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Fig 2. Some important zeolite localities in
Yeongil-Gampo area.
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Fig 3. A schematic section illustrating zeolite occurrences in Yeongil area.
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Table 1. Zeolite species found in the tuffaceous rocks in the Yeongil and Gampo area.

Zeolite Species Chemical Formula Type Locality

clinoptilolite (Na,K)eAlsSigOrs - 20H,0 Yeongil: Guryongpo, Sangjeong,Geumnori, Mahyonri
Gampo: Yongdongri

heulandite {Na.K)Ca,AlgSig7075 - 24H50 Yeongil: Shingyeri, Hacgogri

mordenite NazKCanAlgSiygOg6 - 28H,0 Yeongil: Guryongpo, Mahyonri
Gampo: Yongdonri

ferrierite {Na,K)Mg,Cag sAlgSizq07; - 20H,0  Yeongil: Sangjeong, Guryongpo

erionite NaKyMgCa; 5AlgSing07s - 28H,0 Yeongil: Seochonri, Bangsanri

mesolite NaysCaigAlygSizgOayg - 64H,0 Yeongil: Shingyeri, Bangsanti

natrolite Na,6Ali5Si540q0 - 16H0 Yeongil: Shingyeri, Hacgogri

analcime NayAl5i500g5 - 16H,0 Yeongil: Hackgogri

chabazite CasAlySigOsy - 16H,0 Gampo: Hoamri

Stellerite CayAlgSisg070 - 28H,0 Gampo: Hudongri

harmotome (wellsite) BasCagsAlzSiy10s + 12Hs0 Yeongil: Bangsanri

laumontite CasAlgSi 0y - 16H,0 Gampo: Ipcheonri
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Fig 4. SEM micrographs of some useful zeolites occurred in Yeongil area.
A. clinoptilolite, B. mordenite, C. ferrierite, D. heulandite and erionite.
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Fig 5. Guinier-Simon X-ray diffraction
photographs of clinptilolite (A) and
heulandite(B) when heating
continuously up to 900T. Note a
slight deflection of 3.8A reflection at
about 500 and a phase change of
heulandite at about 350TC.
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detR o2 oo ALl Er A4S 0z ALHo|EE FREOE e FERYL LE
T F8E oM e £33 243 B Aoy 9 EFEY] Wi, F5FEY ALHH &
of Whgsty A ke @aldel FaNE U HI Y4AE V|FoZ FEN S A %"
ehdch 2elv AEE] AME Hel w29 A (grade) & % &3] W& 4= glth(Table2).
e, AN YA gFMe] B} F& MEE & o] M 53] AdElo|EXNY ol x]ﬂ
e Aol §Aog FERYY ZuUelE T8 (cation exchange capacity: C.E.C.)¢]
U Medz chl e Sior Alge] MAFEE e FEEL BEEER £ agds B
ol Bo] F#2 Aol HAud BAS veil Pz, IueMe gy AggelE BEI
© H vlajA, 2dE)|EE Bol Ffsle A FAME EFslan Al gSolE FMo] g 3§
de £o2x Bd I HA FIe B FgEAMol} F-(quality) FX9 C.E.C. B4
At Fe) GANK &3] AMSshE 429 F AE BHA #Hrlslele LF77F WolA g
dEes 2713) AEeolE" 2 Al Ase ol X-M3d e AdAE Vel
olE'gls &ole Ao L ECHEEY AU 7I71E A%y w@gd FYd ALgolEY F
2ol FF Az W ALEolE FAe BY 0 F UL BE Aguo)Es BEEFEEY 2
o] a}o) & oujdte A2 ARG A Al A FFH o EAE £ e dAE T
2ol E FHEL EoHuUelEV} Bo] FHE V]9 ol23th or]dEe s EMWE(Rietveld)
of ol X He] Al&etolEof HisiA Axrt & o & FFEAW (quantitative phase
< Holth, ¥4 A LTo|E FHEE FASE  analysis: QPA)O] 7HY EFHAA Roz oA
BAE Holed, ole et st Add Aok dgnyol tid g E AT AR
A AbzsEE A EdolE BaEe TEAA 9o HA (preferred orientation) &I, 2R
29 Aoz gelx Qo). = 3 3EN ER SE BYst Hesw F

A&l E FM & A2 F474d 2B & BNARE 92 5 U AAZE o] BAY

Table 2. Chemical analyses of zeolites from the samples by EPMA and wet method.

clinoptilolite mordenite ferrierite heulandite

1 2-1 | 227 3 4 5-1 | 52" | 6-1 | 62" | 7-1 | 7-2*

SiO2 | 66.57 | 65.67 | 61.67 | 67.37 | 67.95 | 71.66 | 72.90 | 68.42 | 62.31 | 56.08 | 51.31

Al20s | 13.06 | 12.04 | 11.11 | 13.00 | 12.10 | 10.66 | 12.20 | 11.52 | 10.52 | 13.64 | 13.67

Fe203{ 0.71 | 0.98 | 0.06 | 0.32 | 0.91 | 0.22 | 0.19 | 1.03 | 1.24 | 0.52 | 041

MgO { 042 | 1.09 { 1.03 | 1.27 | 0.78 | 0.25 | 0.16 | 1.21 | 1.25 | 1.88 | 1.76

CaO | 1.73 | 1.35 | 3.69 | 1.52 | 2652 |1 220 | 294 | 0.85 | 1.12 | 418 | 4.12

SrO n.d 0.11 n.d 0.06 n.d 0.18 n.d 0.06 n.d 0.04 n.d

BaO | nd | 0.03 | nd | 005 ] nd | 0.05 ] nd |} 002 | nd | 002 | nd

Na20 | 144 | 253 | 042 | 225 | 0.99 | 3.09 | 3.16 | 1.28 | 0.92 | 0.34 | 0.51

K20 | 478 | 3.83 | 1.21 | 2.09 | 221 | 1.07 | 1.89 | 403 | 3.97 | 0.93 | 1.22

H2O | 11.30 | 12.94 | 19.81 | 11.85 | 12,52 | 10.66 | 6.56 | 10.11 | 18.67 | 18.68 | 27.00

Tatal {100.01]100.57(100.00( 99.78 | 99.98 |100.04|100.00{ 98.53 {100.00{ 96.31 | 100.00
* EPMA analyses: H20 was calculated by difference.
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Fig 6. Quantitative XRD analysis for the Yeongil zeolite determined by the Rietveld
method.
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Table 3. Properties and uses of commercial zeolites: Modified from Harben (1999).

Pore Composition Sorption
Zeolite | size Si/ AlpC‘ ation capacity(wt%) Selected End Uses
A ’ H20 nCsHi4 CeHi2

Large Pore(maximum 7.54)

Drying acid gas: removal of H2S: nuclear waste
Mordenite | 6X7 | 56 [NaCa| 14| 4 | 4.5 |treatment: pet litter and odor control: municipal
waste treatment

Catalytic cracking(FCC) and hydrocracking:
selective catalytic reduction of NO and NO2: CO2
removal: air and N2 separation; drying refrigerants,
natural gas, air

Zeolite X | 7.4 | 1-15] Na |28 |14.5|16.6

Medium Pore(maximum 6.34)

Ferrierite |5.5%4.8] 5-10 | K.Mg| 10 2 1 |Dewaxing

Dewaxing: benzene alkylation: xylene isomerization;
ZSM-5 6 [10-500] H 4 | 12 6 [FCC; selective catalytic cracking; synfuel production
{methanol to gasoline): ethylbenzene synthesis

Small Pore(maximum 4.34)

Chabazite 4 4 Ca [15 7 1 |Radioactive waste treatment; catalyst

e - Municipal waste and nuclear waste
Clinoptilolite| 45 6 N 10 2 0 treatment: paper filler: animal feed additive

Fronite 4 4 “~N* | 9 o 0 stnzlfglve catalytic cracking: metal removal from
Phillipsite 3 2 K.Ca | 15 1 0 |Metal removal from water
Detergent builder: drying natural gas, air, and
Zeolite A 4 1 Na | 13| 13 1 |refrigerents: removing CO2 from air: concentrating

alcohols; N2 production from air

*N*: cation variable but usually Na, K, Ca
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Zeolite
Ore

I
« XRD Quantitative Phase Analysis(QPA)

GRADE « Thermogravimetric Analysis(TGA)
« Chemical Analysis (H20 contents, Si/Al ratio)

« Bulk XRD analysis (whole-rock mineralogy)

« XRF analysis (major and trace element chemistry)

+ CEC determination by ammonium acetate method

+ Exchangeable cation determination(Zeolite surface chemistry)

CHARACTERIZATION | - Differential thermal analysis (dehydroxylation behaviour, quantitative
mineralogy)

* Scanning electron microscopy (morphology & Zeolite)

« Adsorption experiments (heavy metals, hydrocarbons, oxygen &
nitrogen)

Natulral Na-activated
Zeolite Zeolite

» Zeolite type identification by XRD analysis

« Determination of CEC and major exchangeable cation
« Determination of Fe contents and impurities

« Adbsorption property and behavior

» Themnal behavior and stability

QUALITY

Fig 7. A proposed scheme for laboratory assesment of natural zeolites.
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