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Abstract: X-ray diffraction analysis, X-ray fluorescence analysis, thermal differential and thermos gravimetric
analysis, cation exchange capacity analysis, and Cesium (Cs), Strontium (Sr) adsorption experiments were
performed to investigate the physical and chemical properties of natural zeolite from Guryongpo in Korea.
As a result of X-ray diffraction analysis, minerals such as mordenite, heulandite, clinoptilolite, and illite
are contained, and as a result of X-ray fluorescence analysis, elements such as SiO,, Al,O;, CaO, K,O,
MgO, Fe,0; and Na,O are contained, and the cation exchange capacity was 148.6 meq/100 g. As a result
of thermal differential and thermos gravimetric analysis, it was confirmed that the thermal stability was
excellent up to 600 C. As a result of the adsorption equilibrium experiment over time, the equilibrium was
reached within 30 min. for Cesium (Cs) and within 8 hr. for Strontium (Sr), and the adsorption rates of
Cesium (Cs) and Strontium (Sr) were 80% and 18%, respectively. As a result of the single-component
isothermal adsorption experiment, in conformed to the Langmuir model, and the maximum Cesium (Cs)
adsorption amount was 131.5 mg/g, which was high, while the Strontium (Sr) maximum adsorption
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amount was 29.5 mg/g, which was low. In the case of the natural zeolite used in this study, the content of
minerals including 8-rings such as clinoptilolite, heulandite, and mordenite is high, showing high selectivity

for Cesium (Cs).
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20221 71E, AAIAIA o2 A2k W e A A
Z oluA] AAFe] 11%E AL 2 (Alam et
al., 2019; Kim et al., 2022) < FHAT & &
Fsro 24 Yo HAoUR| 2 EREA = Uc
SR A e AR o] 83y H o 7]%] ke
HRAANL Al WS AP E 71E9] A 2EA7F A
221 T4l e] dide] FaL Qi) diE SFAIF LA
ARLe] 739 &5 40d ot FFA|u} A E Btshe
o] 352 ~81x%e] Hl&o] 20E AoE FAHHH
AIBE, o4, 2023) YA AR QIS EE WAL
AH)71E2 sllFE Bl HA Ut 2736l & FsiE
A 2 Fo)7] wjEel A AAH EAZS doyy
thE B4, A4, 2011). *Cs, VCs, P, *Sr 59

2 HoA S Bl SR e <l

2 = A (A, 2023), 7Cse} *Sre] 7

"7 ZH2E 30.23d 3 28.9d 0.2 o] x5

ol F3E FEAZ = JTHKumar et al., 2021; Yang

et al., 2021). o]°ll X173 A, I 8& AH 715 o]
AlFe A oth(Kim et al., 2022).

WA H o 2 HE] ME(Cs)t 2EER(SNS &
Aoz Ry fIgt 71 ke A AAH SR X
Q1 #Ale] thde] Ho| o, s1ek A, &
A2y, ulFE, LElehE, 3, olewehy 5
theFat Wi o] s 3 9l o™ (Kim er al., 2020), ©]
% A AL ES o83 o] 2w 3L F E4
9 sakA kA, WA, T2 YA, AEe v
T AR oR Qe AA| WAV H =] Aol 7t
2 E3129] Wb o 2 W77 JthKim ef al., 2016;
Lee et al., 2017). ool AT EE Cs3} *Sr WA}
AH71E Arde] SAE AR, frEEHe W
AV EREA 2ES FF AlASHE A8A A7 &
WA X8 = 3 JA71= SH(Kim ef al., 2014).

Al &efo| Ex= 2hA 7ol AFAA R vl 9 4 3
AT GRS 2k T2E YAshe EEEA, o
T2 5AE vgste] 43848 T =AAolE
213l 31 K, Na®| 928 553 Ca 59 ¢28 E

%2 N

%, 283 & A AY5E Tstal Atk(Yoon et
al., 2020; Jimenez-Reyes ef al., 2021). & #|Lg}o]
Es AgACA Y g8 B8l 94 AlLeto|E
PP AAolA Algeto|E] AAS) vEgo] 113
= AA Aol Ert AR T2 shtelA &
2% 3P dgAolE e &g ¢Fn)
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Al g vhgo] dojutar, EA siitfol| A Al|&eto]
EVL AREH A5, €7 2 vigtE § ojd E9
od Edo] =&H A=A ol wEt A&l Ee] TR,
3 gy 2 E3E 529 TR gERit (A2
2005). g AlZee|Eof Hla] HA Al Zefo|Ex 4
F o= A 7HA 3 118734 0= Qlal H4
Az, 2=& 71 A|A, BAPE 7 EolA A £
AA T3 7o) ThFs ZofellA I AlZete] EL of
oro 2 B AL Wy Utk(Kim et al., 2014). =
AA AgeolEx AAHE o, A, A3EE 9
A5t Aol v wA FHSA HHES A37] A
qA F2 LA dA7EA] 13 T Ao ETL
SRIFAT. 53] xS} LAl i A=
AR 3, FE FREY F9E At 94 M=ol
7Fs% 14 A L&eto| EX Ru|Uo] E (mordenite), &
YT}o] E (heulandite), 2255 2 Z2Ho] E(clinoptilolite),
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A AA A Lol Ew TR0 SEFEREolE
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SEPO|E L] Yol whso| ThE A YL Al&eto|E
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S7FsAdo] wlg- =oial & 4= Jth(Kim ef al., 2014).
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10.8 pm YERSTE

HE2lo|EL| =4 55

X-A A XRD) £4: 1A ASTolE A 82
Rigaku(Japan) Ultima-IV X-4 32 F2]& o] &3}
2418 S35 4] 248 Cu Ka(1.54 A), 35 KV,
20 mA, FAF $ = 5°/min, 28] AFO] Z(step size) =
0.05°0]3 X-A 314 48 538l 942 I dHe
PCPDF WIN AZE¢|o] T2 788 AL&-3lo] 21
% (peak table)yS ERIFATE. o] Fol] XRDe] HH<S
ol- &3l Agol FHiE AgTolES] FFH} FHLS
BA3HATHKim ef al., 2014).

XA FFXRF) £4: A4 AST)E A5 &
TE 94 2 o]59 S B457] 915t Rigaku
(Japan) 8]AFe] 24l ZSX Primus 15 ©]-&3Fe] £
slom BAo Bul A| g2 qrEsle] A|HS A2k
% 7143 60 kV, 50 mA Z7&H)A Rh EFAS A}
B3] XS 2ARE & AIE 2N WUEEE 949
EA oUAIZ zhe P XA1E S sko] B8k
(Kim et al., 2014).

GAZHDTA) € SFFH(TGA) £4: G A 2L &
% 12498 Rigaku(Japan) 2] =9 TG-12805 ©|&
slaich A A&l E AR oF 15 mgs 371 #9171
3l 10 C/mine] £5=2 204 2k 600 T7HA 2]
25 WK A1gE] 8498 EItHKim et al,
2014).

%ol #35 ZH(CEC): U0l ushs 242t}
o3 o] dEFo R AX P& AR ALl
EANEE o835l A A Ao 7 =439,
0.9 N NH,(C,H;0,)¢} 0.1 N NH,Clo] &3+d g o]
NH,OH ¥ HCI o]8-3t pH7}t 7.082 28€ 1 N
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22315 A o8] ARE X 3HAF-golo] kS
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STHKim et al., 2014; Lee et al., 2017).
T-N(%) = (T-B) x N x £ x 14 x 1/1000(ml)
X 1/W x 100 )

o714, T 2 BE 57 €9 9 Blank] A4 &
2 ok 2Fg N S Ve N, 22 W 22
SPak el RAYX], 4t TN 9] normality, 22| 322
A gefolE Al5e] FAE YEPATHKIm et al., 2014).
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Be] HA Ao E A8 0.1
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2477k E<F 100 rpme] e F2 HPel| =23 uf
7R &2t kg8 S=3SIATHKim ef al., 2014). CsNO,
42 Sr(NO,), &2] pHE= HI 9124 =2 pH meter=
=43s9om %7] CsNO; 2 Sr(NO;), 2] pH=
°F 5~pH= 65 LERITE Al7F #ste] mE Al (Cs)
H 2EEF(S) 029 A wske A Altek
(IH3- A1 - 302, 1A17E, 2413, 42178, 817, 12407F
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et al., 2014).
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Cellulose Nitrate Membrane Filter)S ©|-835}>] oj=}s}
Ak M (Cs) B 2EE5(Sr)9 s=& zH7} ICP-
MS(Agilent-7800)2} ICP-OES(Agilent-5110)2- ©]-&-3}
of g &of] EAISh= AlE(Cs) B SEEF (S0 =
A3 THKim ef al., 2014). A 4(Cs) @ REEF
Sr)2l (@2 271FEE C 7, 39 F9o 555

C= Aol F oh 4 ()2 ol8sje] Asar.
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Fig. 1. X-ray diffraction patterns of natural zeolite (C: Clinopti-
lolite, H: Heulandite, M: Mordenite, I: Illite).

q.= (C-C*VIM ) Q.= [Qy-bC.J/[1 +bC,] “

o714, q= B oMY ¢ T 2= 3 714, qi= HFdENA 9] 2 (me/e), Q= &

o] A (mglp), Cie FF 27] ¥E(mg/l), CE ¥ A9 A F4F(mglp), Cae FFFENA ) 58

Y 5 gd T A HY TE(mgl), Ve £ A ] F%(mg/L), 283 be Langmuir A4 (L/mg)
o] B3(L), 28 M F&A| o (g)o]tHKim o]t}

TEgh, A Algeto|E AlF thgk AlE(Cs) 3 =
EEF(Sn 2 As 9 FHdl F2EE golr] §
3 Langmuir =93} Freundlich Zdlol] -&3lo] 7}
SF3At. Freundlich &3 5-221¢] 788 ol ok 2ot
Edde FHAA O F2to] dojubm FARAtE Rt}
e g9 E 7AW, 2P (adsorbate) 7+ F S AHE-
o] EAlgt}.

qe = KFCen (3)

A7, a5 C= 27t B AEele] S3t ek mee)
2 #HY s mg/L)S 9r)shH, K& n& Freundlich
AF2=(Limg)o tH(Kim ef al., 2014).

Langmuir 5252212 2 7] 7HE& Zk=t

o
H
2} ahe el ¥} Folch. @Y BRdw F2a 5
[} 3

oiT 27

T M2S20|ES| 22 S H(I

2 A5 79 FEo|FEZEolE, FUTI|E B
Ul ET} 742} 28.4%, 29.0% 2 7.6%2] H]&E
EAE10 L, Yol ET} 35.1%8 B o] FhrE| o]
UNTHTable 1). o] A= o] 28 P AHF A
of|A AFH g MAA S| EL] EA #A AF} H|szgh
BEE HAFA Qo AjA o g deto|E9] Faf
o] B2 A& & F AUATH(Battsetseg ef al., 2022).

XA SHZ(XRF) 24

AN Al g EE sl it 1 TS B
A} Sio ALOS] Fregol 7} 72.85 2 15.03 wt%S3i
o1, K,0, Na,0, CaO, MgO 2 Fe,0,0] 2}7} 3.25,
297,230, 0.98 & 1.76 wi%= £3] K,07} A YE}
il 5 SIS 4 AATH(Table 2).

Table 1. Results of the semi-quantitative mineralogical analysis with PCPDF WIN software

Mineral (%)
Clinoptilolite Heulandite Mordenite Illite
28.4 29.0 7.6

Quartz
35.1 -
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Table 2. XRF result of natural zeolite
Element (%)
- Total
SiO, AlLO, K,0 Na,0 Ca0O MgO Fe, 0,
72.85 15.03 325 297 2.30 0.98 1.76 99.14
HUAFHDTA) X LEZHTGA) 244 ZolE B FHUTIO|ETL T B AR Yol
By A3 olgle] & ol WE ALTOlE S 1486 ¢m0gjzwa%q<wWﬂ%m
W RS g R A o, U5 2we] MEAS  AYRE £Y 8 AFAGNN AAT AT A A
ol el 9 SAAE ATALY AL A geol= Angel dole mas o 1081-1466
W0 2 Al Sefel B Si/Al W&o we} The meq/100 g A Yekton, ol Fviol=} i

_o_
HepH, 23 @ ol FRet HI%EME =
AA o] Aol wet et = AFS BT Aok
(Kim et al., 2014).

4 A3t oF 100 T o] ¥
gl = Ao, 2xo] Frt mje} 2|4
F s IAT 5 AT B A5 MHEI
= f71Ede] Ao 7IQ1gh ofsk I 257t
200 C F-ZollA YR AATH(Fig. 2). Al&2] F
e -1.69 mgz2 UERe ™, 7] FAIQ 15 mgell
o] 9F 11.26%2 7HAasER 02 Ueith 600 T7HA
Algetol E Fafol] g Tl e A5t #5E
2] Q= A0 F Hol GH O oA o] 53 Ao
2 i Hojoh 2 X80 A5 24 e ol
o] B, = 2 v=A A A& E A|SolA K
o= Y ukd W I M50 A3k vLd ARE
Ko 9l TH(Battsetseg et al., 2022).
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Fig. 2. DTA and TGA of natural zeolite.
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H Ku A|g9] %o ]—‘1 3L 146.6 meq/100 g O 2
OE As B =2 945 L‘rEM% AATHKIim e
al., 2014). WEbA] A5 ol wihe2 o] g
= A9 A L) E A5 vlwsle] 2499 =2
A HAFA S & F AT ol A AL
glolE A9 o] 2w dsS 7KE FEEElE
E|2Eo|E : 28.4%, ETTIO|E: 29.0%, EUH|UC|E .
7.6%)2] ko]l Ao g =7 W& ¢l Aow =
2=

Cs 2 Sr 5=t

Gkl Xﬂgﬂ‘roliﬂ AIZE st wE Al (Cs) B &

EEES) 52 B9 49 44E Fig 3o Jeri
ok Al (Cs)2] 739 27158 53] S7kste] 3082

offjol] th-Ee] F&fe] o] FojH om, oF 80%2] &
255 Holil YUTHFig. 3-A). ¥ REEE(Sr)9)

739~ 8AIZF o fel] tiie] FAE o] o] FoHUNL
H o 18%9] F&HES BT )(Fig. 3-B). & A+
A AA A&l EA M (Cs) B ZEEH(Sr)

o] & FZFA] AlfF (Cs)o] 2EEH(Sr) Bt Az e
2 FAHY Eshe AlZte] W2 FAERE wi$
’l:'i ] L]—E}L]—j’_ o]\_—_ qg_i Eo} _@ A]E‘:_ /\Eilﬁfr
(Sr) Btk Al (Cs) 52 o 28402 283h= 4

ClAMRE 52 85 A8
/‘ﬂT:r(Cs 2 2EZF(Srne] 537 745 gAY 52
01’0]—_1}17] HOH }\'“'H‘(C ) 5< 2E (SI‘H o=
10~2000 ppm®] MM T2 A ﬁ-‘%— Langmuir
293} Freundlich 24lo] -85l Fr18idch. 2 2
= Fig. 4A,B 2 Table 391 ZHz+ YeR AT

o 3t HAS

o

Langmuir =23} Freundlich &2
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0 5 10 15 20 Fig. 4. Sorption isotherm of natural zeolite (A-Cs, B-Sr).
Time(hour)
Fig. 3. Sorption kinetics of natural zeolite (A-Cs, B-Sr). Z2EZE(Sr)9 383 #AE= Langmuir 290 ¢
AFHE & F AeH, HA Aol Eof Al (Cs)
FEAFR)ZHE v B, Al(Cs) T A3 2 2EZRE(Sn] F22 35 F3e] dolutES
Aol M= Langmuir 292 0.9089% LEFREO T, &g 4= k. 3ok F3 F2A o iﬂxﬂ Ate] €]
Freundlich =4 0.8132°.2 YEPJTHTable 3). 2E 33HE A5 240 2 Qs wAYsh, T3 = T2
SESnel T2 AF ZelM= Langmuir oA = Fol & shte] S5 FAsked], AlETtel B 7
0.9214, YEF 2™ Freundlich 292 0.82790.2 1} AukA o 2 o] ghkgol ofsf B o] F2to] dof
ERtTH(Table 3). webs] &2 Al 5ol thdk Al4(Cs) 2 yu® glo] Aol XS BolFal dvh(Kam e
Table 3. Isotherm constants for adsorption of Cs and Sr on natural zeolite
I Langmuir® constants Freundlich® constants
on 2 2
Qy(mg/g) b(L/mg) R Ky(mg/g) n R
131.5951 0.1328 33.4902 0.2290
Cs (7.8972)° (0.0329)° 0.9089 (6.0663)° (0.0341)° 08132
29.5751 0.5186 13.2565 0.1335
S (0.7245)° (0.1408)° 09214 (1.6189)° (0.0205)° 0.8279

*q=[QubC.)/[14bC.], q. is the equilibrium adsorbed concentration, C, is the equilibrium solution concentration, Q, is the maximum

adsorption capacity, b is the equilibrium constant
b, —

qe= K
‘std. error

+Ce q. is the equilibrium adsorbed concentration, K is the adsorption capacity at unit concentration, n is the adsorption intensity
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al., 2018).

AlE(Cs) 2 2EZF(Sn Hu S
131.59 mg/g & 29.5 mg/g= YEREO ™, ZEEE(Srell
HI3 Al (Cs)el H S2tFo] wig- =41 vehtar 9l
= AT 4 AATKTable 3). o)1= A #A&T}o]
E W e BES TR 2 T vEo] o] weh
Q{_ o]%o] b‘z]-Ex-L‘,} J,]-E:]o] 011—,}_7_ t‘r___]— 2= 011—4_

6-ring¥} 8-ringS gk AlETo|E-AF ©]&-3F 9]
xqg Cs+ o]ig] HEH/H O:]?_oﬂ}\i )\L;H;Ggi ENY

O] -2 6-ring BT} 8-ring Afo| Eoll 414 0.2 H-feh=
733 Holal lEo] BAlEIItH(Lee ef al., 2017). B3¢
Cs" o] &2 8ring ¥ XpulAlolE & Ruypo|E
Al&efo| EoA mfg- & o] 2udsS HoFe A
o2 By AtHKwon ef al., 2021).

whHo|| JiF o= o] A7|7} A2 2EEH(Sr)S]
7% 8ringd} 732 Z Adoll= E9Hysl o) 3
ol wtomn, o] o] e] AP FF A A ¢
st S2AZ L&A TitanosilicateE ©]-8-3+ M| 4(Cs)
g ZEEEESN F2 AF A Ba =AUk
(Tripathi et al., 2003). WebA] JdlZ o2 o] W7 o]
ke §r?* o] 2L 6ring?| FAlo] wj$- oFFFH o7 9
A sh= W AJF o2 o] 2ol & Cs' o] & 8-
ringell $HFgHO0® X3t} o]& o] 2wty Fol
23} A9l Z7)ol wE Aelido] Ao g 283}
W) EothKim ef al., 2014).

2 Aol AR A Al EEolEY T2 EF-H
B9l EetolreEetol E9 FYUTIO]E= 8-ring
(4.6x3.6 A) 2 10-ring(7.5:3.1 A)e] A 7z o]
o RYUo]EE Sring, 12-ring(6.5%7 A), 8-ring
(2.6x5.7A) & 4-ring®] Ad A= o] AtHKwon et
al., 2021). wbA] FEEAA ANF S 23 RAFS] HA
A&t E A 5.9 7% 8-ringo] FH-3F A 2ol ER

JE T FA ol wEkso] FHojul Al (Cs)ell
gk Hdefifo] Hojd Ao dAdEr ‘ﬂ”ﬂ"ﬂ 3
o olearyt AL /\Ei.ﬁ-(er —ringS’Jr
7El_8_ = jHléoﬂ‘_: HO]J(—] o]»o:] J,]]:H :0:_2]-3]:0] AH:HX{Q_
2 57 Yeptar vk w2 ApellA ARgE A
A AL E 8-ring®] THE ATl ER A4
Eo] Qlof iAo g o] 2m7do] Z M4 (Cs) ©19]
7% 8-ringell W5 YA o2 LA|FRE o] 2w gk
e ol AlSTte|E 2 ring®] =710 wWE
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