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Abstract

The adsorption performance of cupper and zinc ions(Cu2+ and Zn2+) in aqueous solution was investigated by an adsorption

process on reagent grade Na-A zeolite(Z-WK) and Na-A zeolite (Z-C1) prepared from coal fly ash. Z-C1 was synthesized by

a fusion method with coal fly ash from a thermal power plant. Batch adsorption experiment with Z-C1 was employed to

study the kinetics and equilibrium parameters such as initial metal ions concentration and adsorption time of the solution on

the adsorption process. Adsorption rate of metal ions occurred rapidly and adsorption equilibrium reached at less than 120

minutes. The kinetics data of Cu®*

pseudo-first-order kinetics model. The equilibrium data were well fitted by a Langmuir model and this result showed Cu’

and Zn*" ions were well fitted by a pseudo-second-order kinetics model more than a

+

and Zn”" adsorption on Z-C1 would be occupied by a monolayer adsorption. The maximum adsorption capacity(qmax) by the

Langmuir model was determined as Cu®* 99.8 mg/g and Zn>"

108.3 mg/g, respectively. It appeared that the synthetic zeolite,

Z-Cl1, has potential application as absorbents in metal ion recovery and mining wastewater.

Key Words : Fly ash, Zeolite, Cupper, Zinc, Adsorption, Kinetics, Isotherm

LME

2T 4}le) Wz Qstel ofifA] 2u)7t S
Z7H S, ol ofuiA) S0 et ofuiX)
o2 B2 WA % A4 U7} o] o] g5 9]
oF. B2 M ARSI HRhS A THgelA of

O

"Corresponding author : Chang-Han Lee, Department of
Environmental Administration, Catholic University of
Pusan, Busan 609-757, Korea

Phone: +82-51-510-0624

E-mail: chlee@cup.ac.kr

Fol BlARA 7 HAgRteE wARA O] /402 Si0,¢}
ALO; S 24 =9 A9 60%0)/ & AHAJstaL QLo
H, Fe;03;, Ca0, MgO, TiO, 5 5831 3 slstEy
ol EhARS che Eakela ik WA o] uak
A= AHE, A2 E 3|, BEGRPIA, 23} AlE
(W5, QS 4 8= 5), ATAFIA 502 AR
BRI, o mi el o AgEar qle AAol
t}. Ahmaruzzamanm(2010)2} Hui 5(2005)2] o+
of oJstd Ak o] F=A4ER1 Si0.9F ALOs 52 &
4o AgolEe) 2L P2 uio] £H G

P



1608 o]

o] ol FAAEA Y 75S T 4= vk Hal
Sk Hf Q.

A QA A7 Al 2t E AR ufd =7} 5l
Utk Y AlZTtolEw S2sEo] Sl &
oAl 37ho)7] wfitel URMA SR digdn|7t &
A a1 St 7ot o] 85 AL gl AAolTh A

A

g3lo] tioret £Ro} 450] AgolES A%
Lo} 252 choket Aol 4 Seso) v
o1l AL eto =S T Aart g ot
(Wang 5, 2006; Wangi} Wu, 2006).

Hui 5(2005)2 &4 v 258 99 A&
Zlo| EZ o] g3Le] Co™', Cr'', Cu™, Ni*" & Zn™" o]
= AA L ez F2l/3]4 e Hlaskelen,
Apiratikul 2} Pavasant(2008)+= 14 A|l-&2fo|EE o]
83 Cu'eh Pbe] FAGE 9 SRS Bt

SFTE. Wang¥h Wu(2006)= Al&Eto]E9f AR
TFEE7HE 7REE, ARPE B S o

71 E48E o8-8t FAY & ISl HA A= v
walglon, 7t FHAY F2 EAAL TS T S
2H) 2 9 O] = - 3ok B4 Rk W
Lo sonh SR e @4 Algeols
(Nascimento 5, 2009), & H|AF|(Hsu 5, 2008) 5
& vhpspll Abgst glow, B3 54 304 5

=
i
o
o
Lo
&

i AlEEtolE S Y9l EHEA]
2 gz o F¥Fe M=kl stk

2 As AEA e E R A&l ES
ARESE] A HE, B8t - 55 - T RS |
4= 5ofl ok ZE|o] Q= Cu¥' e Zn” 0] 28 A7
4 3]0 tfgh 7Hs/dE B7FsHATh Cu®t Zn o]
o] F2t E= o] 2ugt EAS ATA R vusty]
95lo] Lagergen 12} 2 22} 214 A7} Langmuir
Freundlich 2522418 AMS319 T, 7 B4

[e)

o] A W JTASE AP

d 1o

p=S

2. Tz % digy

2.1, BXHIY 534
2 oqgo] AMgE FHAL Aokd Algetols
4A(Z-WK) 2} e Qe 24H Sol] 2f5He HAP)

]

o

ks

o} A7 71710l A AFH= vlAA = g et Al&at
O|E(Z-C1)E o|g3lth Z-Cl9] 3L Fig. 19]
UeRH A3} o] vlikAjof ALOs 713k Si/ALS]
EH|Z 1 1.5 2 243}, o] AR Na,COs& 1 :
1.2 2 33510] 800 CollA] 1 A|ZHEQT 884171 &
G-goHof| A mHFSHHA <34 9l AASE WA A
Alzstoict FRATES flal gol42 Al-ska
105 Col|A| 2 A7+ Ax3E 3 A3k

Sintering
(Coal fly ash)

|

Fusion at 800 °C
(Na,CO; + NaAlO,
+ Coal fly ash)

l

aging

l

Crystallization

l

Filtration

)
Drying

l

Zeolite by coalfly ash
(z-C1)

Analysis
(XRF)

Analysis

(A
(XRD, XRF)

Fig. 1. Synthesizing procedure of Z-C1 by coal fly ash.
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Fig. 3. XRD patterns of the Z-WK and the Z-C1.(A - Na-A
zeolite; C - Calcite(CaO)).
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Fig. 2. SEM images of a (a) coal fly ash and synthetic zeolites((b) Z-C1 and (c) Z-WK).
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Table 1. Characterization of the coal fly ash(F-Cl), the
synthesized zeolite 4A(Z-C1) and the commercial
zeolite 4A(Z-WK)

Composition Fly ash Zeolite 4A

(Wt%) F-Cl Z-Cl  Z-WK
SiO, 44.49 35.61 47.32
ALOs 15.80 20.07 34.87
Na,O 0.70 12.89 17.66
CaO 20.86 21.39 0.07
SO; 6.64 6.18 0.03
Fex03 6.78 1.06 0.03

MgO 0.18 1.14 -

TiO, 0.58 0.44 -
etc. 3.95 1.22 0.02
total 99.99 100.00  100.00

Si/Al mole ratio 2.39 1.51 1.15

*Crystalinity(%) Not available 54% 100%
BET surface area (mz/g) 25.22 48.12 20.25

Yntensity of XRD peak of product

* . it (07 ) =
Crstalinity (%) Yntensity of XRD peak of standard

%100
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Fig. 4. Adsorption capacity of Cu and Zn on adsorbents.
Co=100mg/L, T=30C, pH=5.05
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Fig. 5. Effect of contact time on uptake capacity of Cu
by Z-Cl. Lines represent fitting using pseudo 2"
order equation model.
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Fig. 6. Effect of contact time on uptake capacity of Zn by
Z-Cl. Lines represent fitting using pseudo 2™ order

equation model.
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Al T2, exp) Q! 102.0 mg/g} 108.8 mg/gol <
o= AE el ol
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2248 ARgBLe] Cu”' ) Zn” o) t51es} g4 Al

o] aFo] T ZAE| o S3HACHA, 1995).
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qe qm axb qm ax
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:L_/J\_ = 2} O &z = o) o N _ -
01'9‘9‘] '9—‘1]—1_ EZ‘LXﬂ = O]'g_?_].— == 01'\9: Freundlich EZ}E—QEH‘ [e) E]_oo ]. vgg_]].@ﬁ ]:‘"76“
A A A o] A x ko]l AR LA 1l _ €5
o] A|ATAA A T2A U 2 & 8 o_a7;ﬂ = T2 7Pl 9lon, thea) o] FE )
SRS SRt Fast abolct FHBPL F
Solee] e} BAA WO PARRE FAY = O 0
(capacity) ¥ 3} %(affinity) S & = Ut} 2 A G ‘ re
Table 2. Kinetic constants for Cu on Z-C1
C e.exp kl ,a-d (e.cal rZ kZ,a\d>< 10‘-3 (e,cal r2
! (mg/g) (1/min) (mg/g) (g/mg/min) (mg/g)
50 66.6 0.200 60.10 0.9695 0.0033 81.736 0.9919
100 102.00 0.017 78.17 0.9557 0.0004 110.70 0.9949
200 111.20 0.030 43.54 0.8917 0.0024 113.06 0.9997
Table 3. Kinetic constants for Zn on Z-C1
C Qeexp Kiaa Qeycal 2 k200107 Qe.cal 2
! (mg/g) (1/min) (mg/g) (g/mg/min) (mg/g)
50 91.60 0.063 90.14 0.9924 0.0012 84.00 0.9971
100 108.80 0.017 73.40 0.8625 0.0005 114.94 0.9965
200 108.20 0.026 75.40 0.9287 0.0007 115.07 0.9969
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BAZE AP CustZno] FEE FEAY S5
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Fig. 7. Model fitting of Langmuir and Freundlich equations
for Cu adsorption by Z-C1.

150

120

q,(mg/g)

Langmuir
> — — —  Freundlich

0 50 100 150 200 250 300
C, (mglL)

Fig. 8. Model fitting of Langmuir and Freundlich equations
for Zn adsorption by Z-C1.
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Langmuir®} Freundlich S2H5-2-2]o] 2J3)] of| =5
£ vt Zlo|t} Table 4+= Langmuir2}: Freundhch
K0] 13} quas, b Kr, 2 UnS AR} Leh 9L,
Cu®} Zn S22 AA| TG, i exp) 2} 012 2

G et & O1HEB1] A 9)0]) 13 Hi oeie(e)
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N

Z|(Qe¢i.exp - qe7i¢cal)/Qe,i.eXp|

1
= X
€ N 100

AZMNA G i exp Rt Ge i cari= AA A SRR
o2 FAFS Uehiin, N& A3xao] -5 et
hil=

Table 49]| LFet A3} o] Cu® 9} Zn* ¢] o
2]-8( €)%= Freundlich 4] 4] 22} 17.607} 19.13 %
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Fig. 9. Comparison of the experimental, decxp values with the
theoretical, qeca values obtained from the Langmuir
and Freundlich equations for Cu adsorption by Z-C1.
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Fig. 10. Comparison of the experimental, qeexp Values with
the theoretical, qcca values obtained from the
Langmuir and Freundlich equations for Zn
adsorption by Z-C1.
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o o & & & 4 ATk Qiu®} Zheng(2009)

Table 4. Equilibrium constants for Cu and Zn by Z-C1
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