 666 2.16 1.44 73.6 0.00 0.03 0.25 1. 06 0.13
APET 2831 2.37 1.68 77. 4 0. 00 0.04 0.25 1.30 0.13
F400 1003 2.07 0.52 46.2 0.07 0.11 0.25 0.24 0.03

1) ARAGI 5 2) R4 BET Jr 43 AR AR 5 3) BALORFR A X R0 0. 985 I Ay 20U B et f 5 5 4) AR H1 85 38 e BCHERE ( DFT) 33545 2]

0.8
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L2 srAilem® (gnm) ™!
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- |
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S
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>
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Ak

(¢) APET

Langmuir F7 ,

2 4 8 16
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25
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35 (d) F400
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Fig.2  Pore size distributions of the activated carbons
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Fig. 3 Adsorption kinetics of MB and MO on the tested adsorbents
3.0 25
(a) MB (b) MO
25 20
o— 20 | o
2.0 —/ «—o— ° o’ e— .
/ .
T.—l o ./ T.—l 15 b ./
g 5 /
g s / g »
B ‘T F 06
1.0 v v—Y v
v —
R v o= APVC v
u ~e— APET 0s b /
05 g A -~ ATR T
A v F400 A A A 4
$ |
b r.
U 1 1 Il Il 0-0 4 1 1 1 1
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B4 TWERED(MB)FHEEE(MO) 7 SRR IR M _Er %R R 2k
Fig. 4 Adsorption isotherms of MB and MO on the carbonaceous adsorbents
R3  FPREMKEER _ ESE R M ZE Langmuir 71 Freundlich #2428
Table 3 Langmuir and Freundlich model parameters for dye adsorption on the activated carbons
. Langmuir J7 ¢ Freundlich J5 &
ekt WS . — 8 ~ ; e :
(Q”/mmol - g K/1L.-mmol R Ky/mmol” 7" -L" - g n R
ATR 0.44 +0. 02 355 +£85.0 0. 959 0.65 +0.07 0.19 0. 839
MB APVC 2.36 +0. 12 373 +93.8 0.958 3.62 +0.48 0.21 0. 830
APET 2.07 £0.05 182 £26.0 0.979 2.86 +0.24 0.21 0.901
F400 0.94 +0.03 362 £62.2 0.987 1.36 £0. 19 0.18 0.759
ATR 0.31 +0.01 96.4 +14.0 0.978 0.41 +0.05 0.24 0.811
MO APVC 1.96 £0. 14 408 +117 0. 962 2.98 +0.56 0.20 0. 682
APET 1.75+0. 12 133 £40.0 0.974 2.50 +0.40 0.23 0.726
F400 0.89 +0.05 86.0+34.6 0.928 1. 17 £0. 06 0.23 0.958

Langmuir B8 220 HI T X B BRI R 5001 BE AR 48L& M X R 8 R, TE M E &1 T,
JE R, 1T Freundlich #5571 AT DLAG 206l i 3FE 3 % Langmuir 27 [, Freundlich #5 %4 58 0% 57 4 b 3 i 2
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PERHIAS AR HEA MY H AR L R
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