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Decontamination and adsorption modelling by cellulose—based adsorption materials : A review

DU Zhao—-lin, CHEN Hong—an, QIN Li, LIN Da-song, HUO Li-li, WANG Wei, HAO Pei-tong, AN Yi"

(Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: Cellulose-based adsorbents received growing interest in the field of heavy metal and organic wastewater treatment, as they have
the advantages of being abundant in quantity, widely available, inexpensive, and renewable. This paper reviewed the research on heavy met-
al and organic pollutant removal by cellulose-based adsorbents in the aspects of adsorption processes and adsorption models. The logical
relationships among adsorption processes, adsorption models, adsorption mechanisms, and adsorption performance were also discussed. Fi-
nally, the existing problems of cellulose~based adsorbents in the fields of heavy metal and organic wastewater treatment were summarized.
The prospects for real-world application were also proposed.

Keywords: cellulose; heavy metals; organic pollutants; adsorption model; mass transfer
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Table 2 Isotherm model parameters of pollutants removal by cellulose-based adsorbents

L2 22 HL A —_— HLEE Langmgiﬁﬁlﬂ Freundlich 7Y -
Cellulose-based Pollutants Temperature/ pH Langmuir model Freundlich model References
adsorbents C qu/mg-g"  Ki/L-mg’ R2 K/mg' ™" L g n R2
R e 2,4- " EUREIL IR 30 3.0 51546  0.0013  0.999 0.6895 1011 0923  [45]
AR I 1 Cd(T) 25 6.0  25.85 0.074 0.99 0.04 278 093 [46]
GEE Cr( VD) 30 20 1217 0.1833  0.980 27133 3.019 0993  [47]
T Bz Pr(1l) 50 — 58.8 0.016 0.946 2.391 1.831 0.877  [48]
ZIRFEFE Cd(I) 25 55  84.74 0.006 8 0.99 3.92 0.453  0.98 [49]
PP e Al B Ph( 1) 25 4.5 8.53 0.176 0.913 1.564 200 0.942 [50]
Zn( 1) 25 55 241 0.0838 0912 0.456 2703 0.900
Cu(Il) 40 50 548 0.0915 0978 0.686 1.923  0.863
FREE MOV TR e 25 7.0 12500  0.0119  0.999 12.77 3.04  0.941 [51]
B 25 - OV Bz e san 25 3.0 107 0.0185  0.9998 19 289 0965  [35]
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T RE 5 Y AE MR A R S R A TR AL RS R
AR AL AT RERIN . AHOH M 19 kJ - mol ™,
B R o 2ok P A ot 2 R B, 0 2 A S A B
3.2.3 W Bl Ty
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AR 3 3 T B O T RS I X 3 8 W A
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= B R A A RN SRR, A BN B B T
FE JI Ay o A W B 3l R 1 o s o 2 R AR R
Bl F7 AR R B 400 4 SR AT DA R I R 2 1 R T R
FEAE 4 A5 RS JE T 5 52 B 1 R+ 17 W o T
2t E BB B ) SRR RV HE— 2 B ) o
R Y — 2% 8l 1 2R HT Weber—Morris PN 4 U
RI%E

WE— 2] By ) 2 R IE FH T W By R Az
W 6 A Ak 2 T3 P S0 B T Y T R P A —
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dg.
d(i =k (q.—q.) (8)
In(g.—q.) =Ing. — kit (9)

A qe VA B o mg e g7 5 g oA o B 26T 1 P R B
T, mge gy b R IE— SRR Y W B R R B, min'
W B BSF ], min

HE G ) ) 2 RS P 0 B R R
B A sk 2 T V5 P A AN SO T Y s R E R T
FA RN DL, LR R 2Rk AN A (10) FH (1)
TR -

dg. _

% =k (q.—q.) (10)
t 1 L

- = + —

q. kzqz qe. (11)

ko R UE ST I R R AL, g mg ™ min

Weber—Morris PN 4 iR 386 F W B o A7 76 4
AL ORI N 3 HIGE R A1 0 , 50 W B ot i v 4 3 0
R, AR AR GR AN A (12) IR

q =kt +C (12)
2 b g Weber—Morris A 47 BIURSE Y 110 W5 B 38 32 3%
B ,omge g™ min™; € Ny ST W AR 1T B2 IR
) —AH 8, mg- g, 2 CIEH BT %R B PR
W G R

WG BRF 2ok R P 42 A0 R 2 P MG S sl N A B
ISR FH A AR I [ ), 5 A B B 3 ) A A
HEAT A3 0T o 3R 3 FNER 4 43 550 M1 2 2 2 B A R

XoF B 4 J A HILTS G I — A Y o — i R A
WP BRI B 122280 3 3 T, 27 4 3 30
BE A R X6 B 4 S R MUY Y 0 0 M I 3 R R4
Bt SR AR W B S 1 TR N7 1 I
ek 2 T8 075 1 A5 BRI 75 e 0 Al FEE A TR 2% 114
SZUR . Pandiarajan S5 5E o #fE— 3l T 2 B RV RN
WE 2R 8 J1 2 R S0 1 R 433104 0.992
F10.999, H#E — FAE A IHFE Y g. Ky 34.76 mg- g™, 1
IS HG A 34.80 mg - g, R B IE K SN ) AR AR S
BT H A ARG B TR 2, 4- ARSI Z R Y A
IR B R . 25 A 3% 4, R N OB R X S B
AT, R4 0,968, £ H A BRI AEE ¢ A &,
T A B 6 P BT 2, 4— SR SR R TR 17 W o At R
H AME S5 A N B O [l s

4 EHEWRMTEREER

4.1 HEEMIEZMEE
4.1.1 7K )50

7K 3 AT D OR VS VR [ DR W A P 45
B BsF 1), 52 M R R Rk 5 45 G 0 P fh st 1) 208 1 5
M) oA Ak %) Sl 25 W B R Y, 17K B K, 35 e ) A
[ 2 A o (1% 5% B s [ et , (A5 4 3 S B AL R
15 YLy (1) 42 fl ) 4 Jet | DT AR B30 375 B () 4 e, A
B S W RE T T o ez, 7R R i i 7K i
T, ZRE I A A, B AR RE D HR v . AT

R AHEZRBERMMRBRTIRNE-—RINEZ RN N ZRBESY

Table 3 Quasi—first—order and quasi—secondary—order kinetic model parameters of pollutants removal by cellulose~based adsorbents

CF Y 22 L0 R R - LR HE—Zg)) A HEZ gy Jy A i
Cellulose—based L Temperature/  pH Quasi—first—order kinetic model ~ Quasi—second—order kinetic model }‘C@(
adsorbents Pollutants < A 5 o T References
q./mg-g k1/min R q./mg-g”'  ki/g-mg'-min R
i B2 W A 2,4-"HRRHE O 30 30 2864 00162 0992 3476 0.000 3 0.999 [45]
A A (V) 25 3.0 0.25 0.02  0.870 0.23 2.485 0.903 [59]
pvi Cd(1I) 30 50  117.19 0.018 0977  41.67 0.110 0.999 [60]
FH R OV B2 Ph( 1) =it 5.0 274 17924 0.999 2.81 1.887 7 0.999 [61]
FRIL PP E R M 25 7.0 12500 0.0119 0999 1277 3.04 0.941 [51]
B2 HE el A Ce(1Il) 30 6.0 289.1 0.0382 0.874 3127 0.000 2 0.978 [62]
T4 FHZEBMRBRISIROAYT B3 N EER S
Table 4 Internal diffusion kinetic model parameters of pollutants removal by cellulose—based adsorbents
B en g P gL} L " PR e SCifk
Cellulose-based adsorbents Pollutants Temperature/C P Jmee References
s B 5 1 A 2, 4-THE R R 30 3.0 2.167 6 0.968 [45]
BRI Ce(1Il) 30 6.0 9.79 0.999 [62]
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15 Y I VR RH R A /N R I EOM R B A
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125 W RS TR AT LAAYS B8 AR T [ R T2 Y
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