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Characterization of Natural Zeolite and Study of Adsorption Properties
of Heavy Metal Ions for Development of Zeolite Mine
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ABSTRACT : The six natural zeolites collected in Pohang area, Kyungsangbuk-do, Korea, were
characterized by XRD, XRF, DTA, TGA, and CEC analysis. The primary species of these zeolite are
modenite, albite, and quarts in Kuryongpo-A (Ku-A), Kuryongpo-B (Ku-B), Kuryongpo-C (Ku-C),
Donghae-A (Dh-A), Donghae-B (Dh-B), and Donghae-C (Dh-C) samples. The XRF analysis showed
that the six zeolites contain Si, Al, Na, K, Mg, Ca, and Fe. Cation exchange capacity of Kuryongpo-C
(Ku-C) zeolite was the highest compared to other zeolites. The capabilities of removing heavy metal
ions such as Pb*", Cd*" and Cu*" were compared. The effect of reaction time in removing heavy metal
ions was studied. The experimental results showed that the efficiency of removal was low for Pb*,
Cd** and Cu*" ions. These may be caused by the low content of zeolite in the six natural zeolites.

*Corresponding author: +82-54-820-5454, E-mail: wtlim@andong.ac.kr
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This indicates that the adsorption capacity roughly tends to depend on the zeoite contents, ie., the

grade of zeolite ore.

Key words : natural zeolite, heavy metal ion, adsorption, cation exchange
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o] A AAgA =ZEHH v
of SAE I vjAde offgol

A& sty AR S EA7H HolAls
o ot QAo FAH WA FEIAGE
HhA1713 QItk(Bailey et al., 1999; Lin and Juang,
2002; Inglezakis et al., 2003; Shin et al., 2014).
olgfgt ZAIF o= Q3 tefet AdHT F T5
& 0|29 FEE 7IFA olstE @ 7] fe WA
H, F2H, EnFE, G 9 ol gy
o 2 O Sl A7 MdEI

(Kim et al., 1996; Peric et al., 2004). o=
A v8 =2 884 9 233 $Hed
< Ha3 & 7 e AHOE QS S, skt
A, AEF 9 A&} ES o] &3 Aol A
£ F5& 2a 9tk ol F
T2 EAY Hold o|2uss ¥ & §3d,
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AT 9% FHARA
(Colelia, 1996; Kim et al., 1996; Eedem et al.,
2004; Wingenfelder et al., 2005).

ALeo|Ex Si02F AlO, AFEAT} A4 AL

M2 FEtaA Addso] YA a8 T
O|F1 QE LT AYACE FEEA,

g A FREEe] EAle old
B A9} o] 2ugto] 7hsdh dFolo]
ATHColin et al., 2001; Seo, 2005 a). A<
OlE U EA5t= o252 HGA & ol
o of3l) wke] 7hsaty wE <ol 7]t
Afe Al et kst & setd B4 U
ElAl FAthLim et al., 2007; Kim et al., 2011;
Kim et al., 2014). £3] Aol Ex F& FolA
71 ol ol wdeS JHAY AEEe|E
o] FAFZ e} ol M= e A
< 7K Qo] AEE]] gol2mdte] hsaith
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A o] Atk Break, 1974).
A A&eto|Ex AETo|E BlE) F2
sHol B2 Z0E dHA AT HA Aol
E7b A og AR 714 4GS Bt 34
50 FHo EA o] 4 Al&eo|EE
tAlete] o] 9] 3-8l w9 & HAS T gl
o, AA A&o|EE o] &3 HFERH 4R
', TS 71A|9 AA 2 AR E o] 29 A
Adll #gE 7B AFAAEe] ALHoRE H
253 UBHChoi and Kim, 1999; Kim et al.,
2014, Seo, 2005 b). 53] A A|STo|EE o] &
g FEE AAd B AFEo] T - YFH o
ZEA o] FolA L Jom A&TolES FR{ B
AT o]2udEE TEE oY T/ wt
TEARE AAZA7} 4de A0RE BuEa gl
o] A AlSefolEL] tiA| 7ol BAlo] Eot
A1 Y Aot Colelia, 1996; Noh, 2003;
Erdem et al., 2004; Peric et al., 2004; Cabrera et
al., 2005; Wingenfelder et al., 2005; Kocaoba et
al., 2007). A&Go|EE o] &3 T T2 vkg
S FE ol mghl of3) o]FoiAaL glont
A AgefolE] ¢ dwbyog 9 FEA
o] opd FAe] FE & 4= 2714 o]t B
o] F&E3h= A97F thE-Eoln B3 W %
o} gk E¢Eo] ZEEo] rtiAmes, 1960;
Misaelides et al., 1994; Shanableh et al., 1996;
Noh, 2003; Peric et al., 2004). ©]&3t UQUE0]
A&efolE9] Yol nuHEH L =8 F2 EA
I} FaAEHol| tekst HslE AT wiel
AdARoR HA AEYEE TuH AAAR
olg3l7] HslAe olEe =8 - 3H E4E
A8 Zlo] TRt Basitta & 4 9l
TUelA HA A&l Ex AR s, A
A9 9 RS YRt Fol HlwE FHSH
&Skl glom, A Al&Tto|ES o] 83 thakst
349 M tEe] AHlEo] S71gkl wet mid
AZE Aol E gAto] e 1 = Aot
B dAFolAE AR e BE 23 AH99
HAA AESTolE FA4ko S87sHE FARPI
Al B gt A A=H 6719 AA ALEolE
P e Mty B XA 344 XA #E3
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Table 1. The producing districts and colors of natural zeolites

Symbol Producing districts Color
Ku-A Kuryongpo-eup Nam-gu Pohang-si light grey
Ku-B Kuryongpo-eup Nam-gu Pohang-si light grey
Ku-C Kuryongpo-eup Nam-gu Pohang-si light grey
Dh-A Dong hae-myeon Nam-gu Pohang-si light grey
Dh-B Dong hae-myeon Nam-gu Pohang-si light grey
Dh-C Dong hae-myeon Nam-gu Pohang-si light grey
B, GA D 9EY B, ol mEks B X—4H HBEA
A9e ol ojsel 27 - H5ty B4 AT
stttk =@ PbY, € B o' ol FEE & A ATl E AR ol B8t e da
2 A9 Bl FAARM) FAEA A9, o] ol o] 5] §#FE Rigaku ZSX Primus 115 0|83}
LugsES Bk FA6l ofdel Hud A o BAElgon B4 2718 Rhka, 4 KWo|th
A A&l ES FA5S Hlw BUIFOEH o]
$7bsdS Tdstast 3 HARH(TGA) X BE(DTA) 24
a8 g 200 mesh ol&t2 € 65 A A-ezlo]
EZE Rigaku TG-12802 ©]-83}49 20 C/ming| 4
HENE ER A2 600 T7HA19 25 M9E A &
AL g A B8-S s
Fut 4D ALeiolEe] 2o - oy B4
B4 8 3 A% 89S Brks] el AR ool mals =3
T 23 AYoA 4A=E 659 BHE o833
om o] 59| AHA] 9 A4-E Table 13} 2Tt 91 6 oFole WIL =AHL r}e 7o) AdrFoT
T A ASTOIES e AAF 2T F L o Axg HHS AH ALTYo|E ABE o] 83}
oA oz EHHEe A v EEAZ FY o 29 Ax AHPwosm =AYTh 09

200 mesh ©]3te] & & AHol|A A3
X—4 3|H(XRD)&EA

A ALTYlEE FAstL e BEY 54
g ol5d izt AFEMS FHs] fal X-A
38 o] AREHATE 200 mesh ©5ke] HA A
SE}o|E A|RE Rigaku Ultima [V X-41 3| 4%A]
g olgslel HYe FYsPon, Y zde
Cu-Ka, 35 KV, 20 mA, FAE 5° 2 0/min, 2=
BAko] Z(step size) 0.05°°]th X-A 37 oA
B2 EAZHRI FJ-HHE o83t JCPDS (Joint
committee on Powder Diffraction Standards) Card
dlo]g Hlo]x~ AA xZ 73 PCPDF WIN X
290 Ago ¥ AlegolEY FFH P

e B

o N
NHy(C:H;0,)9} 0.1 N NH,Clo] &g &40
NH,OH % HCl= ©]&§3t pH7} 7.00.8 244
1 N NH4(C,H;0,) &4 100 mlol 652 M A
STo|E 10 g& A7 Fof 2447t B1F wntate]
S-S A7t Rkgo] EE AERE FHRTE 10
3] o]} AIAG F o3 F Az AR 47] A
z9 ANSE 49 SHFIAE olgstd TRAAE

AR & SFE Sl it FFEAE o] &3t

AR e AR LR8P BRG] S 5
A3,
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T-N (%) = (T-B) x N x f x 14 x 1/1000 (ml) x 1/W x 100
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Fig. 1. X-ray diffraction patterns of natural zeolites.
M: mordenite, A: albite, Q: quartz.
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Table 2. The mineral content in natural zeolites

Sample  Mineral Mordenite Albite  Quartz
Ku-A % 13 40 47
Ku-B % 11 29 60
Ku-C % 17 36 47
Dh-A % 11 52 37
Dh-B % 13 48 39
Dh-C % 14 40 46

FHe FYT Wos
(Kim et al., 2014).

652 A Al getolE A7) i1 Aleto]
Eo T/ % e AAI] st XA A
AES 7P ¢ d2 3)43E-s PCPDF WIN
2L olgdt M AAE Fig 1 ¥
Table 20 YePASITE 423} 2§ 2 HoA 4
28 639 ANEE UAZE Zouolg, Z4R<
UnlolE, Ago] T FE ZHFOE o]Fo
A e ASE YERth Ku-A A5 s 2
Lo E 13%, LHIOIE 40%, 419 47%E 749
°1%1om, Ku-B Al &A= 4G9 o] 60%=
7V =9, O oo R GulolE 29%, RHu
°|E 11%7} FrEo AR eH, Ku-C AlFolE 4
A 47%, LHlolE 36%, 183 EHUO]E 17%
7} &0 9t Dh-A9} Dh-B AlBolA=
Ku-A, B, C9 AlEs} 22 M4, dulolE, 2
Uo|E F dulo|EVE 7h ol o] sle
W ggog XY, THYolE <o|Qth wh
Dh-Cé| Alselld= Hgo] 46%= 7H wol &
5ol 9o ulolE 40% 181 RHUolE
7 14%8% 23Eo] Qe Aoz A
(Table 2). ¥HtHo g THUo|Ex HE w9
Aol FEo|a APIAA & BE A9
oy AMg FHkele 4AEHA Yo AU B
i &EiA thKim er al., 1996). ©1E 659
AR XA 3 B Aol dAE, 652 A
A AgolEY Alm BFE AUHOZ mdu
o|E9] o] 13-17% A& MAAS 7HAL 9l
of &£&7F 18 EA €55 R & U
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Table 3. The elements of natural zeolites
Sample Element Na K Mg Ca Fe Ba Si Al
Ku-A wt% 1.60 4.95 0.84 4.85 3.36 - 71.50 12.90
Ku-B wt% 1.10 5.44 0.93 3.80 3.31 1.32 69.65 14.45
Ku-C wt% 1.21 3.30 0.95 5.82 3.05 - 72.11 13.56
Dh-A wt% 1.09 7.99 0.87 3.85 6.45 - 65.89 13.86
Dh-B wt% 1.11 8.14 0.83 3.70 5.50 - 66.94 13.78
Dh-C wt% 1.18 8.50 0.75 391 5.70 - 65.88 13.33

X—-M HHEH

2

0.

6% A ASTYoES FAsE Y4 D o
59 FqFE #4938 A3 Ku-A, Ku-B, Ku-C9| Al
A= Sio] ¢F 71.50, 69.65, 72.11 wt%, Al°]
12.90, 14.45, 13.56 wt% A= o] glom,
U] K, Ca, Fe, Mg ¥ Na Y47} &%F g5
o] glgo] AU Table 3). 53] Ku-B2| A
79 749 Ku-A % Ku-Co AF9t &8 Bao] ¥
AN SS AT & 9%tk Dh-A,
Dh-B, Dh-C9] A 59| 79 Si o] °F 65.89,
66.94, 65.88 wt%, Al d&Fo] °F 13.86, 13.78,
1333 wt% & Al /79 AE7F HI3 Sidt Al
FEFS AT oS FRIEHH o, TS K, Ca,
Fe, Mg ¥ Na 94% H|S=3HA dHrEo oS
golatgirh. Yukd o g wHUo|E[HE A Ty
AJE2] ¢ (Ca, Ky, Nay) (AlSisOpn), 7TH,0]= &2
g 54 2 YZEE F50] TR A= ¢HA
ATHKim et al., 1996). °li= 652 A Al&e}o]
Eo YA B g7 B4 Ayl IS F<l
g 4 SItKTable 3).

o}
v, FE EA3E 9 ge ol TR
AgetolE TA2 EA Y-S Hh=THLim er
al., 2002; Kim et al., 2014)). 4 A3 6

o
=
T AA AgolE A BF AL ok 100
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Fig. 2. DTA and TGA curves of natural zeolites.
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Table 4. The CEC of natural zeolites o " -
80 KA ®
Sample CEC (meq/100 g) . o
Ku-A 87.8 i i
Ku-B 72.5
Ku-C 101.0 — S -
Dh-A 80.0 . -
o KuC w Dh-A
Dh-B 87.8
Dh-C 74.0 i i,
o g\ re— —4 0 5 10 s 2 - 5 0 5 2
" Ku-h © o “Time (hour) Time (hour)
R H s "
HES HE » -
H H g g
3 H S L
» » H 3
" H
nl] 5 10 5 20 nl) 5 0 15 20 g 5
Time (hour) Time (hour) 2 2
“ - Yr s e
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g R Fig. 4. Sorption kinetics of Cd on natural zeolites.
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Fig. 3. Sorption kinetics of Pb on natural zeolites. e S
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Fig. 5. Sorption kinetics of Cu on natural zeolites.
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Fig. 6. Sorption kinetics of Pb on natural zeolites.
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Table 5. The comparision of mineral content in natural zeolites

Sample Mineral Mordenite Heulandite Clinoptilolite Illite Albite Quartz
Ku-A* % 13 - - - 40 47
Ku-B* % 11 - - - 29 60
Ku-C* % 17 - - - 36 47
Dh-A* % 11 - - - 52 37
Dh-B* % 13 - - - 48 39
Dh-C* % 14 - - - 40 46
G’ % - 100 - - - -
Po® % 78.9 - 11.1 - - 10.0
Ya-A® % - 29.2 7.1 60.2 - 3.6
Ya-B® % - 21.8 22.0 56.2 - -

%n this work. °Kim et al., 2014

T ES] L 13-17% A= HHAE 7
o A3 A dulolEVE B2 g st 3l
o] AujFoz v AgE|E dFE HAFa
AT 659 AlE BF YAl A48 Si 2 Al
o] gheFo] 7H E9kom YmA| K, Ca, Na, Fe 2
Mgo] &% FHrEo] USTE Ku-BollA= T2 Al
59} 2] Bao] Y5 FHE IS IRlsknh

Pb*, Cd*, @ Cu®* o] & AIAH 6%
o NEEF F25o| ulf v Ao F YeiTh
kAo 2 A geto|ES] FEHHEE T2 ol
w3gA oz o]Fojtial UHA  UTHAmes,
1960; Misaelides et al., 1994; Shanableh et al.,
1996; Noh, 2003; Peric et al., 2004). Tetr B
Aol AHEE 659 AR W2 FE& &
2 A7 x3H e wHUo|EQ glefo] d
oz AZAHL o] AFel wEd Uit Ale
go|E Ao T4 o] 29 tigh F3F A Q)
oA EEHE HEES HUE IS nAA &
k= A0 g BuEZ o] QIti(Noh, 2003). wehA
659 AEd oEF Z3E AHF dulolE
A T2A F38 AxHoly Y AloolA oF
e FEE F&o] op|E ¢ JAT AT} vl
3 Aoz Fasol HUE dIFS FA= £
g Aog AAHEG. gutdoz o]ewdl g9

0 off 7

&
=
T

-

7t BG5S FHso] dadhs Aoz o
dA Qe webd EHAY A AHSE ol emdtg

Ho] FEE FAEo| YA Yehs & 79 &
oz zg8 & Yrkil AlmHTh

ojF AFoA HuH HA ALTlE AR 4
3} B Aol AHEH 659 ANE & 29SS
Hlws)] B, F34 o]Eo] T/ wet <kt
2ol & HolA| gk Hlwod]l 452 Al57t €53
FA5o| e YERAL Qlth ol Al X
3 ATl EY TR FEFo] FEEol A
QS nzl Aoz AFRHTE Table 59 UERG
Hio} o] B Ao ALEH 659 AR HS =
tuolEQl o] 13-17% AEE wj$ e
Holl vlal tidel 459 A5 A =2 ALt

o|E9] &S HolF T Qrt w3 ALefo]E9)
T4 FA5YHLS B xFE AlLTo|ES

TR met dAg 2olg yERpdthaL RaE
ATHNon, 2003). =HollA AEE= A9 A&t
o|E9] Af HA JuRe Y A ol
E|Z22}0|E Fajo] gnkx oz Fabgeo] 945
ZOE HriE o} FA 9 A&eio|EY g
F& ket BE TR Hrleid S3eEe
Hglolgtol E > Zto|FE| Zefo| E(EH|UO]|E) >
EdtolES] A2 AHTha ¢eix JThNoh,
2003). Blal Bl 459 AE F Gue thFEol
EATe|ER FA4Eo] 9o Pool Ag FAHE
o] HYolESH 19| FelolFE|Relo|EV} X
w0} 9lom Ya-A%} Ya-BY 79 EYTho|E
4 ZEjolFE R0l ES HE FEEA F250]
e defo|EVE 23E o] itk wEkA B AT
o] AMEH 652 HA ASTelE} D] vl o
d ARE AR 439 dA ALTolES A5
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Aol A8 639 Amel A9 AlgetlE
wol vio} e rjze FHE FAAZ A
So Afo] YOBE hF We] AXY
& 5% 4% @l Basita @+ vk

i)

A A

B ATe 3R] EY Askr LEiA Jed
AMd(The GAIA project)olA] A YLUFUTHHANE -
2015000550008).

REFERENCES

Ames, L.L. (1960) The cation sieve properties of
clinoptilite. American Mineralogist, 45, 689-700.
Bailey, S.E., Olin, T.J., Brica, R M., and Adrian, D.D.
(1999) A review of potentially low coats sorbents
for heavy metals. Water Research, 33, 2469-2479.

Breck, D.W. (1974) Zeolite Molecular Sieves. John
Wiley & Sons, New York, 529 p.

Cabrera, C., Gabaldon, C., and Marzel, P. (2005)
Technical note sorption characteristics of heavy met-
al ions by a natural zeolite. Journal of Chemical
Technology and Biotechnology, 80, 477-481.

Choi, E.Y. and Kim, Y. (1999) Two anhydrous Zeolite
X CI'yStal structures, Ca13T156$i100A1920384 and Ca32
TlgSi100Alg2Osss. Journal of the Korean Chemical
Socity, 43, 384-392.

Colelia, C. (1996) Ion exchange equilibria in zeolite
minerals. Mineralium Deposita, 31, 554-562.

Colin, AF., Jeremy, LB. and Lau, Y.L. (2001)
Solid-state  NMR detection, characterization, and
quantification of the multiple aluminum environ-
ments in US-Y catalysts by Al MAS and MQMAS
experiments at very high fied. Journal of the
American Chemical Society, 123, 5285-5291.

Erdem, E., Karapinar, N., and Donat, R. (2004) The
removal of heavy metal cations by natural zeolites.
Journal of Colloid and Interface Science, 280,
309-314.

Inglezakis, V.J., Loizidou, M.D., and Grigoropoulou,
H.P. (2003) Ion exchange of Pb*', Cu*', Fe*, and
Cr'* on natural clinoptilolite selectivity determi-
nation and influence of acidity on metal uptake.
Journal of Colloid and Interface Science, 261,
49-54.

4 ol

ol

2}

m

4 AT

Kim, H.S.,, Ko, S.O., and Lim, W.T. (2011)
Single-crystal structure of partially dehydrated parti-
ally Mg*"-exchanged Zeolite Y (FAU), | Mgsos
Nais(H20)25 | [Sii17AlysOss4]-FAU.  Bulletin of  the
Korean Chemical Society, 32, 3696-3701.

Kim, H.S., Park, WK., Lee, H.Y., Park, J.S., and Lim,
W.T. (2014) Characterization of natural zeolite for re-
moval of radioactive nuclides. Journal of Mineralogical
Society of Korea, 27, 41-51 (in Korean with English
abstract).

Kim, Y., Kim, D.S., Jang, S.B., and Park, S.Y. (1996
b) Studies on the removal of metal ions with do-
mestic pohang zeolites and synthetic zeolites.
Journal of Korean Society of Environmental
Engineers, 18, 587-602 (in Korean with English ab-
stract).

Kocaoba, S., Orhan, Y., and Akyuz, T. (2007) Kinetics
and equilibrium studies of heavy metal ions removal
by use of natural zeolite. Desalination, 214, 1-10.

Lim, W.T., Jang, B.D., Park, M., Jung, S.W., Chang,
C.W., and Heo, N.H. (2002) A study on the syn-
thesis of pure zeolite Rho. Journal of Korean
Industrial and Engineering Chemistry, 13, 1-6 (in
Korean with English abstract).

Lim, W.T., Seo, SM., Kim, K.H., Lee, H.S., and Seff,
K. (2007) Six single-crystal structures showing the
dehydration, deamination, dealumination, and decom-
position of NH;"-Exchanged Zeolite Y (FAU) with
increasing evacuation temperature. Identification of a
Lewis acide site. The Journal of Physical Chemistry
C, 111, 18294-18306.

Lin, S.H. and Juang, R.S. (2002) Heavy metal removal
from water by sorption using surfactant-modified
montmorillonite. Journal of Hazardous Materials B,
92, 315-326.

Misaelides, P., Godelitsas, A., Charision, V., Ioannou,
D., and Charistos, D. (1994) Heavy metal uptake by
zeoliferous rocks from metaxades, thrace, greece: an
exploratory study. Journal of Radioanalytical and
Nuclear Chemistry, 183, 159-166.

Noh, J.H. (2003) Study of utilization of natural zeo-
lites as functional materials for water purification
(I): Adsorption properties of heavy metal ions by
domestic zeolites. Journal of Mineralogical Society
of Korea, 16, 201-213 (in Korean with English ab-
stract).

Peric, J., Trgo, M., and Vukojevic., M.N. (2004)
Removal of zinc, copper and lead by natural zeolite
a comparision of adsorption isotherms. Water
Research, 38, 1893-1899.

— 307 —



A5 -

Seo, G. (2005 a) Introduction of zeolite. Chonnam
National University Press, Gwangju, 20 p.

Seo, G. (2005 b) Introduction of zeolite. Chonnam
National University Press, Gwangju, 192 p.

Shanableh, A. and Kharabsheh A. (1996) Stabilization
of Cd, Ni and Pb insoil using natural zeolite.
Journal of Hazardous Materials, 45, 207-217.

Shin, E.C., Park, J.J., Jeong, C.G., and Kim, S.H.
(2014) Adsorption characteristics evaluation of natu-
ral zeolite for heavy-metal contaminated material
remediation. Jorunal of Korean Geosynthetis Socity,

N,
off
o

13, 59-67 (in Korean with English abstract).

Wingenfelder, U., Hansen, C., Furrer, G., and Schulin,
R. (2005) Removal of heavy metals from mine wa-
ters by natural zeolites. Environmental Science and
Technology, 39, 4606-4613.

Received November 27, 2015, Revised December 11,
2015, Accepted December 17, 2015, Responsibility
Editor: YunDeuk Jang

— 308 —



