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Adsorptive Property of Cu (II) Using Bentonite - chitosan
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(Wuhan University of Technology, School of Resources and Environmental Engineering, Wuhan
430070, China)

Abstract: The removal of copper (Cu (II)) from wastewater by composite adsorbent bentonite —
chitosan was studied. Characterization of the adsorbent was performed by fourier transform infrared
spectroscopy (FT —IR) and scanning electron microscopy (SEM). The effects of contact time, ch-
itosan fraction, adsorption temperature and pH were investigated. Results showed that composite
adsorbent had a better adsorption capacity than that of bentonite. Compared with bentonite, the
shape of bentonite — chitosan was irregular, and its surface was rough and loose. The adsorption a-
mount of Cu (1) could reach the maximum of 20. 12 mg/g on the conditions of initial concentration
of Cu (II) 50 mg/L, pH 7.0, adsorption temperature 30 °C , and contact time 15 min. Further-
more, both Langmuir and Freundlich isotherm models could well fit the isothermal adsorption of Cu
(II) on the two adsorbents. The adsorption process of Cu (II) on bentonite — chitosan conformed to
the pseudo — second — order kinetic equation.
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Fig. 1  Effect of contact time on adsorption efficiency

HIP LAl oA, i £ - e SRR AT & IR R 5 A
— R 3 Cu (1) (9 25 BR 2R 247 Bl R F 1] 114 16



.86 - s SRS |

2019 4F

T TF, FLBAR - — 5 L £ W R
SR T B S AR T
- O 53— 67 L 564 P T 7B 5
M FBRACR . FURAE 2 ~ 15 min 10K e
T, R ETET 7 € K R 15 i R
ML TG WA BV RURE . HIX T
5 A — 5 S S A AR 8§
S min I BRI A 5] 0% S 7)1 6] 36— i
A T M ACR 1) 2 35 Ao R A5
15 min B - ~ 7R 52 43 0 32 5 0 i
87 TS WA AR B I 7 30 mim J5 A T
7.
2.2 EWESNELRE X RAHRNY
0

A % S W -+ 0 B LA 0. 02
0.04.0.06.0.08.0.10.0. 12,1t 0. 5 g & & W& Fft 5
HILA SO ml. FKFE 3 50 mg/1L pH =7 9 Cu(11) e
A 30 C R 15 min, IR Cu(TD) AR
BILE 2,

100
==
X =
<80 -
=)
‘: o
& 60
(=]
;:).
-8 40
&
o
=
g 20
g
o
o
0 " ) . . L )
0.00 002 004 006 008 010 0.12

Mass ratio of chitosan and bentonite / (g-g™)

2 ERVESREE L BE b xR R AT
Fig.2 Effect of mass ratio of chitosan and bentonite

on adsorption efficiency

HIPE 2 m] DL, 25 WX Cu (ID) 9 25 BR AR Bl
A SRS I R B A B o 5 B e 2R
RS Cu(10) F W B RS 25 e 2 PR T i FE R
F0.08 J&, g W R gk . S PR T 1
P, 7 BRERCR I8 ) BRI HLIRE B 57 e Dy e
e, PRI T e SR 55 2 1 o Ly 0. 08 % i 551
HEAT IR SEAIEHT T
2.3 pH EXT IR R A0

IR 0.5 ¢ BRI - — S SO S W B 5 A
B2 A E 50 mL ATy 50 mg/L i Cu
(ID W AET =30 Ct =15 min ZZ{F TR

B, pH 235148 1.3.5.7.9 .11, Mg pH X} Cu(11) 1
BRI . 25 RN 3 R

100

-
= 80
S
60 |
B
&
15 40+
o
S
=
5 20f
&
0 L
0 2 4 6 8 10 12
pH

3 pHEX MR ZIE
Fig.3 Effect of pH on adsorption efficiency

Il 3 8, BT+ — 52 BOME AL A W 5] A e —
JZE X Cu (D) B B SCRRE R pH R3S I T 128 4
N FEPRZZKAER pH 520 R B 55 3R 16
AT R 1 L % % 5 £ b 5 B A 2500, Y pH
BARET, A 4% EFHO A HY 5 Cu (1) 7776 35 4+ W
BiF, K H Y A7 e 5 300 R 790 2 T % R A7 a5
WD T s 2 (R B 2 ) PR S T TR, T DA
pH BRI I B Cu (I0) 5 A X 4202 5 B %5 pH
EFF, W R OH” 588 7454, B il Cu
(OH), Uiy, pH KT 7 J5 , 5 5 19 BR 32 e B 3K
AT ROE M L FIER . 75, EiE + - Se R b
A4 W B AR e s v b e v T s SRR A
W% W aJR BT AR R R
Tt — 58RI A IR R0 e — i A P 2
PEAAE X Cu(ID) [0 B iR % i, ELI I + -
T T A A W B R SRR

2.4 REXTIR R AR

SRKE 0.5 g BRI 1 — 55 FOWE A A W B3R
T3 A F 50 mL R R 50 mg/L [ Cu
(ID ¥R, 76 pH =7 t = 15 min 2504 AT,
PSR K 10,20 30,40 50,60 °C, %L IR X} Cu
(I0) W B AR S0, 45 A8 4 77

Fh I 4 AT BE A RS B T B - TE S
ST BRI X Cu (T1) f) B 3Z Wi . 3% &
Sy B2 L B TS, 43T R TEHLINIE Bl S AR 2, i
A F T B 55 Cu(TD) 78531 i, 16 82 51 1
{14 52 B A R 78 43 1, DA B R PR A502R . Y
B R 60 C BT, 2 1 - 72 RWER G WX Cu
(IT) (I Rk 5 15 %1 95. 4%



RN, A I L B RBEXK  Ca(10) B FRPAFEIF S - 87 -

st
%5 )
100
c
é ol .//l/—ﬂ—-—:
= .-
= PY -
e
=}
§.
5]
g 40
B
=
3 20} —m- Bentonite-Chitosan
5§ —@— Bentonite
-4
0 L L . L s s
10 20 30 40 50 0
Temperature /'C

4 EEXT IR BRI AT

Fig.4 Effect of temperature on adsorption efficiency
2.5 WRMEIRE

$5 0.5 ¢ MR - 58 TR I A 1R FfE 790 AR 17
FIMAE] 50 mLL 5T & He EE 35 O 10,30,50,70
100,150 mg/L 9y Cu (1) AR, 7 pH =7t =15
min T'=30 CA&MF N FEAT W, B 45 R S By
No

Q./(mg-g™)

0 20 40 60 8 100 120 140 160
1
Cy/ (mg-L )

5 Cu(Il) #N%EK X R M & 2R
Fig.5 Effect of initial concentration of Cu(II)
on adsorption capacity

WEHE W36 B 2 T B R 8, i L - e RO
SR R0 Cu (T1) B IR B 328 ¥ 18 ¥ | T
L0045 Cu(11) #BEZM 10 mg/L 3 2 150 mg/L, i
+ — e FMEE S MR R Cu (T0) AR B &5 ¢l 1. 13
mg/g H4 5 10. 02 mg/g, AHMLAY I BRI 9O, 1%
[ 70.6% o HHIUGHTE SN, B T 221 KAl
PSS N ) Bl 3 35 OR, AT s 75 A 22 ) FH A 18
7 5 AN A A

JH Langmiur £ Freundlich 5 5 I (i A5 R0 414 B
— WA 1 A - — 58 SR A W B ) 26 T
MR Ao e o JHEIG B 25 T o )

C 1 C
e e (3)
4. 9.K,  q.
Ing, =InK, +]7Ce (4)

A2 C, Ay A S A T TR R Y R B mg/ L q, g,
4390 Ay S 5 o R A A B B me/ g5 KRR K G

B8 Langmiur 5 $0F0 Freundlich % %;n 4, £
7N W iR B o

204 (@ y ©
P p
v .
.
18 y0816x+8.486 Z Z0 o
°=0.952 <
R=0.952 i y=0337x+1.003 %7
164 v 154 2 7
. R=0949
p . v S
o 14 = g e :
& /// =10 P ) *7 y=0.407x+0.171
12 el yd R*=0.986
y
0 v
104 4
| 0.0

0 20 40 60 80 100 120 140 160 3 52 470 1 B 3 i 5
C, InC,

B 6 Langmiur(a).Feundlich(b)Zi8z
XoF R Bff B 2k D 2k TE L&
Fig. 6 Linear fitting of Langmiur(a) ,Freundlich(b)

isotherm on adsorption curve

& 6 AJ 41, Lanmiur FiI Freundlich P Fh4E 7R 45
RIHRRERCAF AR NI - — 5C FRMH AL G W B 5 0 i
{3 Cu(11) (3R I F2 o H Langmiur J5 72
AR IN, B 1 — ¢ S S5 W B 5] B — gz i
A Cu (1) W UG ARG E R BCRR L e, ik 31 T
0.949 1 0. 986, 1 F11 W {58 43 ] 20. 12 F0 12. 25
mg/g, Langmiur F4CH EAE, 7] LA B W B 52 B 7E
WL T 2 AR TR . n /3T Freundlich J7
PR SRR A Y A (b e, — e, 24 1/n A TE
0.1~0.5 Z[a]i, Wz Bk s W AR 25 o &R 51/ >
2 W7 W B B ME Ak 22 54T . i Frundlich J7 #2400
BRFIEAE AT, B2 - 50 SO 55 W B R A
FxF Cu(I0) AW B B2 I 2 5 T 6471 o

x1 FREUEMSHIEE
Table 1  Isotherm fitting characteristic values
. Langmiur /578 Freundlich 75 7%
I Q,/(mg - :-') TE R K, 1/n ﬂsz
2R 12.25 0.001 0.949 1.1867 0.4067 0.952
i+ - 7R
B S RBNTH

20.12 0.007 0.986 0.141 0.3367 0.913

2.6 RMHZEDH
AWFFERFFILAT 4 AR 3h 112707 B xR
B AT 73 Hr -

In(q, -¢q,) =Ing, - K,2/2. 303 (5)
t 1 t
PR (6)
4. qupz q.
q,=c; +K;lnt (7)

1 g, g, SR H I ¢ T G0
W it &, me/ g3 K, K, J3 5 R HE— G RN — 2
KRG K, N Elovich TR 5 ¢, oo R E



- 88 - W R 5 H 2019 4
&2 RMEINFESH
Table 2 Adsorption kinetics parameters
5 7h 2k Y — 4 h o AL : =

B i liZdeJ%jjjfi e 1 iR : Elovich 75 & :

K R K, d. R Ky ! R
g + 0.097 9 0.933 8 0.048 2 5.35 0.997 3 0.878 5 1.633 0.948
e+ - e REEE SR 0.0325 0.710 3 0.1135 9.96 0.999 5 0.648 3.4295 0.9167

WA 2 A W — G Bl )2 0y RIS A R R A
AR B — N (R R AT Sy, 150 D X i 25 1 I
TR LA — s X - S RWE A A R B AR Y I
BT R UE 2 sh ) 2 RRAULA BE S AT, Ui BH 5 R b
(A 22 R AW B R e 3 T — S VR AT, Ul
AF A2 Aok R A7 0 LI o 0 2 R RF 198 7o R L 1
I — GO = R B e R R R I - e
FM A A W BRE R0 AN B 00 X Cu (1) A B8 - i
M43 318 9. 96 5. 35 mg/g, Elovich J5 #2i& F T
TE AR AR AR R By 2ok A%, A SR 30 B B AT 3¢
SF AL, DU B N at B SR AR AR B 2, Elovich
T FEXS I A — 58 SR 52 5 W 86k 350 o0 g i) - 1z A
Cu(ID) AR L R® =0.916 F10. 948, {3 1]
T - — 58 SRMH I A W R 7] AN - W B Cu (1)
3 A A A A A R

2.7 Bt -mRESSRMFIRIESH

(1)SEM 73 #r: di & 7 (a) F1FE 7 (b) B HL K
B, B - 7 e B, W BRp 572 1o T 2 i i
JeHE T WS AE A R AR AR AT FLZARSS
Al RS K /A R R 2T e Qi) i D S )
o nl WAy - NH, G815 5 4w B 1 24, I i 2
SR R RS 70 Xk B < i 1 PR PR FE

7 iEt(a) it -=RESSRMF (b) BEEARHEE

Fig.7 SEM of bentonite (a) and chitosan — bentonite

composite adsorbent (b)

(2) FTIR 4347 « i 45 il - — 55 S 42 45 W it
FIT, 78 R B T BRI, 02T 5 W B AR
BEA LA, A M I P UG F1 350 55 £ BE A0 — TR
Bt 3 620 ~3 600 em ' 2 [AIFF1E % 5¢ Wi A7 2544 N R

0 - H 3P4 R 3h1% 1 637 em ™' 4bJE: 2 ] K 43T
O - H 25 ¥R shid, 1 035 em ™' AbJE Si— O - Si fifi4s
PRz, 784 ~450 em " [t AU A I 1 Si - O Y
AR Al - O J\TH A5 38R 3l i e 47 (K138 . 3 620
em ™ Ab IR IR UG TR R AR A, VR I 52 I A T2 TR) 45 44
- OH P %,

Cc
[ 323 3431

320

(3
4000

T T L L L
2500 2000 1500 1000 500
Wave Number / cmi”!

E8 WiEtmn#ERERM Cu(ll) (a) EiELnk
FERME(Db) JZiE L (c) Lo EIE
Fig.8 FTIR spectra of bentonite — chitosan — Cu (a) ,

bentonite — chitosan(b) , bentonite (c)
i: N
3 g

(1) i + — 53N 5 G W R 57 5 B — 1 I i)
TAHEERT Cu (D) () KBRFA T Rk ; e R
WES g BT oy 0. 08 45y 10 ¢/L pH =
7 N EE S 30 °C W FfFES E] A 30 min B g 4
- e RME A BRI X Cu (ID) A9 25 BR % & ik
92.1% , Wi AT 355 10.2 mg/g,

(2) Lanmiur il Freundlich 5 i &8 15 A5 RU AR RE 458
UF AR R 1 — 52 BRMH 52 W B 700 R R T X
Cu (1) (55 W B 3 8 o B9 Langmiur J5 LG &
B, B L — 7o SME 5 MR R A2 X Cu (T1)
W R 0L A G M R BCHR L, iR B T 0,93 FiI
0.97 , 1 F1 I Jft HE 433 &y 20. 1212, 25 mg/g. H
Frundlich J7 B4 FRAEE AT A0, B2 + - 52 R bR
B W B A R 6 Cu (X)) B8 B B b 2 & HL
B KR

L 1
3500 3000

S 3Lk -
(L) XU, B R, B, 25 3 Hl BORT 67 8 5 1 2 2 il g F 5



%5 )

RN, A I L B RBEXK  Ca(10) B FRPAFEIF S - 89 -

[I]. &7 04 51T, 2017 (1) <55 - 58.
RN, SKIF, EA0S5 , 55, 3L b 507 1 5+ 5 AR
PAEY) B FAE AN [T ] 7 P i 5 R, 2017
(1):90-97.

[3] Wang X S, Miao H H, He W, et al. Competitive adsorp-
tion of Pb(II), Cu(Il) and CA(II) ions on wheat — resi-
due derived black carbon[ J]. Journal of chemical & engi-
neering data, 2011, 56(3) ;444 —449.

[4] Hu H, Li X, Huang P, et al. Efficient removal of copper

2

(A

from wastewater by using mechanically activated calcium

carbonate [ J ]. Journal of environmental management,

2017, 203.1 -17.

XUBE, 00 Ao 2 02 i Fb B I 7K Ak B TR S 4 A Y

[J]. REERLE 54 FE,2017(6) ;110 - 112.

T AKEL, w8 R B S 46 1 Ak 355 0 A 7K ) B 5 3 e

[T]. ARG A5 L BHA A4, 2016 (4) 220 - 225.

JEIFI B, Xiuesiege , B AE . R IRE IR B I /K i) 2 s 25

FLJ]. AL T4 ,2006(6) ;506 - 509.

AR FE B e A [ A2 SR R 79 5 DA 1

Xy AR SE LT ] B BoR 5 TR, 2016 (20) :301

-305.

(9] Wi, MR, AT I &, 45 S0 S A0 B el Pk b 4 X 7K v
Cu® " AL BFHRFPEBIFE (], 3R 85T5 Y 5 B9 ,2017(3)
314 -318.

[10] Tang X, Meng X, Shi L. Desulfurization of model gaso-

(5

(-

[6

[

[7

[

[8

[

line on modified bentonite[ J]. Industrial & engineering
chemistry research, 2011, 50(12) 7527 —7533.

[11] St g e 3o ORISR 7 E i BF 58 A
ML =Ry S5, 1996 (1) 226 - 29.

[12] Futalan C M, Kan C, Dalida M L, et al. Comparative
and competitive adsorption of copper, lead and nickel u-
sing chitosan immobilized on bentonite[ J]. Carbohydrate
polymers, 2011, 83(2) :528 - 536.

[13] R—I, EBZ 3500, 45 A5 FENEZ I XA o i B
TR T ] ZRAE R A2 42,2006 (1) :99 - 102.

[14] Radheshyam R. Pawar A L B H C. Activated bentonite as
a low — cost adsorbent for the removal of Cu(1Il) and Pb
(1) from aqueous solutions; batch and column studies
[J]. Journal of industrial and engineering chemistry,
2016, 34.213 -223.

[15] Liu J, Li P, Chen L, et al. Superhydrophilic and under-
water superoleophobic modified chitosan — coated mesh for
oil/water separation[ J |. Surface and coatings technology,
2016, 307.171 - 176.

[16] Bt , BRAHE , 2 20 FE. 7 SRR BT A PP 7K 1) 0T 5 30k
JBLJ]. Ui #R4%,2001,20(3) .19 - 23.

[17] Futalan C M, Kan C, Dalida M L, et al. Fixed — bed col-
umn studies on the removal of copper using chitosan im-
mobilized on bentonite [ J ]. Carbohydrate polymers,
2011, 83(2) :697 —704.

(18] M5 %8 , WRERAR . PR Y 5 RO 2 i L i ko) S
Xt Cu®* BB ], 4@ ,2009 (1) 81 - 83.

[19] Sreedharan V, Sivapullaiah P V. Effect of organic modifi-
cation on adsorption behaviour of bentonite [ J]. Indian
geotechnical journal, 2012, 42(3) .161 - 168.

[20] Zhu J, Zhang P, Yuan S, et al. Production of hydroxyl
radicals from oxygenation of simulated AMD due to CaCO,
—induced pH increase[ J]. Water research, 2017, 111;
118 - 126.

[21] Cybelle Morales Futalan W T S L, Maria Lourdes Dalida,
Meng Weiwan. Copper, nickel and lead adsorption from
aqueous solution using chitosan — immobilized on bentonite
in a ternary system [ J]. Sustainable environment re-
search, 2012, 22(6) :345 —355.

[22] Dalida M L P, Mariano A F V, Futalan C M, et al. Ad-
sorptive removal of Cu(II) from aqueous solutions using
non — crosslinked and crosslinked chitosan — coated ben-
tonite beads[ J]. Desalination, 2011, 275(1 -3) :154 -
159.

mineral resources, 2019, 39(1) .84 —89.

SIARE R R, AE, 2208, 45 I L TR KR Cu (T AW ERTTEL T 8777 PR3 511 ,2019,39(1) -84 - 89.

LI Yujie, LI Yujia, LI Hongfen, et al. Adsorptive property of Cu (II) using bentonite — chitosan[ J ]. Conservation and utilization of

HAREME : hitp ://kebh. cbpt. enki. net

E — mail ; kebh@ chinajournal. net. cn



