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The three domestic natural zeolites(Yong dong-ri (Y), Daesin-ri (D), Seogdong-ri (S)) harvested in
Kyeongju-shi and Pohang-shi, Kyungsangbug-Do, were pretreated with each of the NaOH, Ca(OH);, and NaOH
following HCI solutions, and the removal performances of divalent heavy metals(Cu, Mn, Pb, and Sr) for natural
and pretreated zeolites were investigated and compared in the single and mixed solutions. The natural
zeolite-heavy metal system attained the final equilibrium plateau within 20 min, irrespective of initial heavy metal
concentration. The heavy metal uptakes increased with increasing initial heavy metal concentration and pH. The
heavy metal uptakes for natural zeolites decreased in the following sequences : D>Y>S among the natural
zeolites; Pb>Cu>Sr>Mn among the heavy metals. The pretreated zeolites showed higher heavy metal removal
performances than natural zeolites and decreased in the order of NaOH, NaOH following HCI, Ca(OH); treatment
among the pretreatment methods. The heavy metal ion exchange capacity by natural and pretreated zeolites was
described either by Freundlich equation or Langmuir equation, but it followed the former better than the latter.
The heavy metal uptakes for natural zeolites decreased in the mixed solution, in comparing with those in the
single solution and especially, the manganese uptake decreased greatly in the mixed solution. The pretreated
zeolites showed the improved removal performances of heavy metals in the mixed solution than in the single
solution and the heavy metal uptakes by those in the mixed solution showed the same trends in the single
solution among the chemical treatment methods and heavy metals.

Key words : natural zeolite, pretreated zeolite, divalent heavy metal, removal performance, Freundlich equation,
Langmuir equation
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mordenite, clinoptilolite, ferrierite, chabazite, erionite, ZPolEE digf da &
phillipsite ¥ analcime 5 79 A &elolEVl FH3] UAE uMsA 3 T EFEA
A8t Aor geid At oyF *ﬂ%?«]rﬂ_‘i‘t‘ 4 7 1 0074 mm)e] & e 4% gol3ld FHFE *ﬂ’“ OP
A A dFvEo RN, AAAMY Ex YdAMe o Ao, EHA E v ECES 4HdsA
& w8 channel® 53 (cage 50] 3)\51 FZE o AABZ) HE 38 TR Ut T oA 6-78 A
€ 5% Ude BEEAY o) w3 7bes A F 106TAHA AR § A&

Na, K, Ca3} & ¢7ig] 2 d7le] EFE9 Yol o]

o)z Tz 9= A]./\ 249} AF Table 1. The producing districts and colors of natural
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il r\r‘

so] itk FxUe BEAE 74 o8 AAT 7ts zeloites
st BEAVE AAdE *ﬂ%a}olE“ void volumeo] =} Symbol Producing districts Color
T e was s ‘j srRanE 44 Y  Kyungsangbug-do Kyeongiu-shi  Light gray
& ) ¥ 2 (specific surface area)& 7H7lth =3 A& Yangbug-myun Yongdong-ri
ol & Wlel EAshe ol U}E ol &l s gk D  Kyungsangbug-do Pohang-shi Namgu Light brown
H3, mgEoiR ol 1 FH uet AEE)elE Guryongpo-eup Doesin-ri
22 oA A stE #4217 47 tan, wgsolzl S Kyungsangbug-do Pohang-shi Namgu Light green
0] 29 A7} HHT AA wl A L}olE T2 Guryongpo-eup Seogdong-1i
2 298 # e 4% 47 g=2o? o yd gy
5402 sy Xﬂ%ﬂ"]%)t A4 He Fd d5d¥ 99, Alek
2y Z2aAh olLo A= . . . 1) e
N S oy SOE R AR A8E F34 012 Aldich A%
o wat me @wsl wasag Cu(NOy): - 3H:0, Pb(NOy), Mn(NOy); - 6H0 % Sr(NOy)» &
s ALgslg o, 7)E A2 Alg ‘=€,‘ ze A& Aee
<2 YgdMe F2 Fa AWl 947 AR .
. = e iy Argstgth. 3% 8§99 Azxe gol2d FHS
g, AF FolM HAd ALHoEV AdEHT AoE .
o o el A FZEHAEL 2 T35 o2 Uil 1000 mg/LE Z A%
obe A itk AEHE WA ALgoEE AFEr 4 § 747+ 10~200 mg/LE EA o] AR
& oMol Wz EAsE, A HEY REFe Hop e
HA &1 Joy ufjf g Fo] EAste Aoz F4 23, Adury
5]51 ALt olE g IFUolA AEsHe HI ALgolE 231, 3stEA
| o3t Z+F JiAe 4% FEE ol AA H¥S A A eaolEs #HIPEL X-ray Flyorescence
%3“ F3 ¢ 2948 4 wast Y 28y g Sequential Spectrometer(Phllxps PW 1480) & Al-&3to
£ d7Ee] &Y TEEo] EAste &l T F e 40 KV, AF 30 mA2) 2N BAsan)
FEAgo] e Aoz HA AT AAAM WEHe He
Folt odel 7k F3&olRE0] Y Y2 EAS 232 X-4 34
= A$7 B7] Wil olE AREE AA AHFITA o AA 2 Axg AMLgo)EE X-ray Diffractometer
L3ledE EA7 & Aoz Azbdd ©3F Semmens (Shimadzu GX-3B)& AH&3t9 X-A A A4 39
o Martin'®e Hd ALeolE clinoptiolite® NaClz  of, 43 zde o3 2k
ARG 2 HA ALgolE 2 F55 AAS)
A AT R aEH T Rad CuK a
wetd & ArelMs BE AFAS LA A9 X-ray ger‘lerator 30 KV, 12 mA
A atEae dd Aectel B2 Aste ddAFT Scanning speed 2"/‘min
ol FHHI v Aoz dd 2t FEE5 4EA . ‘
Cu®, P, Mn? 2 S ol 2ol Bl EaatE 499 Shfllvtigth 0 ﬁ;m
ol g AATH olE FIFE o|&o] EgE FA) Counter GM counter
she Ao M9 ol& AASE AT £ <
€9 oleud Zﬂﬂ FES P A AE AL ¢
Ze] HHE & F o)59 AA 5E& 2AS9 M4 233 A ALHolEL MAe) ¥
A & elol E 9 1417% o dlm AEIH 200 mesh o]3lel HH ALeHolEE 2xAV £
" At Egazd zA avty] 3 ¥4 ¥ & &
2. A5 g €9y F BA7IE $3se] 29r]7 28 heating mantledl
21, M4 Lol E A 7tE wwkste] A estgoh
AR Zaet Aol AZAe 23] R Ao HEE (1) NaOH®J A g
o) gl Hd zﬂ%a}o]g;—_ 3R A Ao o= 2N-NaOH 100 mLol AlE 10 g ¥ 3 80TalA 24]
o Abx] 9 MAL Table 1 % 2t} o] 329 A Alg T FL WAL F AF3HAT. o 4 4% 53 Nbs
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Y 2 AAY ALYolEd A& 27t FF4 oL AATY v - HE

+ IN-NaCl# 0.IN-HCl &3 4oz F3Azl £ 5 2 AH3ste] 4000 rpmol A 10 £ 94 2ad 3 4
T3 3~43 MHstY o F AR BAE FFE 49 *}%6}%{5} ojuf ¥rgAle 2%
( ) Ca(OH).9] A ¢ T HE2E AMEEY 20T 94 222 fRA Y,
0.02N-Ca(OH); 100 mLol A& 10 g& %3 80Col pH¥ stel ©E 93 NaCO; (10-4 N) ¥ HNOy
A 22 B HEAN F ARG O FHFE FA 0 £t NaOHE AH88led pH 2, 3,4, 5 € 622 A%
ol @ wWAR MHAG. ol HAS 33 WHEF T o o} e WHoT NES PPt
o Az £ FEE AA AL 9d F54 AA 2d9 2
(3) NaOH$}F HCI9] 944 A g < WHor FYsPoy, T T4 99 ¥EE&
0.5N-NaOH 4 100 mLel] A& 10 g& ¥ 100C 7 F&o] e da) 50 mg/LE 2AY §AL Eiato]
olA 2A17F Bt wHEAIT ¥ FHREFE FA40l B Wzt AgE g 13 A&olEE FHdkA ¥L FEE &
A AP o] RFE 33 HEF F oHstd JAE Ao dis) FANYE st AY 2HE RAAG
& ©A 05N-HCI €< 100 mLl 2o 100CTA 24] FTES oo AAZ AN HYL ofufe} o] A
5L WIAY F FRF2 340 D AR AN WCo—C
o o] #AS 33 wEE onsld Az a= M
ol #& HIkA WY HAYE Y A AL A71M g ALTE BY T 23& 0]L9 T
ZgolE AZEY ®7)E Table 29 o] Yehfith HAAAZE (nglg), V= &89 234 o] Hu(L)
CE 534 olsu 27 $E(mg/l), C& BHolA &
Table 2. The symbols of pretreated zeolites o x}% Z23¢% 0]29 5T (mg/L), ME Meelole
Places of production 9] FH(g)ol}.
TR ongdongri Daeshin-ri Seogdongri ST 34 BT AFSIZAGO 01 AA)
& Abgste] BABGOM, Cu¥, Mn®, Pb* 2 ol
g\?theageg ;(X g‘f\ SSX W Z+2+ 3247 nm, 2795 nm, 217.0 nm 2 460.7 nmel
N ; ; . o
0.02N-Ca(OH), Y-B D-B S-B A sA#R
05N-NaOH—05N-HCI  Y-C D-C 5-C 5. A3 @
31 e
234 3% ALY 2 A%d A58 359 P AgdolE B o5g
Teg ol AALEE IEHoz Wt BY  geidoz Hgw Alze A Az Table 33
FTEE ol ANYEE IH BEY 2IF oeol § g o) AR 2 e 79 2L usdEl
fre gle ZAY & 1L A4ESH2A9 500 mLE =4 p 2 S Algs d423 ALdE 7% o]ate]
A cisle) dPHY ALl ES HE F AV B o pag wyn 4o e 2z BB L2 P
W71E ANEAN, AT ARE ASR 2 mLe AR w sl Qe GEe Yee, Aoz of gol

Table 3. Chemical compositions of natural and pretreated zeolites

Chemical compositions(wt:%) )
Sample - " - - Total Si/Al
Si0 AbOs; FexO3 TiO: MnO Ca0 MgO KO NaQ POs LOI
Y-0 6080 1366 303 039 009 209 136 311 176 027 782 99.38 425
Y-A 6151 1823 326 041 0.12 2.23 1.57 341 5.22 0.17 3.86 99.99 298
Y-B 6762 1405 299 0.37 0.11 2.98 1.28 3.26 1.99 0.19 5.16 100.00 425

Y-C 7005 1678 131 021 005 149 031 313 292 005 301 100.01 3.72

D-0 6353 1277 126 024 001 225 08 270 18 005 1435 10001 439
D-A 5934 158 152 030 003 28 100 309 636 005 958 100.01 3.30
D-B 66.71 1343 102 020 002 337 073 290 19 004 957 100.01 436
D-C 7021 1181 115 025 002 128 060 301 354 003 810 99.99 525

S-0 6568 1326 154 025 002 198 09% 328 119 008 1170 99.94 437
S-A 6099 1442 15 026 003 229 097 377 515 005 1052 99.99 373
S-B 6901 1367 103 020 003 265 068 368 141 005 760 100.01 4.46
S-C 7037 1252 115 023 003 124 050 365 25 002 773 99.99 496

Fe:05" © Total Fe
LOI" Loss on ignition
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Fig. 1. X-ray diffraction patterns of natural zeolite Y-0

and pretreated zeolites Y-A, Y-B and Y-C.

D-B

Fig. 2. X-ray diffraction patterns of natural zeolite D-0
and pretreated zeolites D-A, D-B and D-C.
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Fig. 3. X-ray diffraction patterns of natural zeolite S-0
and pretreated zeolites S-A, S-B and S-C.
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Fig. 4. Concentration profiles for heavy metal removal
by each natural zeolite(Zeolite : 1 g/500 mL).
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o g AMAFe g ¥ 4H4E Uk ojE
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Table 4. Effect of initial heavy metal concentration on the heavy metal removal efficiency and uptake by each

natural zeolite

Removal efficiency (%)

Initial concentration

Cu Mn Pb Sr
(mg/L)
Y0 DO SO YO DO S0 YO DO S0 YO0 DO S0
10 8 10 7 68 8 H 100 100 100 76 97 67
25 60 776 44 44 % 3 P % & 48 T2 40
50 3% 476 B 28 % 2 76 R & 30 432 A
100 2 %6 16 6 20 13 60 80 50 19 235 14
150 16 18 113 113 14 93 93 667 40 47 167 10
200 125 138 85 9 105 7 42 5 3 115 128 175
. ) a(mg/g)
Initial concentration
(mg/L) Cu Mn Pb Sr
Y0 DO SO YO DO S0 YO DO S-0 Y0 D0 S0
10 42 50 38 34 44 27 50 50 50 38 49 34
%5 75 97 55 55 70 40 115 120 105 60 92 50
50 90 118 70 70 90 55 190 230 160 75 108 60
100 110 128 80 80 100 65 300 400 50 95 118 70
150 120 135 85 85 105 70 370 500 300 110 125 75
200 125 138 85 90 105 70 20 50 340 115 128 15
Ae pH 233 pHE AR &2 §A0A4 HAAg A8tga, pH 5~68 oM ¥ AAZFS JYeEridth
g 52 ¥& HA ALY ED-0) g% 7 FE5& ol ¥ p OMt 22 FEZ ZA3e H odo]
o]29 AANNL FBUTH pHE AR %L §9 7 IS ol&H W Ageto|E9) olemy gy
oA Cu, Mn, Pb, Sr& 7—¥7‘ 53 54, 5.2, 550 av s ARz wkgatr] Wi Aoz Atz HY
HA A gelolEE WAvlzl pHE 58~59, 58~59, 5. 2) AAE Ageloled F545 AAS
6~57, 59~6022 Z/H8lEd. 28y F8& AA H HAQ AggolEx AAHzd 98] o AT Wit
§ %ol 59~60, 59~60, 57~59, 60~612% pH7l s ez A A B ddd Agd dAg
014% %ﬂ&“—ﬁtﬂ ol ALeolE AU FEH gl o3 Al gelo]EY HA ALHOEY FFF A
oj & %"-‘,‘ F3&549 ol Mgy wet Trﬂ%l Ase Hu - AESY] A8 &4 ASH)E F& 1 g,
A7)0}l £ Na 5o 9% Aoz A}i%ﬂr. Fig. 5¢ L5 E 20°C, & F24 499 T8 100 mg/LE o
7t F8%9 pH Hale e AAFL Jehd ez
pH #3ld| We 234 2729 w37} s aw 100
A 4 F gt 53] pHF ZARFE AAZL 2
— 80
6 Z
e
§ %
5
— = 40}
:
£ @
= T 20 -
0 A

4
pH
Fig. 5. Effect of pH on the heavy metal uptake for
natural zeolite(D-0) (Initial heavy metal concentration

. 10 mg/L, Zeolite 1 g/500 mL).

5

6

Heavy metal ion

Fig. 6. Comparison of heavy metal removal efficiency

by natural(D-0) and pretreated zeolites(D-

A,

D-B and D-C)(Initial heavy metal concentration

: 100 mg/L, Zeolite : 1 g/500 mL).
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AA AgelolE 2 A ALolEE e
20CoA Z A&LHE 1g, & FTF & 10~
200mg/L Wlol A ojend F2448s Fstd 7t A
&EolEd 93 FFE&Y olxndFHL AT

Ao H]%E}°IE_D—09} A e HI%E}OIE(D A, D-B,
D-C)oll thd Cu9 o]2x#5#L Freundlich? o
Langmuir?} ol A-83a Fig. 73 8ol vtelid, Zb A
SalolEd o3 FF49 ol2ud AFARE A1)
A2 diglslel vAdsAMes T 7 sietvjg &
Table 63 791 YEMAAT. 28 2 #9] ABAF)dl
A Rz ukgh o] Al &EolEd 23t FFE ol

Table 5. Effect of pretreatment on the heavy metal uptake for each natural zeolite

Heavy almg/g)

Metal’ Y-0° v-A" Y-B° Y- D-° D-A" D-B° DC° S-0° S-A" S-B° s
Cu 11.0 30.0 155 22.0 128 35.0 180 22.0 8.0 27.0 115 190
Mn 80 210 110 150 100 205 150 210 65 175 80 125
Pb 300 410 315 360 400 490 420 460 250 380 270 340
Sr 95 280 130 195 18 325 160 250 70 250 100 170

a ' Heavy metal concentration : 100 mg/L

b : Zeolite : 1 g/500 mL
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Copper ion exchange capacity of natural(D-0)

and pretreated zeolites(D-A, D-B and D-C) as

described by Langmuir equation.

Table 6. Freundlich isotherm parameters for heavy metal ion exchange by natural and pretreated zeolites.

Cu Mn Pb Sr
Zeolite
1/n P K 1/n P K 1/n P K 1/n P
Y-0 403 0.248 0981 278 0.236 0972 8% 0325 0997 353 0260 0.998
Y-A 2145  0.103 0.991 889 0.216 0.993 2710 0225 0986 1926 0118 099
Y-B 543 0.259 0971 270 0.325 0.994 11.13  0.293 0971 451 0236 0981
Y-C 9.02 0.232 0.986 455 0.292 0.998 1141 0332 0975 6.92 0246 0991
D-0 824 0.122 0.989 445 0.179 0974 1317 0339 0979 6.25 0.149  0.969
D-A 2415  0.129 0971 1259 0225 0.998 4170  0.229 0.999 1942 0161 0976
D-B 12.11 0.110 0.993 498 0.245 0.987 1972 0.269 0.9 8.84 0138 0988
D-C 1200 0244 0.996 6.70 0.278 0.987 2679 0259 0.999 1137 0204 0963
S-0 3.30 0214 0.983 1.38 0.269 0973 6.33 0.344 0.9 2.79 0201 0982
S-A 1796 0131 0.993 7.10 0.222 0.994 2037 0451 0.994 1696 0128 09%
S-B 480 0.218 0.997 230 0.301 0983 9.13 0.301 0.993 407 0201 097
S-C 7.36 0.243 0.972 403 0.261 0.993 1317 0379 0.990 5.41 0264 09%4
Table 7. Langmuir isotherm parameters for heavy metal ion exchange by natural and pretreated zeolites.
Cu Mn Pb Sr
Zeolite Oma b P max r hma r max b r
(mg/g) (mg/g) (mg/g) (mg/g)
Y-0 109 0.282 0.958 83 0.211 0.971 334 0.254 0.942 95 0.266 0.939
Y-A 326 0.389 0926 234 0.289 0,952 69.9 0.120 0.967 304 0566 0.963
Y-B 178 0.112 0.971 117 0.154 0.959 427 0.118 0.909 148 0.101 0974
Y-C 235 0.287 0.962 148 0425 0925 5%6.5 0.104 0.9 220 0162 0965
D-0 134 0.452 0.951 9.6 0.687 0935 476 0.329 0.959 115 0247 0963
D-A 412 0.653 0.916 369 0.137 0.967 87.0 0.639 0.962 391 04% 0927
D-B 187 0.179 0931 134 0.638 0.922 559 0.372 0.946 168 0407 0996
D-C 353 0.128 0971 24.8 0133 0.950 715 0.181 0.967 266 0.051 0972
S-0 78 0.378 0.949 6.7 0.140 0.950 288 0.137 0.941 7.0 0273 0948
S-A 302 0.441 0.929 20.0 0.193 0.947 645 0.085 0973 280 0247 0958
S-B 12.8 0.136 0950 93 0143 0961 314 0.279 0963 114 0109 0983
S-C 214 0173 0.965 12.1 0.332 0.926 429 0.178 0.967 192 0121 0541
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Freundlich?] =& Langmuird .2 Z 43 %
24} Freundlich 4}°] Langmuird 2t} v& 3
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AL olg FHAE HdA FHd &3t 9\101*1 ul
+ Fa3g b Cu, Mn, Pb, Sr ©j29 ¥%=7} 2zt
7t FUsHA 50 mg/LA HEE E§sle e EF49
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AL&-5hed %—la gttt £ Fa4 S99
ASE 9d F2& %"—‘“'3’1]*19} Zo) AgeolE-FF
EA1E A9 208 oludl HY¥o =dasic

Table 8& A Aol dls] 2+ FF& o] 29
TE7F 50 mg/LE dASA HEARN EF FEFE5 &Y
9 HYPFroM T 4 2359 AAZH 27 5%
7} S0mg/Lel @Y FFE fdoA F3 T FFLo
AAZE vuste] Yeld Aot HeolA Rojxe v}
o} Zo] EF g£doM FFE ol AAFLE vdE

Hol N vlue o} A FAhsPod, Zh o] AL

tlo

oJE F2UY ole s W o]& @Bl wfe
S Mndl A3 £ A4 DA Basis Y
Sl 2 3359 AATE DY Lol A9} vhas)

A2 Hd AgetolE *}0101]*1‘\: D-0, Y-0, S-09 #

02 &34 Alo]d|M= Pb, Cu, Sr, Mnd £o.7 74
ot
D-02] 7% Poe @ Sho)AM9] AAFe] 230 mg/g

Qe e E5F &ofolX e} Phel AAFL 216 mg/ge
2 Loy D-0o g AAE AA o2 ¥
363 mg/ges @Y &dd Hd FopFd& < Utk

Table 8 Comparison of heavy metal uptakes by natural zeolites in the single and mixed solutions

q(mg/g)
Natural zeolite® c Mn® Pb° 5P° .
Single  Mixed  Single  Mixed _ Single  Mixed _ Single  Mixed Sum
Y-0 90 45 70 18 190 178 75 35 28.1
D-0 118 60 90 35 230 216 108 52 363
5-0 70 33 55 14 160 148 60 28 223
: Zeolite © 1 g/500 mL

b . Heavy metal concentration: 50 mg/L
¢ : Sum of uptake for all ions in mixed solution

Table 9. Comparison of heavy metal uptakes by natural and pretreated zeolites in the single and mixed Solutions

q(mg/g)
Zeolite® cuP Mn° Pb° Sr° .
Single Mixed Single Mixed Single Mixed Single Mixed Sum
Y-0 9.0 45 7.0 1.8 19.0 178 75 35 28.1
Y-A 24.0 153 17.0 49 230 218 22.5 135 55.5
Y-B 125 6.5 85 2.7 21.0 19.0 105 50 332
Y-C. 17.0 9.0 120 48 22.0 205 150 108 46
D-0 11.8 6.0 9.0 35 23.0 216 10.8 52 36.3
D-A 24.0 165 205 838 2.0 245 235 137 635
D-B 165 85 10.5 45 24.0 22.0 14.0 70 415
D-C 20.0 10.8 16.0 65 250 22.8 175 9.0 491
S-0 70 33 55 14 16.0 148 6.0 28 2.3
S-A 220 125 145 38 22.0 20.2 20.0 11.3 479
S-B 95 45 7.0 2.8 190 17.0 85 40 283
S-C 15.5 8.2 10.0 3.8 21.0 18.0 12.5 6.0 36.0
a: Zeolite © 1 g/ 500 mL
b : Heavy metal concentration : 50 mg/L

¢ * Sum of uptake for all ions in mixed solution
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