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In the our country. especially in Yeongil and Wolsung arca, abundant authigenic zeolites arc found
from the tuffaceous sediments and volcanic rocks of Miocene age showing wide variation in their
mineralogy and abundance from horizon to horizon. The principal zeolite species identified are clinopti-
lolite. mordenite. heulandite, ferrierite. and erionite, etc.

Zeolite minerals are widely used in many countries in the following applications; @ in air separation
adsorption processes: ® as desiccants; © in inorganic building materials: @ in papermaking: (© in
fertilizers: (@ as soilconditioners-this application is based upon the ability of the zeolite to ion exchange
with soil nutrients: @ in the treatment of radioactive wastes: and @ as adsorbents for toxic gases.
ete.

In the present paper. using natural zeolite mordenite treated with IN hydrochloric acid or IN sodium
chloride solution as column packings. separation characteristics of argon. nitrogen. carbon monoxide.
and methane gases have been studied by gas chromatography.

By the use of mordenite treated with hydrochloric acid solution. the tailing peak of methane showed
from untreated mordenite was satisfactorily reduced. although it was difficult to separate it from carbon
monoxide with a column activated at 300C. Using a column activated at 350C. methane could be
separated from carbon monoxide easily but only carbon monoxide cluted as a bad defined peak.

Mordenite treated with sodium chloride solution was generally similar to chromatograms obtained
by using the untreated mordenite.

Both the above chemical treatments of mordenite had little effect on the separations of argon and
nitrogen.

The separations and the HETP values obtained from natural zeolite mordenite treated with continuou-
sly hydrochloric acid and sodium chloride solutions were almost identical with those obtained with
synthetic molecular sieve SA zeolite. On the other hand. the efficiency of column was good in the
range 20~30ml/min of the carrier helium gas rate.

Keywords ; Zeolite Mordenite, Gas Chromatography. Chemical Treatment. Separation C haracteris-
tics, Resolution
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Fig 1. Schematic diagram of gas chromatographic
apparatus.
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Table 1. Chemical compositions of natural zeolite”

Componems 8102 A1203 Fe:O; CaO K:O

MgO Na,O0 MnO TiO. H.0(+) H.O(-)

Wt. Per Cent | 6626 1340 145 121 254

133 320 Tr. Tr. 7.12 4.67

* Founded in the tertiary tuffaceous rocks in Yeongil and Wolsung area. etc.
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Fig 2. X-ray diffraction pattern
of natural zeolite.
M : Mordenite. Q:a-Quartz. F: Feldspar
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Fig 3. DTA-TGA curves of natural zcolite.
Reference : a-Alumina
Rate of heating: 10C. min
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Fig 4. Chromatogram of mixed gases for natural
mordenite.
Column temp. : 25C
Activated temp. of sample : 300C
A Argon, B:Nitrogen, C: Methane.
D : Carbon monoxide.

Time, min

Fig 5. Chromatogram of mixed gases for natural
mordenite.
Column temp. : 50C
Activated temp. of sample : 350C
A : Argon. B: Nitrogen, C: Methane.
D : Carbon monoxide.
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Fig 6. Chromatogram of mixed gases for natural
mordenite.
Column temp. : 30C
Activated temp. of sample : 250C
A Argon, B:Nitrogen, C: Methane.
D : Carbon monoxide.

Time, min

Fig 7. Chromatogram of mixed gases for natural
mordenite.
Column temp. : 45C
Activated temp. of sample : 250C
A : Argon. B: Nitrogen, C : Methane.
D : Carbon monoxide.
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Table 2. Retention time of various gases for chemical treatment on natural mordenite

Chem. treat. | Act. temp. Water Retention time, min
Samples of sample of satmple. content, Argon Nitrogen Methane Carbon_
j& % monoxide
Original 200 3.7 1.18 274 6.67 935
200 34 1.06 1.64 5.58 520
Treated 250 23 1.21 217 7.32 801
Natural IN HCI 300 1.5 1.32 241 743 8.39
mordemite 350 1.0 1.28 273 872 L,
200 38 1.20 2.89 6.78 10.11
Treated 250 24 125 302 671 1132
IN NaCl ) ' - o ) o
300 1.3 173 5.69 L, 25.36
150 53 0.80 1.05 312 264
Treated 200 39 1.08 220 5.70 6.72
IN-HCL 250 7.3 1.57 Z4< ;).92 1743(;
IN NaCl - N o . ’
300 1.2 1.76 542 12.23 24.05
Synthetic | ) 4 oinal 300 - 124 523 736 3508
ZSM-5A

The symbol L; signifies the impossible measurcment due to the long tailing curve. iec.
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Fig 9. Changes in adsorption heat of argon by chemical
treatment of sample.
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Fig 10. Changes in adsorption heat of carbon monoxide
by chemical treatment of sample.
Original( X). Treated with HCI(O), Treated with
NuaCl(A), Treated with HC! * NaCl(@)
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Table 3. Resolutions of various gases for chemical treatment on natural mordenite
Chem. treat. | Act. temp. Resolutions, o
Samples of sample | of sample, OAir Argon- Nitrogen- Ié[etg:ane-
. xygen ooe arbon
. C (Nltrogen) Nitrogen Methane monoxide
Original 200 4.52 435 527 1.19
Treated
200 - 3.64 228 0.87
NaCl
Natural
mordenite Treated 150 - 1.18 3200 121"
reate
HCLNaCl 200 438 379 5.18 0.68
a 250 7.57 745 5.89 307
300 8.50 8.79 8.02 3.35
Synthetic
ynthete Original 300 951 9.51 306 12,14
ZMS-5A
Air volume : 0.05m¢, Gas volume : 0.025m¢(each gas). Column temp : 30C
The symbol a and b indicate the separation of N:-CO and CO-CH,. respectively.
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Fig 12. Relation between HETP values vs flow rate of
carrier gas for argon.
Column temp. :30C
Gas volume : 0.025m¢ argon
Treated NaCl(activated at 200C)(A)
Treated HCI - NaCl(activated at 300C) (@)
Umreated(actlvqted ZSM-5A at 3000) ()
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Table 4. Column efficiency for HETP values of various gases

Chem. treat. | Act. temp. HETP values, mm
S les f sample f \ Carb
amples of sampie © silmple Argon Nitrogen Methane ar Or?
C monoxide
Original 200 305 231 16.04 143
T ’
reated 200 6.33 346 5875 176
NaCl
Natural
. 150 532 394 7.60 297
mordenite
Treated 200 342 211 8.39 1.60
HCI + NaCl 250 202 1.64 7.65 1.23
300 2.14 1.25 9.10 1.02
Synthetic
yniiete Original 300 233 1.45 1.43 158
ZSM-5A
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Fig 13. Relation between HETP values vs flow rate of
carrier gas for nitrogen.
Column temp.: 30C
Gas volume : 0.025m¢ nitrogen
Treated NaCl(activated at 200C)(A)
Treated HCT - NaCl(activated at 300C) (@)
Untreated(activated ZSM-5A at 300C)([2)
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