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Abstract

The eight represantative samples of z2olitzs or silicatzs obtained from eastern coastal area of
"Kyungnook were analyzzd by means of chemical wet method, DTA and X-ray diffraction. As
~the result, it was rscogaized that the primary species of zeolite was known to bz clinoptilolite

mixsd with quartz and feldspar. Very seldom heulanditss or mordenitss were also found.
" Montmorillonite, kaolinite, and illits were also known as components of silicatss. And the
<samples treated with HCl or NaOH solution were activated to bs the adsorbant for the adsorption
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of vapors of H,0, C;H;OH and C¢H, through Diamond Kinter method. The adsorption capacities.
of these minerals against CO and CO, gas under 1 atm 25°C were also measured by modified
B.E.T. method. And the comparisons between the measured adsorption capacities of natural
zeolites and Linde mclecular sieve were made. The natural zeolites prepared by the acid-base
consecutive treatment exhibited to be good adsorbent for H,0, C;H,0H, CgH, and other gases.
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Table 1. Selected natural zeolites and their colors

333

Sample Serial No. of mine Location of mine [ Color
D-130 Daebo, 130 Samjungri, Kuryongpo, Y* { dark green

G-31 Gampo, 31 Yongdongri, Yangbook, W vellowish white
G-41 Gampo, 41 Honggaedong, Yangbook, W ! dark grey

K-111 Kuryongpo, 111 Maeamsan, Kuryongpo, Y ' white

K-136 Kuryongpo, 136 Yeongamri, Chiheng, Y J yellow/pale brown
Y-11 Yeongil, 11 Seokong, Donghae, Y i light green

Y-26 Yeongil, 26 Pyeungdong, Chiheng, Y grey

Y-37 Yeongil, 37 Samsuri, Chiheng, Y r yellowish white

*Y : Yeongilgoon W : Wuelsunggoon
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Table 2. The chemical compositions and mineral types of zeolites(%)

Sample | Ignition loss 810z ALO, | CaCO; | sy/Al X-ray dif.
D-130 11.5 65.7 23.7 2.3 2.4 c.*
G-31 6.8 63.3 29.5 0.4 1.8 cf
G-41 19.5 48.8 19.4 2.0 2.0 Mo.
K-111 | 12.3 62.4 19.0 3.3 ' 2.7 c.f
K-136 12.2 2.1 24.5 3.3 ; 2.2 cf.
Y-11 18.7 57.1 17.0 2.7 | 2.9 c.
Y-26 11.9 47.3 16. 4 L7 | 2.5 c.Mo.
Y-37 16.5 63.3 25.5 0.2 j 2.1 c.

*¢ ¢ clinoptilolite, f : feldspar,
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Mo : montmorillonite
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X-ray diffractograms of natural zeolites
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i LBaye® & = LG §iEe Natsh
Silica & #%#7} Ca?*¢} Alumina 2 %4 B
A A Btel e HIZ Relrt gl Roxm o

o] g}zke] HUEHEC]

EME_ é\

HWAHAK KONGHAK Vol. 17, No 5, October 1979



336 SIRER - BRTIE - BEE - &BE

Yz

E ndotherm

0 100 200 300 400 500 600
Temperature("C)

Fig. 2. Thermograms of natural zeolites.
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AHLE BRI 2ela #BEY e =4
300°CH-Zell 4 = e ol e Ioles s
¢ peak 7} 471 A4¢ BRIAZ X-miE
Y% ZsF 300°C -2l 4 “Heulandite Bzl
AMEE BER EBHYSS BRI o9k
e AAR v R E W Yy Gu & 300°C
HZollA EotEE Y peak 7t vehiz &
Stk B4l Heulandite 9] @S &K T
AA gk sk, Fig. 29 D.T.A gge
B~ band maxima 7} 300°C &2 A Vet 9]
& BojErl, Tsitsishvili & #4494 2=
K# Clinoptilolite ] Thermogram ¢ Maxima.
= e REY Beld fd wlel 140°CelA
300°C Ll E7tb= #@stAl 2 o < glch

Fig. 3¢ F¢]x Thermogram 62X & [§
—3&t Zeolite e}z 3}ojelx EE| ffng o] &
9] fEel =g} peak ¢ HEES: maximum 9] fi7
Bl 83t 21 & %RT 5 Ak peak maxima
£ 260°C gk 300°C A}e] ol A H*<Na*<(Cu?*<
N#*<Fe**9] Jige] glom o] AL o] &4 polariz-
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Fig. 8. Thermograms of zeolites(K;;;) treated by
different cations
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Table 3. Adsorption capacity (g/100g) of zeolite for water at 25°C(23.8 mmHg)

D Sample No.

\ Dizo Ga Ga Km Kz Yu Yz Y
Treated soln.
None — 4.1 — 5.0 — 6.1 6.9 —
NaOH 0.5N 5.6 4.5 4.7 57 5.9 6.8 5.0 7.2
NaOH 1N 6.1 3.8 4.8 4.2 4.7 6.6 4.4 6.3
NaOH 5N 2.9 2.3 6.5 4.4 6.1 7.2 4.2 6.1
NaOH 12.5N 19.7 14.9 6.6 22.0 11.0 20.2 13.2 21. 4
HCI 0.5N 4.8 4.0 7.1 5.5 | 5.7 6.3 5.6 5.7
HCI 1N 5.2 4.5 6.1 5.0 5.6 6.3 5.0 5.8
HCl 2N 5.7 6.6 6.7 5.8 5.9 6.5 5.5 6.0
HCI 5N 7.5 5.9 6.0 7.4 6.4 8.5 7.3 7.6
0. 5N NaOH-HC1 11.0 7.8 10.2 12.6 12.0 18.6 9.4 9.4
0.5N HCI-NaOH 19.7 13.6 14.7 15.5 1.5 22.8 14.5 22.7

ZA RESEE & F Uk webd KR FE
5= Clinoptilolite 2] 73—?- Na“—ﬂ‘»:l}- Ca?* =
E Fe¥'po] FEEZ o2 A5dl wlel £49 =
E7} vbelAl =ch p°ak—4 sharpness o2
H#E RSGED BEGRIS 100°C FEAA el
SuS4Y A oS 2%k

olgdAl £ w & WA fFHEm HEe AT
ol =% B—F o2 FESH 4 BEH
Qe o g Ak 2 FellA JLEEM Zeolite =
<Clinoptilolite 7} Fo}= Quartz ¢} Feldspar £

Bo] @}, 2Elx I H Zeolite 94} Clinop-
tilolite ¢] ® Montmorillonite 8] &&o°] B&<&

£ o oolv) ad HE HigsihdlA 4AmEE
.Zeohte&]- KEHiAS] AL Feldspar ¢} Quartz
<] &&°] =& Clinoptilolite &) $l v},

2. B &

Table 3 ¢} Zeolite ¢ &8t KHRERS] £R
o] ol Table 84 HK Zeolite & KIORE
B3 s 2 A Y, K Kis Dise & %
+3 BEHS Vel 2 ek B Fmie] B
Ze19¢) &gl Molecular Sieve 5A 7} 23% 7K
FREES T 9eE HET 0 ok ol
AL o7 Q& FEB B Table 89 21.41%
o} ¥t gtel A, o] #-& K Zeolite 1 Diso,
Kin Y Yy %€ 0.5N HCI-NaOH 2 ol &3]
2] & Rk KH®EE (Table 3) 19~23%5t ¥

28 7td& & 4 gk 0.5NNaOH ¢} 0.5N
HCl 34 & 7%% BEEET R ms—g%

@*7} 2 &k ‘@bu%%ﬂ rv}@‘r Eﬁf
BRL A A8AA 5N A &= alkali uc}
HFSHA velykel e 12.5 N8 NaOH &%
Toz ERIE A H9 o= Afuct dA
T g v hﬂ“r/‘r o] A-& miEE S alkali
e 2 Blvh, Fig. 4] 435
NaOH %77 Ry @E2 o] =2l Clinoptilo-
lite Fo] -g3| 5 o] X-ray peak 7} 55513 & %
T oo, 5NoA #ibFEd Serk dojd
<+ *-“ﬂv% 19 5NelA skAs g g0l
AgE ¢ Alr/} HCH BESLE 94
g oot
laOH ¢ fbe} 553 sdo]l= 5-N 7t ﬂimﬁ i
EEEE 928 ¢ 4 drk o #HRy alkali
o BEEmMIT RERS BMAIT Y A4
s 7 =%t glrk o] AL EmEd 29 F
g7 ¥hi4-E 7.5 N NaOH & o 8 24 A 7} [Z
Este] 1009 A # Zeolite 2 #iEA 7 R
frApekela gl el
alcohol BEE 94 XHREES ELZ A
g Vel Qe —ffy e B EEMRL £
AER AT VL ¢ 4 g (Table 4).
B 2] BES Eel v} alkali gZ¥Est RAEEC

Z 8BE F1 Eihx d&& £ alkali=
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Fig. 4. X-ray diffractograms of zeolites(Kin) treated by NaCH and HC] solution at various
concentration
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Table 4. Adsorption capacity of zeolites for C.H;OH at 20°C(g/100 g)

~—— Sample No. Diso Ga Ga K Kiss Yu Y Yar
Treated soln ~~—_
None — — - 6.8 — 7.5 — —
NaOH 0.5N 7.4 4.8 5.6 6.4 6.8 7.7 5.1 8.2
NaOH 1IN 51 3.8 5.3 4.7 3.9 8.0 4.9 7.1
NaOH 2N 4.8 2.9 5.1 5.0 £.6 7.3 3.6 6.0
NaOH 5N 6.4 2.6 5.7 5.7 3.5 6.0 4.6 7.4
NaOH 12.5N 8.6 6.3 7.5 13.6 5.4 13.0 4.2 14.8
HCIl 0.5N 7.2 4.6 12.0 5.5 6.4 7.9 6.4 7.1
HCI 1IN 7.1 4.9 11.1 5.1 5.9 8.2 5.5 8.3
HCI 2N 7.8 10.3 4.2 5.6 5.9 8.3 5.8 8.8
HCI 5N 8.1 5.1 8.5 5.3 6.8 9.0 6.9 8.0
0.5 N NaOH-HCi 6.3 6.8 7.1 9.1 6.6 10.0 4.6 9.1
0.5N HCI-NaOH 13.4 7.6 9.1 10. 4 6.0 13.7 7.5 14.5

BEENGT REES o818 BAAZA Bel
& BHAel & kS &4 FFEHA fERSt
oltk, 28] Bentonite %o} MR fEEE Zeo-
lite %7t ed vt A4 248 alcohol BES X
ool FIEMILA A B}t SFFEEANA o] Fo
AL &g salsta glvh Bl BEERY Lol
%= Bentonite(Gu) 7t EEEEC &3t BEN
o] =l givte A4l Zeolite 7} EREEE
it &4 @\ EAY e A4 S REEEL
7} £FERe 914 #aiEt. 0.5 N HCI-NaOH
BREET Aol 94 T RENT et
welew Yy, Y, Diso-& Molecular Sieve 5 A

Brb 3 BOE 1S vebi gk

Table 5 2] benzene WEE-L benzene 90 mm
Hg TelA e mESS AH HESY HEk
(wt%) 2 ebd Zelch, o] Rl o5
ol v} alkali @EE7F WMEES WFHTA Xtz
UAHE ok 2 FlAE BREY B == &
R o & FEEMA ] 23 JElnvd
ek |5 Fz=elal |4 12.5N NaOH &
o o 2 PEEE hydrogel process & 73-9- & ] &
EBmE B Fodeh o] & alkali B B E
MRS Al 2o} S 2otz H,0 4 CHOH
o 7o we]l & #ZRE Jeb g &ES

Table 5. Adsorption capacity of zeolites for benzene at 20°C(g/100 &)

Sample No.

\ Dizx ‘ Ga l Ga ‘ K Kiss Yu Yoas Yar
Treated soln
None 3.7 - 2.4 3.7 — 3.5 2.5 5.5
NaOH 0.5N 3.2 2.4 1.6 3.2 2.3 3.5 2.5 3.2
NaOH 1N 3.0 3.1 1.4 3.3 2.6 3.4 3.3 6.1
NaOH 2N 5.0 3.1 2.3 3.5 3.1 3.4 2.7 6.3
NaOH 5N 4.7 3.3 2.8 3.6 3.3 4.5 2.7 8.1
NaOH 12.5N 8.9 6.5 2.8 9.5 —_ 9.4 4.3 10.9
HCI 0.5N 3.7 3.9 4.4 3.6 3.3 4.3 4.9 4.1
HClI 1IN 3.4 3.2 3.0 3.2 3.2 3.7 3.0 3.9
HCI 2N 3.9 4.5 3.1 4.4 3.0 3.8 2.9 3.8
HCl 5N 3.2 3.1 3.2 3.6 3.5 3.2 3.0 3.6
0. 5N NaOH-HCI 5.6 3.9 3.9 3.2 2.8 4.6 3.6 6.9
0. 5N HC1-NaOH 5.7 3.7 2.7 5.4 4.4 6.0 3.7 55
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Table 6. Adsorption capacity of zeolites for CO; at 20°C(g/100 g)
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Table 7. Adsorption capacity of zeolites for CO at 20°C(g/100 g)

Sample No.

\ Diso Ga Ga Kin Kiss Yn Yz Yar

~ Treated soln
None 1.7 1.3 0.1 1.6 1.0 1.2 1.2 0.8
NaOH 0.5N 1.8 2.3 0.3 2.2 1.9 1.8 0.8 2.1
NaOH 1N 0.9 1.5 0.1 2.2 2.0 1.5 1.3 1.7
NaOH 2N 0.4 1.1 0.2 1.3 1.1 0.3 0.2 0.6
NaOH 5N 0.5 0.1 0.1 0.4 0.2 0.4 0.2 0.2
NaOH 12.5N 0.1 0.1 0.2 0.1 0.1 0.2 0.1 0.3
HCl 0.5N 0.9 [ 1.2 0.1 1.5 1.1 1.0 0.8 0.9
HCl 1N 0.7 | 14 0.2 1.4 1.3 0.7 0.6 1.0
HCl 2N 0.5 i 0.3 1.1 1.0 1.3 0.6 0.6 0.9
HCl 5N 0.3 | 0.8 0.2 0.7 0.9 0.3 0.2 0.5
0.5 N NaOH-HCI 1.6 1.3 0.2 1.8 1.1 1.5 1.4 0.9
0.5N HCI-NaOH 1.9 2.0 0.2 2.2 1.7 1.7 1.3 1.8

Table 8. Adsorption capacity of molecuar sieves
at 20°C(g/100 g)

kSample‘ H:0 |czH50H[Benzene[ co | CO:

5A 21.41 | 12.22 5.37 2.47 | 14.3
13-X 46.52 | 17.57 6.52 2.37| 20.6
SK-20 | 22.34 | 18.83 0.85 3.43 ] 21.3
SK-40 | 25,26 | 18.86

13.90 1.97 1 24.3

BES 18] B E HAE KR Zeolite ¢
CO, BREEHIA NaOHo HCl EEgpsst
0.25N ¢ = FA REMOIm/g)E 442
3N Lkl A 5438 wAste A& @A 9
sk, ol WAMREE RESTE =71
v H4& CO fa8e] WERd = B
EF %-*r% R ol %7*‘%1 %01 —2-—1
12.5N NaOH el A-S #E] 3%
(Table 7).

CO Ragoll 23t BEDRE

Birste] ffs) EEELS 7% @Aslth Zeolite
o HEE BMEE dorE BEEY AS COx
o GFast e COE d48 WAE 2A
Hrh 0.5-1N k9 HigEE Silicate FHiol
= & ZRE e xak Eifo] 2 g BHR
ThEe A s EEEY HSu Flit o
& Aol §r] wFeleh 0.5N NaOHs} 0.5N
HCl & B (RS #5RE HEst & = e
2ffe] Na*¢ A7 H ¢ Aone HFFF
& ¢ g Uk dR=l o] AR ALiEs B
Bfel o1& Ao ® mo|w] Na*sel H* o o2z
7l KFnHe] RS 8Qle] s Aoz
°1DP Table 8 | A zife] 744 & Ao

] SK-40 ¢] benzene IRFE CO BEES
i’ﬁ?‘sﬂ 2 42 ol BRE B Uk A
Zeie] 2 Z¢] benzene o] Aol = AFILE
fro]l s gA=k CO = HHRE MG
o}, o] AL 12.5N NaOH #yge s BEst

Table 9. C.E.C, Al;0s, and Si0:% of natural zeolites treated by acid and alkali solutions

HCI ’ NaOH
Solutions Treated(N) i
o.5j10|20{ oj05|1.oizo]5.oj12.5
CEC. (meq/100g) | 40.3 | 256 | 212 | 20.1 | 3.7 | 645 | 69.3 |169.3 | 202.0
AL:0:% | 221 | 154 | 143 | 125 | 215 ! 2.9 | 25.3 | 29.5 | 35.8
Si0,% | 55.8 [ 66.4 | 67. [ 68.7 | 59.5 | 58.9 | 57.9 } 51.7 | 42.5
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Fig. 5. Amount of adsorption of water by the cation saturated zeolites at various vapor pressure
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