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Kinetics and Isotherm Analysis of Valuable Metal lon Adsorption by
Zeolite Synthesized from Coal Fly Ash
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Abstract

In this study, zeolite (Z-C2) was synthesized using a fusion/hydrothermal method on coal fly ash (FA) discharged from
athermal power plant inthe Ulsan area and then analyzed via scanning electron microscopy (SEM) and X-ray diffraction
(XRD). The Z-C2 was characterized in terms of mineralogical composition and morphological analysis. The XRD results
showed that its peaks had the characteristics of Na-A zeolite in the range of 260 of 7.18~34.18. The SEM images
confirmed that the Na-A zeolite crystals had achamfered-edge crystal structure almost identical to that of the commercial
zeolite. The adsorption kinetics of Cu, Co, Mn and Zn ions by Z-C2 were described better by the pseudo-second-order
kinetic model more than by the pseudo-first-order kinetic model. The Langmuir model fitted the adsorption isotherm data
better than the Freundlich model did. The maximum adsorption capacities of Cu, Co, Mn and Zn ions obtained from
the Langmuir model were in the following order : Cu (94.7 mg/g) > Co (77.7 mg/g) > Mn (57.6 mg/g) > Zn (51.1 mg/g).
These adsorption capacities are regarded as excellent compared to those of commercial zeolite.
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1 QJtHollman et al., 1999; Molina and Poole,
2004; Lee et al., 2015). Querol et al.(2002)-& 7]<&
A7t 2719 S 7Nt HIAEAE o]
8% Algeol= UL AXFEOR, Wang et
al (2006 55 Siejurdse] WAk ) zEE
Si0,2} ALO; S YRE Aleto|ER gAdste] A7}
o] ZAA| EA] 83519 01, Lee and Park(2011)-2
Sk SAF A oA v EE = 221, v " 9
s of-gsto] T Al&To|EE Alx % AR} 5
AL A|A1519iT). Tanaka and Fujii(2009)= XS
©0]-8-3F Na-A 2} Na-X Al&eto| E A =49
8% ZMII] S8 29 BRE ol8siol
SiOy/ALOs |7} 13+ 4.5¢1 27 0] Na-AS} Na-X A|
2efol =2 gHshch

ARk a2 2 Al eto] (Apiratikul
and Pavasant, 2008)2} H]AF(Wang and Wu, 2006)
2 ol FF4Y BAFL T4 B ALl

E F2 9 FHEA w38k Ao o
o)) ATk W=t} 3}¢Ic) Nibou et al.(2010)&

& Na-A A& EE ©]&3t Zn o] 29| &2}
ARl FAEEE §4 23 SiEalo] 2 grom],
Langmuir S25-2400] ofgt TS 1189
mg/go|2fal B 13}t Smiciklas et al.(2007)2 A
o A&ato|EQl clinoptiloliteE ©]-83F Co 0] A
Aol sl A-FstR=dl S&FFe] 3.40 mg/goleial
SIck. Hui et al.(2005)7} Wb = 2e] gHE) A8
2P| E 4AE o]-83t &9k T4 ©](Co, Cr, Cu, Zn
% Ni 0]2)9] A FAEEL G4 17 454]
TR A} 23 SEAlo] ofs) B o33 4 ok
H 13}t Apiratikul and Pavasant(2008)+= H| Az}
23 T AL S o] 8 Cu, Cd 3 Pb o]
20 FALEL §4 27 SEA] o3 o=
T Rlon, 27| FL7) =& A A= intraparticle
diffusion stepof] 9]} E&rEE7} AgtEchal 5tk

Langmuir 5220 o3t Z|j&&=2 Pb (420.6
mg/g) > Cu (90.9 mg/g) > Cd (97.8 mg/g) <=°|=taL
AA1E B} gk

2 AtollMs A S Ao A EAYRE
A A HIAE o] 8-5t0] Al&Eto| EE 5L,
W Al&efolEx HASAER|Z(SEM : Scanning
Election Microscope) % XAl I|HEA7|(XRD :
X-Ray Diffractometer) S o]8§3t 58S &4
ST Wy AgeolEL Mgend B b
F4(Cu, Co Mn 5 Zn)9] FASIE(SAL 13 2 2%
£ 29)e} 5252 Langmuir Y Freundlich &
524 S Brhso] FAA M| BAASS Y
5o Brhstaick

2 Aol ARE F2AlE &4t 219 8] HARol| A
gz M7|IH7IA 2 E HIAEHFA, fly
ash)& o]-g3F3l o, that} ol Al&eio| EE 34
sF3th FAS] ALOs H7Fste] Si0/AL0:9] EH|E
1:1.52 243}, o] A5} Na,COsS 1:1.28 =3}
sko 800ColA TAIZHEE 8-5AIXl 5 580l A
IukshEA 44 2 AR e AR ALl
()8t Z-C22 271 8H S A Zat3C.

T2 AgE Algdol=y b xS
XRF (X-Ray Fluorescence spectrometer, Shimadzu.
XRF-1700)& o]-&5to] £43}aL, FA9L Z-C29] 2
AHZ= XRD (X-Ray Diffractometer, Rigaku,
D/MAX2100H)2 A}g-3t0] BA5H1c) ES} H]= o]
¥H2E= SEM (Scanning Election Microscope,
Philips, XL20)-2 o|-&3}o] T&314 )

22, add

Face) wEgAe osRlHe] Alekae
Co(NQO3),-6H,0, Cu(NOs);'3H,0, Ni(NOs),-6H,0,
Zn(NOs)»-6H202 T-91510] 1,000 mg/L©] TN O 2
Azl BaF SER S|4stel AT BH
AZFe] e 500 mLe] AlZkEerszc) 271
Lo 2 H=E 717 100 mg/Le} 1 g/L3jal, 2%
2 pHE ZH2F30C2F5.00. 2 245 5 150 rpmof| 4]
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4XIZE B 45T, BAATL 10~308 e
& 5mLO A=E AF 34 10,000 rpmojjA] 10 &7+
QupelNA  ASAS  siMele]  ICP-CES
(HORIBA, JY ACTIVA)& 545191t} £oo] pHi
0.1 M HCI (Samchun, EP)2} 0.1 M NaOH (Samchun,
EP)o2 ZxA35}% .9, pH meter (Istek, AJ-7724)E
£ golo] pHE Z4olslc), emo) 248 Baw
She oA LR T2 SEANGIAE LEX

O

A W7 E o] g3to] AE-E =53t
SaA of] T2 o] 29 T2 thaa Zol
AlAkst et
- (c-c)v X
€= (D

A7IA qe= BE FAHmg), G 2715%
(mg/L), Cei= FHF(mg/l), Vi= 89| F|(L),
m-> F2HA| 9] f(g)olth

212 0f kol e AE2 22t 100 mg/L &-Hof
283, 293, 303 ¥ 313 K& 2= H3}= AlA AdS
Y519 al, 2%+ Shaking incubater(Hanbaek,
HB-201SF)E ARg-8to] 2453t

3. 2t A ¥

3.1 HIARHE 0123t MigajolE &M

Fig. 12 FA, FAR §H%F 2-C2 2 418 A &e}o]
E(Z-WK)2] XRD &8 u]mslo] Lpehl o]},
Fig. 1(a)o]A] ul4k1e] XRD 534 20 gro] 211,
36.7, 39.69] Q(quartz)2} 20 Zo] 25.7, 31.6 =2
M(mullite)o]] Sjg5He w27} 22 vepdeh 317

B3 frHRE0lR0) BHEE Ul 52 34 85

ok 8-/ Aol lsh gt Fig. 1(b)2] Z-C2+=
Q9} M2 T T AHE|T1 207} 7.18 ~34.182] H 9]
o 4 Na-A |-& 20| 2] S48 Lepj= XRD )21
= Lot o 217e) XRD 7)2s REEAR 1
4t Fig. 1(0)ol412] Z-WKe| 7l=ehe olajaige
™, Treacy and Higgins(2001)7} AJA| 3t Na-AE A&
210 E(NapAl;Sin0ss27.4H,0)9] XRD B4 3]
of A&} FL7E Xl HEbdTh E]L ulAkAet
Na,COsE 0]8-3} Lee and Park(2011)2] Z3}oj| 4] A
AR R Ag ol EokE SARY e Lerlgl
t}h. Fig. 2= FA, Z-C2 9 Z-WKo]| th3} SEM o]u]%|
2 Lpeh o]tk Fig. 2(@)ol4 WA 7 B
TR YAl TEHAR, S-g/ERAd0l 2
3 Al&eto] E Z-C2 2 /g =" A Fig. 2(b)oll A
ol AxwAe] AY+=E FsIork E3L Fig.
2(b)9] Z-C2+=Fig. 2(c) 9] Z-WK e} 22 3-8 Al&2t
o=z Ao AKE AHFEE LERlo] XRD 3
9} SEM o]u]Z|efl 4] T Na-A Al&eto| 7} 314

] A52 2ele = ATk

(c) Z-WK
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Fig. 1. XRD patterns of (a) FA, (b) Z-C2, and (c) Z-WK.

Intensity (A.U.)

(b) Z-C2
Fig. 2. SEM images of (a) FA, (b) Z-C2, and (c) Z-WK.
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2-C2¢] 2J3 Co, Cu, Ni % Zn®| 2} £=5 gof
H7] {18t AR IR} SEA T AR 22] S 4o 2

gl wlzaisie,

A LA} 242 23kt (Lagergern, 1898).

%:kl(%_qﬁ) @

o714, ko] fFAF 1A EA=0]31(1/min), qi=
ARt tof Al o] Z2FHmg/g), = B F S 2 (mg/g)©]
ch

FAL 22 Al tF2at Zti(Ho and McKay,
1998).
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STt SRl wet 27 FREETY 24| S
? SR AIolA A= A HolH,
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Fig. 3. Effect of temperature on adsorption capacity for the adsorption of metal ions by Z-C2.
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Z715HAAIL, Co, Mn B Zn 0] 2:9] FATHE WH5-2
wo] ule} 7kt 77.8~100.4, 23.8~47.1 mg/g U
38.0~56.1 mg/g= Z}o]= RArk Fig. 3(a)~Fig.
3(d)°IA Cug} Co, Mn 9 Zn 0] 29] FHLHEE ]
3 B, Cu o] &o] Z-9 HejF AL #9| AR5
Al w2l wet Faemyl Z7leigt 1]
U} Co, Mn % Zn 0] &-& ¥1-g- 21 of wha} 2o 2tk
7} F2H& 2L FAo F7kste] Cu o] &t thE A

%tk Co, Mn 5 Zn o] 2.9] A 34 Ale
o] EE o] 83} Zn 0]L-2] T oA LE o] =)o)
uz} Fzlo] Z7|gtcl= AyEl-Kamash et al.,
2005)9} GARE HaFS ALk 2} ool thet B
S Aplo] AT 4] )9} 4] BN AN fAF
2j9} A} 23} A0 28:5}0] Fig. 49} Table 1]
UhehGich. Fig. 4of Uil v} o] 2} o] 259
ARGz o A B Gee) 2 FAF 121} G227}
212 210 OJ3t A Z3h(qeca) S B KT, G} 13}
S Ao ]3] GAF 23} S A of) OJ5) AV qecar]
QeewOll B ZHBh= A HIth E3E Table 1]
A LpERH A3} o] o] 2-0] ol we} ekzte] ol

SRR R 87

ot

L QIAuk 9] Z1o] 0.7406 ~0.9809¢1 AR 12} &2
Aofl v]8fl 1 2] gko] 0.9828 ~0.9998 91 G-AF 23} &1
Aol A B A Yttt o] AxtREE Co, Cu, Mn
W Zno] SRR A 1 SEA Hok 4124
S ajol] ofs) 2 oZBL BH<Iat 4 I2ieh Hu et
al.(2005)7} H|AEEE FAE Al2ololE 4AS
0]8-5F 23 S5 0] 2(Co, Cr, Cu, Zn ¥ Ni 0]-2)
o) AANA BT Ak 13} A Tk A}
27 SEA] ojs] 2 2 4 glrke Ao}
Rahman et al.(2010)0] BJAF| 2 3443 NaA-X 3HAJ
ALOIES olgelo] Sr ol e FaEE g 2t
oh= AX|sh AT Lrepfgick

33 & 82 5y

1 A0 4= Co, Cu, Mn @ Zn 0]2.2] 5247
AE Langmuir®} Freundlich 2} 5-24] Al
7 AEsteck

Langmuir 4]-& ¢HEx}Z E2ke 7
23} ZreHLangmuir, 1916).

Table 1. Kinetic model parameters for the adsorption of metal ions by Z-C2

Parameter . Pseudo first order Pseudo second order
C e.exp

lon (o) T?El)p' (mg/g) (1/1;111) (liz;lg) (g/m:' min) (327;) 2
283 77.82 0.0134 52.81 0.8597 0.00053 8339  0.9925
293 96.08 0.0107 63.97 0.8188 0.00048 99.33  0.9838

co 100 303 95.10 0.0179 70.66 0.7406 0.00043 101.52  0.9893
313 100.38 0.0225 86.24 0.9902 0.00038 110.80 0.9997
283 90.42 0.0237 54.89 0.9200 0.00107 94.01 0.9998
293 91.65 0.0497 69.31 0.9207 0.00186 94.03  0.9992

c 100 303 91.54 0.0787 86.97 0.9805 0.00185 9434 0.9986
313 91.76 0.0705 139.62 0.9812 0.00101 96.66  0.9982
283 23.84 0.0110 20.65 0.9669 0.00063 2854 09828
293 46.12 0.0164 24.06 0.7878 0.00198 4729  0.9963

Mn 100 303 46.70 0.0135 26.87 0.7458 0.00130 48.75 0.9946
313 47.08 0.0100 34.73 0.8445 0.00052 52.13 0.9726
283 37.98 0.0522 35.25 0.9059 0.00216 4228  0.9984

- 100 293 45.92 0.0216 39.18 0.9013 0.00101 56.84  0.9884
303 55.90 0.0550 55.55 0.9809 0.00150 61.73  0.9993
313 56.61 0.0346 57.06 0.8616 0.00075 68.55  0.9963
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Fig. 4. Comparison of experimental data (qccxp) and
theoretical data (qeca) evaluated from kinetic
models.
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5 (mg/L)o]t).
Freundlich 2]-& &xA)|9} S22 Bx} Alo]e] t}
.

2% 52ke yehgn] ofeiel ZthFreundlich,
1906).
q = K" ©)

67| A, K= Freundlich A ) =
of et A=A AW S5 F2so] Yo 9
njgtt} ImE SRS Uetl= = g e
22013 off F2bo] A dojuiH, 1 olskel &4
= 52 oltk

T2 SAAEE Fote] 92 AT Fig. 5o YEk
Helom, ol dlolEE 4] ()2} (5)oll thste] &
2l g gE5-2 Table 20]] UERQITh Table 29])
Hepd 23t Zo] Co, Cu, Mn % Zn ©]29] J2R&
Langmuir 5240 2-85t 7-¢- 7} o]0 wha} 2k
9] Zpo]i= HolZukr? ZH20.9819-0.999 2] M Q|= 1t
ERfSAT) Freundlich 5240 283t Z-9+= Co%}
Mn ©]-&-9] ? ZFo| ZFz+0.80133}40.9112 0 2 4] Cug}
Zn ©]-&9] P 7121 0.56613} 062589 H35] Ao
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@l
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Fig. 5. Adsorption isotherm for the adsorption of metal
ions by Z-C2 (zeolite = 0.2g/0.2L, temperature =
303 K, pH=5).

2 52 3 YER AT Langmuir 5242 r* gt
K= v WA vebgth o] a2 R Co, Cu,
Mn 9 Zn 0]29] 52525k Freundlich 5-241H
th= Langmuir 52410 B 2 WhEdh= 2102 e
St Rk Langmuir 58410 2 RE) 73t o) g2t
22 Cu (94.7 mg/g) > Co (77.7 mg/g) > Mn (57.6
mg/g) > Zn (51.1 mefe) %02 %A ek}, of
Hui et al.(2005)7} B]AR| 2 5E] A5 Al Lafo|E
4A9] =3 T4 ©]&(Co, Cr, Cu, Zn Y Ni 0]2)
9] 5252 Ao A& Langmuir 5240 & 5.5}
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¥H40] Na-A® Aelo 0] B3 42A0] 2Hleks
Cu (4.194) > Co (423 A) > Zn (4.30 A) 9} 72 24|
2 58} Hlo] 5Pl Na-A A& 2ol B3]
7] oo ® FTksto] R A G 283
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Table 2. Adsorption isotherm parameters for the adsorption of metal ions by Z-C2

Hydrated Langmuir Freundlich
Tons radoius ; K ;
(A) Qm (Mg/g) Ky (L/mg) r n (mg/g)(Lime)"™) r

Co 4.23 77.68 0.4075 0.9997 6.7343 40.13 0.8013

Cu 4.19 94.67 3.9748 0.9999 13.5298 68.55 0.5661

Mn - 57.56 0.0306 0.9819 4.3308 13.34 09112

Zn 4.30 51.09 1.6881 0.9999 6.0410 27.73 0.6258
% 2H deca) 2 Fig. 63 0] Leho] ulamsh wwl, A ARG AleolEe} Ao) SARE HY AgTE
Freundlich S2H5-2-4] Wr} Langmuir SX5-240] 2 21915} Na-A Al&2to]E7} FAEASS el
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Fig. 6. Comparison of experimental data (qeexp) and
theoretical data (qeca) calculated from isotherms.
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