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Fig. 1 Infrared spectra of chitosan and CEC
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Fig. 2 Infrared spectra of montmorillonite and composite
adsorbent
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Fig. 3 SEM spectra of chitosan and CEC
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Fig. 4 SEM spectra of montmorillonite (a) and composite adsorbent (b)
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Fig. 5 XRD spectra of montmorillonite and composite ad-
sorbent
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Fig. 6 The standard curve of Cu*"
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Fig. 7 Effect of different proportions of adsorbents on the
adsorption of Cu**

BEARAR 1-3 FRZEWA . FoRAE . ROHEFTREE, 4-10 xR
FE RIS M ATBC LN 0.02, 0.04, 0.06, 0.08, 0.10, 0.50,
1.00 & 43 W B 1)
The abscissas 1-3 represent montmorillonite, chitosan and carbo-
xyethyl chitosan; 4-10 represent the composite adsorbent under the
conditions of the carboxyethyl chitosan and montmorillonite mass
ratio of 0.02, 0.04. 0.06. 0.08. 0.10. 0.50. 1.00 respectively
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Fig. 8 Effect of different dosage of adsorbents on the ad-
sorption of Cu?"
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Fig. 9 Effect of different temperature on the adsorption of
Cu2+
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Fig. 10  Effect of different time on the adsorption of Cu**
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Fig. 11  Effect of different pH on the adsorption of Cu®*
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2.8 Cu’"REs Cu"" B KR Hh

BHLZ A 50 mL ., pH=6.0 A Cu® ¥ I (35 1 i
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AT A I A b, e 4.0 g/L FL bR
0.04 195 AW B & T 40°C /K INH 60 min J& B -
TR, MO .

M 12 WP Y, B L R Cu e OB,
Cu™ 1 2 B R 5 LAz Hb 48] D B b ) o BRI, 76
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Fig. 12 Effect of different Cu?* concentration on the adsor-
ption of Cu**
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Tab.1 Cu®" concentrations of fish-aquaculture pond water
FE
1 2 3 4 5 6
JFA BT e FE (mg/L) 0.013 0.032 0.051 0.068 0.021 0.052
W Bt I T B R B (mg/L) 0 0.0001 0.0003 0.0005 0.0001 0.0004
ZBRE(%) 100 99.7 99.4 99.3 99.5 99.2
2.9 TFERES NaCl 3+ Cu* &M 3R 100 -
y- A 90
BEZ A 50 mL. pH=6.0 1 30 mg/L Cu* IFTik 801
(NaCl BU i B4 BIFEHIAE 0%, 1%, 2%, 2.5%. O
3% 3.5%) WA T ERBIB AL A e, LA 4.0 g/L i ooy
FiC LA 0.04 19 % 43 W B 350 5 T 40°C /K ¥A A 60 min Hsop
JE RIS, OEEE . R 13 H R LUE Y, IR 407
BRI Cu® B ZBRpE NaCl 7 4h I ik B A 3 30T '\.\_
MRS, Na' B FIAF7E S Cu™ T8 mi e 4+ W B Y 00 . . \ . .

K F, FTLAAS S A W% B 500 78 16 7K 35 5 v 4 AR
FEFEIR K TR 2
210 BHAER Ca'#HF R

B EZA 50 mL . pH=6.0 Y Cu® VA (5 i i
WePBEAE 15, 30, 50, 70, 90, 120 mg/L)J A4EEIH
i, 7E 30, 40, SOC TR H A 4.0 g/L LA
0.04 1452 & W B 500 K 38 N B 60 min &, I E & W%
HeE . VORI & g Mk ER . FAFIRIE Cooh
AR, 53R AR R & A W B R Cu A g b
R

H fij % & H Langmiur fl Freundlich /% W B} 55
TR TR Sh i R [ — IR AR 2R P B A R R B A oA 1T
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Fig. 13  Effect of different NaCl concentration on the adsor-
ption of Cu**
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C AR BN 25 AR 1) Cu™ it i Mk (mg/L); g 1R IR
N7 235 SRS O A B 25 2 (mg/2); - Gmax 1T LA I BFF 551) i
MR Cu® i e £ i (mg/g); K Ko A1 n SRy W B 6 45

K14 BANRIET Cu MR HHEER LR, 2SI
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Langmuir., Freundlich 77 2 (48L& i 4 FIAH JC 5 UL
22 FER 3. MPEKEIERS 458 Langmuir J7 2 58 18
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1
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Bl 14 ORIEHEEE T Cu® M BH4F R &
Fig. 14 Adsorption isotherms of Cu®" at different Tempera-
tures

x2 FERWMERRER
Tab. 2 Isothermal adsorption equation

Freundlich
W B 45 i 7
y=0.3226x + 1.3366
y=0.2707x + 1.5573
y=0.2134x + 1.7574

=45y Langmuir

(K) i s <5 3 7
303 y=0.07357x + 0.3112
313 y=0.07355x + 0.2130
323 y=0.07345x + 0.1772

FH T AR 52 3 174 W2 BFF A5 R 2 N4 & Langmiur W

B AEIRBIRL, T2 S50 AG .AH F1 AS RFLLF
Y/ Wi i - A

AG =—RTInK, (5)

*3 FEWMARESH

Tab.3 Parameters of isothermal adsorption equation

AG =AH - TAS (6)
InKy=AS/R — AH/RT (7)

i Pl In(ge /COXF g R, Ml & 15 2] HL
FKEZL T 14), ¥ g IE K BE, RS Ky, M
FRYEZ(S) TR A4 IR T X0 1 AGE FFIRHER(7),
Wt PL Ink X /TAERI(E 15), dilE 15288 B gkit
RPN B AT B R A AH (E AT AS (E1Y, ELRRY
TR 3 iR,

AR Cu® B B AR S N K AR AH =
33.35.61 kJ/mol>0, Vi AHIZME s iy 3o i S W 4 s
AS = 116.29 J/(mol-K)>0, 5B 1% W B iz 72 A 448 ot
TR, R A 2R 50 2 YR LB BN Jr 1) A T o 35 A
A fiE AG = —2.12 kJ/mol ~ —4.80 kJ/mol<0, LT
il £ 10 52 W BRI R Cu® 0 R S e AR R R AT
(), BBEBIREEMTEE, AG B4 X EIg Kk, FUIg
B v (g 4 Bl T 3R, BRIV v I R R A AT R
A F g
211 BMAEM Cu™'3hHF L%

BE £ 50 mL. 30 mg/L. pH=6.0 i Cu®> ¥
TAHEIEH R, 75 30,40, 50°C F [ Hod 4 4.0 g/L
BLEEA 0.04 2 AW, Km0, 10, 20. 40,
60. 120 min J&, M _FiEWWOLRE .

TEARETR, A WX Cu™ W i s R 78
W Bk Ao 30 R+ o Tk, b Ah, X R RRE R
(4 W i 8 g 2 il 4wl A0, T v ek B A R T R B o R
PIEAT o RFAWE— R ) FBRY | e = g Sy 2
RUOEXTE 17 i S gds dh AT e LG, S5 AR

5 Mk 6.
e DI =575
In(g, —¢,) =Inq, -kt (8)
Y 55| DAL S 7. % Wk
LA . ©)
9 kyq; 4.

q. A% ¢ BT RS W BT 25 5 (mg/g); g AR 45
;Eﬂq‘ E"Jzi;__j\ E"J ngﬁ(mg/g)a kl N k2 ﬂ‘jwl}ﬁ‘ﬁ%ﬁﬁo

Langmuir W 5535 5 72

Freundlich W 4575 7

R 9e,on(me/e) Gmar(mg/g) K(L/mg) R K¢ 1/n R
303 12.59 13.59 0.2364 0.9989 3.8061 0.3226 0.8669
313 13.27 13.60 0.3452 0.9976 4.7460 0.2704 0.9275
323 13.43 13.61 0.4146 0.9957 5.7973 0.2134 0.9831
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ar w 303K: y=—0.2642x +2.1152, R*=0.8638
A ©313K:y=-03463x +3.2204, R = 0.9546
3k A 323K:y=-0.4771x + 4.8015, " =0.9713
2_
S
= Ir
=
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2 4 6 8 10 12 14

q./(mg/g)
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Fig. 15 Straight line graph of K, solution
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1(T/K)

Bl 16 AH 5 ASSRIBIIE HLRE
Fig. 16 Fitting straight line graph of AH and AS solution

x6 MNFERESH

x4 TRBETHRIFSH

Tab. 4 Themodynamic parameters at different tem-
peratures
WEE(K)  AH(kJ/mol)  AS(J/mol'K)  AG(kJ/mol)
303 -2.12
313 33.35 116.29 -3.22
323 —4.80
Tr A 4 —t
6_
Sr —=— 303K
r —e— 313K
o 4r —a— 323K
R L
E 3
:: L
2_
l -
O_
1020 a0 60 80 100 120
I fa]/min
E 17 AFERET Cu W sh )24 i 2k
Fig. 17 Cu®' adsorption kinetics curves at different tem-

peratures

x5 MHAFEFE
Tab.5 Kinetic equation

vH [Fr

WL gy e
)

303 y =—0.03039x — 0.4649
313 y=-0.02989x — 0.6485
323 y=-0.02797x — 0.9348

W& DAk g

y=0.1455x + 0.1126
y=0.1448x + 0.09351
y=10.1442x + 0.07186

Tab. 6 Kinetic equation parameters at different temperatures

- — % )ik - Py
YMTE(K) qe, exp(mg/g) P P
kl qep(mg/g) R k2 qep(mg/g) R
303k 7.86 0.03039 0.628 0.9564 0.1880 6.87 0.9998
313K 8.13 0.02928 0.523 0.9631 0.2242 6.90 0.9998
323K 8.25 0.02797 0.393 0.9602 0.2893 6.93 0.9999
AR S MK 6 F h, HE 3 I AR R 4 ESIZEEE
HOABL 4 S W BRI CuP B B 1) 2 1 B, 4 L lm:—gij (11)

FHOMERE R THEE 1, ELILA A5 B0
1 g, SRR E TG g, o T, il
ST, A BRI A Cu B R e
By IR R (2 W o 12 29 p
BT 1 B 15 37

k= Ae Eg/RT (10)

SR R I B 3 7 2 3o R UL IR i e o
Bl AR R N R R ko, N E, BE T EUK
FHERFE R L Ink, X /T PEEIGEHEATIIE, 4540
17 s

FRAE T L& 1Y B2 AL R ] SR AT SOV TG L RE E, =
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Fig. 18 Fitting straight line graph of activation energy (E,)
solution
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Fig. 19 Results of regeneration experiment
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Tab. 7 Calculation of adsorbent cost
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Adsorption of Cu’’ in aquaculture water using carboxyethyl
chitosan (CEC)/montmorillonite adsorbent

LI Jian-ping, ZHOU Xin-yu, DAI Jing-wei, SHEN Qing-zhou
(Ocean College of Hebei Agricultural University, Qinhuangdao 066003, China)
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Abstract: A carboxyethyl chitosan (CEC)/montmorillonite composite adsorbent was synthesized with CEC and
montmorillonite, and its surface structure was analyzed by Fourier transform infrared spectroscopy, scanning elec-
tron microscopy, and X-ray diffraction. The adsorption-affecting conditions of Cu®* treatment from the aqueous
solution to the composite were investigated. The adsorption course of the adsorbents was investigated on the basis
of the adsorption kinetics and thermodynamics. Finally, the effect of regeneration was investigated. Results showed
that CEC was successfully coated onto montmorillonite. The adsorption efficiency of Cu*" reached 96.23% under
the following conditions: CEC-to-montmorillonite mass ratio of 1 : 25, pH of 6, temperature of 40°C, time of 60
min, adsorbent dosage of 4.0 g/L, and initial Cu** concentration of 30 mg/L. The adsorption kinetics and isotherm
of Cu®" on the composite followed the pseudo-second-order and Langmuir models, respectively. The thermody-
namic and kinetic parameter studies indicated that adsorption was a spontanecous, endothermic, and chemical proc-

ess. The regeneration effect of NaOH was better than that of HCI.

(AL Gad8: BT )
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