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Adsorption performance of Co( Il ) on magnetic halloysite
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Abstract; Magnetic halloysite composite was successfully synthesized by chemical precipitation method. The structure and morphology of halloysite and
magnetic halloysite composite were characterized by scanning electron microscope (SEM), X-ray diffraction (XRD) , fourier transfer infrared ( FT-IR)
and vibrating sample magnetometer ( VSM ). The adsorption of Co( I ) on magnetic halloysite as function of material liquid ratio, pH, time and
temperature under ambient conditions was investigated using static experimental method. The as-obtained results show that the maximum adsorption
capacily is 17.5 mg-g™" at 50 °C. The adsorption of Co( Il ) on magnetic halloysite is strongly dependent on pH and temperature. When pH is less than
7.5, the adsorption capacity increases with the increase of pH and then reaches the steady state. The adsorption data of Co( Il ) on the magnetic halloysite
are well consistent with the Lagrange pseudo-second-order kinetic model. Adsorption of Co( Il ) on the magnetic halloysite fits the Langmuir isotherm well.
It is found that the adsorption capacity increases dramatically with the increase of temperature.

Keywords: magnetic halloysite; adsorption; cobalt; dynamics; thermodynamics
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BIAT (AL S, 0, (OH) »nH,0) &—Fh KKKy
YK RAL R (Du et al., 20105 5K A8 %, 2013)
EhgKAS (CNTs) AN HIER, ¥ B
FE R R S BRI P X R
TR i A5 R a5, H B R AE R4 Y W A R AR
CNTs fE7E—E M, anii i B ot LR A PR A
A EMEAE St BRI T A AR T P 2B R
(TRFEE, 2012) RIEAVER —FB B GIK 1R,
St oK AE A H EL AT R 1 235 R R S B B A R
TEAT 3, L R A W B A e 40 358 1 iy ¥ R Bt ( 5
45 2012).

KT Fe, O, BT WA B EIF R C A —&E
AR SR, A7 QG 3R % A (BRIE A 5 Fe, 0,11
JEA T B0 BN 54% F1 46% ) VE W JF 44 R 5 %o
Co () W& B (A5 L 2D R FH Ak 2 S T3 1 1 4% i
PRV A WAL, S ELRIE A AT Fe, O, MO IT, B
A A AR AT 5 TG ey nT A
i AR (325, 2012).

PRI, A S 328 X6 i 1 52 985 A o Co (TT ) 8 TR
PERBIEATRIFSY, 25 2 M B0 300 ok B b ] IR B pHL {HL
S5 DR 2 0 R R A58 SR B ) TR s, DR B 3 g 2
R 127 F FERI R W B AL LU Ry A E R AR
KA AL B Co( I1) F1% Co( 1) Y 7 FH 4R HE IS AR
AL S %

2 SKIEEB4 (Experimental )

2.1 MES5E

ML LK G RIR R Sk G E bk S A
B KRG AR MEERECN) 2 SRR
IR A E AN o Bl 5% A TR AR
THRHARRAF ).

{35 . KQ-250DV FUK 4 7 T vk o ( RR 1L i
AT BRA ) (TU-1901 XUOGHRE £ ] W43
FETE (6538 Ar i A AR A BR A ) | BSA224S-CW
HLF RV (2 R B2 AU SR A RS F] ) (IKA KS
40001 4 I 5 IR ( BB i B RALAF AL R A R A
Al) pH I (FEZ R B 2= AR A A L 5
HELOHL (H1850 cence X ) \ EH 25 T 4848 ( DZF-
6050) Nexus 670 FT-IR( 3&[H Nicolet A7) 3% 5}
L7 BB ( HASHL T JSM) i X-SF 2437 1Y XRD
(KYKY-EM3200) , ¥ 3l ¥ i #% 5% 31 VSM ( Lake
Shore 7410).

22 KUk
22,1 HURBRBEAMRWHE ERSMAD

T R AL OE A A M RIS A B A AR R
PR R UNTF 2 43 BIFRHL 6.0 ¢ FeCl,s 6H,0 £ 3.0
g FeSO,7TH,0 T 250 mL BEdt b, [FIRFANA 3.0 g 1Y
BRI AK (200 H ), 0.05 mol- L™ NaOH 1A i
WpH EHZE 11 A4, B ABRIEEH T, 70 CfE K
W OB, 5 h 545 1k A B 2 R, 25K vk
B B H BRI IR. T E 4 70 CF
824 b BFEE | 2% F.

222 WM CRAIERSHEEE B m g
PRI AN Co (1) T 15 mL R LIGH
LA I R R AR AR S I HCL 5 NaOH ¥ W
KV pH E, & 24 h VR ¥R SO s 1] 7E 8000
remin”' &0 30 min, ]L—Ew A FEER, R
A3 A 660 nm AL SE FIEW H Co( 1)
() Fr i T SEIR BRI 3 YR S E A 1 - Y,
BT IS A AR X 1R 25 29 R £5% .

2.2.3 HARAIE  Co( 1) MEME=R () F-F- i iz Kt
FE(Q,) A AKIT .

CO Cl

Y= X 100% (1)

e V
X — 2
c - (2)

K, € W 7 B W W B (mg - L), €L
Co( II') FEMZ ) B A P AV FE (mg - L71) |, €, A W FfT
t B Co( 11 FEMZ B ) [ MR EE (mg- L"),V NETF
WHYEMAR (mL) ,m AR A BT ().

3 ZHR51Fi18 (Results and discussion)

3.1 FFEERAE

3.1.1 TEM 44 ME 1 A LLAE W R IE A 2RI
ARG RIE A AR E L HHE A KSRk, B2
PRI IR (Xie et al., 2011) , %] Fe, 0, i 3Hb 11 2%
B T HRIE AR,

3.1.2 ki AT B2 BRI A SR
A1 FT-IR St B 2 n 50, 33 A SR A
) FT-TR 3% P il e i 20 1A 5¢ 4 —F£.3699 3622 Fil
912 em™" Kb by 35 3% A0 3 10 F2 HE IR Bl W U 0, 1640
em” ' Ab SRy K Y AR TR IR Bl W I, 1097 em T AL R
Si—Ofh &R h% 1035 468 em™ &by Si—0—Si fiY
i 4k s W (4% 1584, 2013520125 5 1 5 45,
2011) .M fth4k b o, 78 586 em™ Ab H BE— /NI hy
Fe—O SR8 R 506, R BH Fe, 0, f 2k 7F T 3R1%
AT
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1 BRi®A (a) MBEMIREG (b) BSTRE(TEM) B R
Fig.1 TEM images of halloysite(a) and magnetic halloysite(b)
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Fig.2 FTIR spectra of halloysite(a) and magnetic halloysite(b)

3.1.3 XRD 247 & 3 BRIEA SHETEIRE AW
XRD fir it 3. (5] 3 mI 0, R MRS A SIRE A 1
FRIEUEAR LU 3, B 1 AT S e~ g 5 22 A1, PR 3 AR
B AR AE 26 S 11.7°.20.1° 24.1° 26.2°
b (R K Ab) gk a F b BB T SR
HEAT SIS T 26 Sy 30.2° 35.7° 43.2° 57.5°H1 63.1°
b (B q) Mg b BN LT Fe, O, I FFAEAT ST
W R W] Fe, 0, LI AHBIRIEAMAE L, X5
SEM F1 FT-IR % &l 53 #7 () 25 S 2 AHW) A 1.

b q
K Kk kk . q
~

a

UJ\LM‘AA‘W__‘
1 1 1 1 1 J
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20/(°)

B3 #Ri%A(a) SHIEREZA (b) B XRD EE
Fig.3 X-ray diffraction patterns of halloysite (a) and magnetic

halloysite(b)
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BRI T [T 2 ok DB EL DA R b o R A8 R
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YERR 55 SEE £ Moy (R ENAE, 2011).
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Fig.4 VSM curve of magnetic halloysite
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Fig.5 Effect of an externally magntetic field
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3.2 AWK E R MBI pH 8 K& E X Co( 1)
QA

3.2.1 WM A AR E e hE 6 nl g, A
TGP 2523 A W SR 7000 e vl B A 14 I, X Co ( T1) A
FhF 6 328 37 345 . D DR sk B W R R o R 1% 14
Co( T1) 75 W BFF 5] 1= fry W B 57 At 25 38 I, Co (1)
T 8% B P M 3R 07 M AL 23 8 K, T LA R o S5 2 i
MNP A BT LT fiff 280 7 £ 0 B 25 1t Q1B 23 Bl T
AE 750 Ve J32 Py 385 T 30 37 sk /0>, T B U PR R o ) o
FE AR, W B 700 2 1T E BE P AE A 5w ol o AR
BRIV 22 (1% ] W BT 55 (5 75 Co ( 1) A9 IR of S5 488 K [
BT, 385 22 10 B BE AT 22 8] 1% 5 4 S A5 I F 750) g i o
MLERE ST T, Wi T8 QM6 N FE (Liu et al. ,
2012; Zhang et al., 2012).

16 - —100%

-—a—a—"

| =
14 - —95%
/ H90%
n

J—
S
T

o
=) |
éf’ 10
= "
E/j sl >< —85% >
N o

6 '\. —180%

~
41 —
-\.\. —75%

L L L L | L L L 170%
0.02 0.04 006 008 0.10 0.12 0.14 0.16

csolld/(g'L_ l)

Elo HMiMRBERAVBRENCo(I)RMMREFI(T=
293.15 K, pH=6.520.1, C(Co( 11 )) 0.4 mg-L™")
Fig.6  Adsorption of Co( Il ) on magnetic halloysite as a function of

solid content

3.2.2 RMtEEW At FRHE BHET
AL, Co (1) FEREME SR8 AT 110 W A 3 3 i 5 o ]
P BE TGN, AR BTG 3] 5 h Z 2RI, 2
JEHE T R R AR A M AES h N
KB X KRB Co (1) FEREEIR IS AT BB G
R AR A W B AN R BB (X R A,
2012).Co( 1) ZERE MR A BT 3l 712 Lagrange
HEZB T fE .

t 1 1

0. k2 0! )
o, Q0 Q3 R W R o F AR08 ORF ST 6 2 P R
H(mgeg™) 0 B (h) b S 0% B R
W (g mg - h™) NIRERE (1/Q,) -t INEHERLE
g MR sh 1S BOT UM AR (3) k15,

Q.=5.754 mg-g™'  k=3.11 g-mg™*h™", R* =0.9999.
B g SRR BT KRR B R R e A0 S 6 0 A5 AR
BAHZEANZ, MZLEMEG KRR R
Lagrange W G sl Sy 2 R 0] DLAR U i A
Co( 1) TERGE SR A7 LY WE R 5l g 2. 53 4b, S 4
R G BRI RS 24 h 58 4 AT LU I o S 56
IR

56 - ././I—I—I—I
/-/
54 Ve
52 /
. w20
'en
0 5.0 =~
g Al.s—
= £
Q48 - 0
£10
46 - ‘6'
0.5
44 I 1 I ! ]
2 6 10
. t/h
42 1 | | | 1 |
0 2 4 6 8 10 12

t/h

B 7 ORHi RS E XS Co( I1) W B B 82 M B2 B 14 4R 3% A W% Y
Co( ) IAEZ R N FHE(NE) (T=293.15 K,pH=
6.5+0.1, ¢;(Co( 1)) = 0.4 mg- L', C(HEMIRIEA) =
0.0667 g-L™")

Fig.7 Effect of contact time on the adsorption of Co( Il') on
magnetic halloysite ( the inset figure is the pseudo-second-
order rate equation fit of Co( I ) kinetic adsorption on

magnetic halloysite )

3.2.3 pH xCo( ) Rty ¥ K 8 K pH Xf
Co( II) FEREVEIRIE A 1 WL BHE A 52 Mo OC 3 BT AT 8
ATLAFE Y pH<7 B, Co( D) ZERETERIG AT 1Y
W BB pHLFL A 38 R T 2RI 5 24 pH> T B,
Co( Il ) TERE RIS A b B P B i it pH (ALY
Bl R IEA MRS IR IS A X Co( 1) YR AE
W R pH (B 7.5. 3K PP AR fL AT BB TR 9% A R EH
RE A1 FN 2 1A H far T 350 9% A 19 A F o R
Si0, Fil AL, O, , HAMR M ) b BT Sio, ik
Jo R & P, oA B e R 3 T Ak A M B R AL O AH G
HRAKZR pH 7 2~ 12 Z 0], 9% A SR 1HA T FLAT ,
THMZ Si0, 0l By L fi 2 N2 BIfEDIR AL O, 3%
T IE AT, B pH F3E N, Bk A R A E 2
() 7 LA, AT i T 3523 A3 R Co ( 1) Z (8] B 5 FL
gIJ1mz  FEE R pH 5180 pH T, 3R% A R A
2 BT RE L A, PR A i T B 22 04 B4
4. (Dong et al., 2012) . Tewari %5 (1972;1975) W5
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TCo( ) A LW Fe, O, Al, O, MnO, , TiO, F
Zi0, eI, R IAER R pH=5~8 ), W2
M. M Co (1) 7EE ALY AR IE A7 1 W L
A AR B B4 A6 1% pH YL, Co( 1) 7E3R
A T A iR 2 i AR T A R 1 pHL (AL, W]
VLA T 0 pH (B Rl PN 4 TR R AL T B8 R T 4%
(¥4, 2012).

6.0~

— L]
’./I
_n

55k J

T

Oc/(mg-g ™)
- -
(=] W
T T

25 ] ! ] ] | ! | ! ]

E8 pH 3t Co(Il) MM MR M (T =29.15 K,
co(Co(M1))=0.4 mg-L7", C(REVEIRIE A )= 0.0667
gL

Fig.8 Effect of pH on Co( Il ) adsorption on magnetic halloysite

3.2.4 B Co( 1) R M9 & vy JE R M3

AL US H EE T AR IR B 4y 5 Ol 293.15,308. 15 F
323.15 K BTG OL T, 1352 3 A BT SR 6T Co ( 1) 1Y
Wz BT R BT 9 FT LR Y RGP IR I A K Co (1) 1Y
W I 25 i 2 k3 P P v T 3 K, R WA T T R
FIT W B A T

0.26 -

0.24 -

¢g/(mmol-g™")
o
o
T

—a—293.15K

0.14 - —e—308.15K
——323.15K

0.12 -

0.10 1 | 1 1 | 1 |

0 0.002  0.004 0.006 0.008 0010 0012 0.014
¢/(mmol-L™1)
9 3FBETCo( ) ERMRZER LMK ERE (pH=
6.5+0.1, C(REMEIRIEA )= 0.0667 g- L")
Fig.9 Adsorption isotherms of Co( Il ) on magnetic halloysite at

three different temperatures

Langmuir Fl Freundlich A58 & 9% FH R F 34
S50 0 R B0 1 R, i TR RRT T 20 B i 5 208 45 1) i AR
i (RS 2012) H Langmuir BEALR A 2 H]
A ASATE [T A 3 ThT ) W2 R Al 15 TR R i B 1
B, LR A XWX (4) iR (HR K& 4,
2008) FE RIS TR 1.

C. 1 Ce

e b e “
K, e, g W B P B A Co( D) Y ¥k JE
(mmol - L") s¢ kW BT 4 B 61 AF L W B Co ( 1) A9
it (mmol - g™ ) 5¢,., HCo( 11) 76 AR - 1% 5 A Bt
5t (mmol-g™") . & 10a AIHL, X T ¢, /¢, —c IR
PEILG 3 Pl R B9 R 7351 0.9877.,0.9905
0.9731.

o

o

3
T

=293 15K
@ 308.15K
0.06 A32315K

0 ] ] ] ] | 1 ]
0 0.002 0.004  0.006 0.008 0010 0012 0014
¢/(mmol-L ™)
-0.55— b
-0.60 - m 29315K
e 308.15K
-0.65 A 32315K hd
= -0.70
'an
5 075
g
£ 080
R
=

-0.85

-0.90

-0.95

gqool— w0 oy
-31-30-29-28-27-26-25-24-23-22-21-20-19-18
lg[co/(mmol-L™)]

E10 3FMEETCo( ) ERMIRIER LA MI#EE (pH =
6.5+0.1, C(HEMEIRIEA)=0.0667 g-L7")

Fig.10 Langmuir (a) and Freundlich (b) isotherms of Co( II')
adsorption on magnetic halloysite at three different

temperatures
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BHr S RE R 9 F5 K000 A3 (Donat et al., 2005) . 48
ST A 1 v O 48 Ko A5 B AR ¥ 50 ZR i N R AR
H— 5 A B 114 0y I -5 LA 3 9 A R 5% AR
T (HBRAAE, 2008)

1
lge, = 1gK, + —lgc, (5)
n

A, K (mmol ™" L' ¢™") K n HALF L, 70 3
7 R S ST 2 R AR R B3 R
TR A R*ME 23514 0.9977 .0.9819 .0.9807.

* 1 ARERET Langmuir 1 Freundlich #Z3! f3l & 24

Table 1  Parameters for Langmuir and Freundlich isotherms at different temperatures
- Langmuir Freubdlich
C o/ (mmol - g™ ) b/(L-mmol™") Kp/ (mmol'™g™") n R’

293.15 0.234 331 0.9967 0.849 2.96 0.9880

308.15 0.272 4717 0.9990 1.133 2.92 0.9550

323.15 0.297 674 0.9960 1.185 3.17 0.9890
3.2.5 BB AT Co( 1) M I #h ) S HHAE k. 2AS A (6)
SYHITE 293.15,308.15 A1323.15 K Fill5ECo( 1) 7E " R RT
RENESRIE AT L (W PP RE , T 5 390 0% B 5o 722 ) A O AG" = AH" - TAS" (7)
PGS AH  AS'FIAG!, BAR P @ 1L 11 o iast
InK A1 1/T $05 ELEL AR A, 455245 (6) a70f » 694310 mol-L!
RICT) B 7 45 590 T4 2, M % 2 T AR 4, tes . 10 et L
AS"> 0, b e — A T 0 ) W B L e v 130X10 mol LT
AG'<0, YL AR MEL R B R IATHY: AH'> 0, ol
BLIICo (T ) TEREIEIRIE A7 R B o P2 W A F S a0}
Co( 1) TERERESR W A7 L (19 B ok A2 K 45 85 T S
P KT B B — g 7, TS 8 T 5 R MR 4 R azs|
TR 42 A 245 T DR R 25 7K 45 7K BT 7 S A R K ol
?ﬁiﬁi%ﬁéﬁ%’ﬂﬁ%%%iﬁ%ﬁi E/\J ggi ’ Jﬂf‘%/l\uﬁ 0.00305 | 0.02)315 I O.O(I)325 l 0.0(1)335 I O.OOI345

7K

Rif I FE R I W B 2 IR SRR AT, m R A
TR (XIEESE, 2012).

E 11 Co( ) E#MIREE LR HRAESHIFMN (pH=
6.5+0.1, C(HEMYRIEA1)=0.0667 g-L™")
Fig.11  Values of thermodynamic parameters for Co( Il ) sorption on

magnetic halloysite

R2 Co(Il)ERMRER LHBRMANZESE

Table 2 Thermodynamic data of Co( Il ) adsorption on magnetic halloysite at different temperatures

Co/ AS°/ AH/ AG’/(kJ-mol™")

(mmol-L™") (J+mol™-K™") (kJ-mol™") 293.15 K 308.15 K 323.15 K
6.94x107 68.20 9.32 -10.67 ~11.70 -12.72
8.79x107 68.15 9.50 -10.48 -11.50 -12.52
1.09x107° 65.67 8.96 -10.29 -11.28 -12.26
1.30x107° 60.52 7.56 -10.18 -11.09 -12.00

4 2518 ( Conclusions)

1) SEERR R ZE R R pH EXS Co( 1) #E

PRI A W SR AR B R R, TR A
T W B, B A B pH (ER 7.5.
2) Co( ) TEMEMEIRIEA LT 5 h NIk
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FI W B -7, % o FEE SF Lagrange 1 — 9050 12
L EiR

3) Co( Il) fEREIEIRIS AT b B M B2 A % W 4
o , H HIZ W A5 & Langmuir IR 2

REEEEN G LA B, 4R, ZEANFXRBEI LB
| & Fn JLTE 2 A7 6 52 #F 57 E-mail ; chenyt@ ghnu.edu.cn.
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