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Crystallographic Study on the Selectivity and Distribution of Sr*
Ions Within Zeolite A In the Presence of Competing Na* Ions
in Aqueous Exchange Solution
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2 o o]2wdt MY Na' o]29] BE5k 7l WE zeolite A2 Sr* o] 2w 548 ATsly] fl5d,
S ! Na' o]202 w3te 4719] zeolite A TEAS &3 o] 2w &HE o]gsle] s|lEYPo= FH|eIA
t}. o]E o]wdhge] MA ExEs 0.05 Mo|H, Si(NO;),:NaNO; 4= ZHzt 1:l(erystal 1), 1:100(crystal 2),
1:250(crystal 3), and 1:500(crystal 4) ©]t}. o]& AL 623K 1x10* Pa®] FF3lollA] 2 A7k &5 Al
Ao}, o8] e WA AIREE XA AU R AU Pm3-mE ARESR] XS crystals
1, 2, 3 % 49 HF o3 <AE Zhz; 0.047/0.146, 0.048/0.142, 0.036/0.128, and 0.040/0.1562 L3517t}
Crystal 13} 291ME 67l19] SP* o]&o] ARTFH o2 A2 T 371 x|ollA] AT Crystal 394E 1
7ol St o]} 10712] Na' ©]2¢] large cavity®} sodalite WF-ollA] A FATh Crystal 4 oA ©A] 12
Mol Na® ol2wto] o] A= the ZAeH] Al Ffakal AUt S o2 o] 2w kg2 27] Na© 0]
FEF STRRL Srt ol R9] Frh el wek 100914 16.7 B 0%E Al 4 ek g, St
o] wW3Hgo| A Foll wE} A&To|E ZA 9] w9 A=l g Frol A sk

Siof: ASTelE A, o]2udl, RERF o2, &F o, 2X%

Abstract: To study the properties of Sr** exchange into zeolite A with increasing the molar concentration
of Na" in given exchange solution, four single crystals of fully dehydrated Sr**- and Na'- exchanged zeolite
A were prepared by the bath method using mixed ion-exchange solutions. The Sr(NO,),:NaNO; molar
rations of the ion exchange solution were 1:1(crystal 1), 1:100(crystal 2), 1:250(crystal 3), and 1:500 (crystal
4), respectively, with a total concentration of 0.05 M. The single-crystals were then vacuum dehydration at
623 K and 1x10™ Pa for 2 days. Their single-crystal structures were determined by single-crystal synchrotron
X-ray diffraction techniques in the cubic space group Pm3-m, at 100(1) K, and were then refined to the
final error indices of R,/wR,=0.047/0.146, 0.048/0.142, 0.036/0.128, and 0.040/0.156 for crystals 1, 2, 3, and
4, respectively. In crystals 1 and 2, the 6 Sr** ions are found at three different crystallographic sites. In crystal
3,1 Sr** and 10 Na' ions are found in large cavity and sodalite unit. In crystal 4, only 12 Na* ions occupy
three equipoints. The degree of Sr** ion-exchange decreased sharply from 100 to 16.7 to 0% as the initial Na*
concentration increase and the Sr** concentration decrease. In addition, the unit cell constant of the zeolite
framework decreased with this lower level of Sr** exchange.
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2 FIEFA
M B

LA AGellA B E = T AT WA A
¥ 7189 FEEL NSr, YCsi} 72 F- A W]
3153} Na, K, B 53 22 the] v] WA 3}ekg,
I3 & igy] dES E§sk At Ahmadpour
et al., 2010; Ma et al., 2011; Faghihian et al., 2013;
Kim et al., 2020). 53] *Sr& WA H Y& &
Ashs vheket /e WA AT 7P TR W
AP o] SR, W77 A g8l =rt o,
AA F5E Sr Cad} 3}8H4 EA4Jo] - vl
3] Sro] fA| Cadl wk=o] 72 wol, Wy,
N3 22 gofst dwS FEA7I, vk
ol 717 =24 Q1A B AEjA 9] sl o] mi-$-
2 E4= 43A AthMa et al., 2011; Kim et al.,
2019).

o|¥ o= WA HACZRE Srg GHH O
2, AAstE 71eside] AAAA SR A&
Aol giideld e A FAAE skeky FA,
FAAE, SFE, wEH, 5, ol 2ugyE o
et W EC] AT JHEE o} $kTh(El-kamash, 2008;
Kim ez al., 2020). °|& ¥ T 53] AeTo|ES
o] &gt o] WP =2 Y2
He, 2 A9 2 e vjg 22 o=
s AA WA H71E A 7P E3AQ0 W
S =2 713 Itk (Abusafa and Yucel, 2002;
Tripathi et al., 2003; El-kamash, 2008). ©]ol H
A 2golE Wt olug} Zeolite A, X, Y, Mordenite,
Chabazite, Zeolite Rho, Titanosilicate =3 7+& t}
F F7 T AL ESS o83 WA ¥
T AA AF7F EdshA 118 E o] $Et(Tripathi e
al., 2003; Bascetin and Atun, 2006; Chegrouche et al.,
2009; Wang et al., 2011; Kim et al., 2014; Kim et al.,
2017; Lee et al., 2017). 284 Lukzog o5 &
AL g oo Sro] g3fE &M= Sl
gk ol 2 AR AAES HAFI o,
7AYol o] ZAE 7 AR e At
AAEE 7R E ASR B HI AT Tripathi ef al.,
2003; El-kamash, 2008; Kim et al., 2019). w2}A]
Aol EE WAV AF AAE 215 EHH<Q o]
2uSA R shr] Qi FETHE Aol
ZA Bt A Sroo]9] Mely gl ol #Ag AR
gl AH7} vjg FQt & 4 JH(Kim er

ro

al., 2019; Kim et al., 2020). ST HA7HA] 4= B
< AFAE] v w=Hole Eetal Aol
A EtA A ZEo| EQ] o] 2wt 3 F Srt ol
29 F2F B2 g Al #g AAZ] A+
7F o33] F=3 Aol I o] & & Aol
A& Na' 74 o]22] EAstl AlSeelE A S
o] 9] o]gwg B4 At A+E 3 3

SP* o] o] Wt ® Al &elo|E A= S Na' o]
o] £H ol2ug §ooRTE S T3
om, o]2w3t gl Srel Na' o]29] & sl
mE S o] 9] o] 2wt FaFH o] 2w site?]
Aelrde] wstks Astaat skt

Al
=

.

Hid
==

il

0

2mst

2 AFOA ARGE T Al STl E A BAA,
Na,,Si,Al,0,6S Charnell?] 34 WHoz B A4
Aol 34 =AU (Charnell, 1971).

31 Sr, Na-A A& ES 48] 98 AMe-
o] 2 3k W Sl X](batch) ¥ (static ion-exchange
method)S AF&-319 T} 4702] 15 ml conical tubed]]
Na,,-A ©474 001 g& 7}z 237, A4 5% 0.05 M|
T SeNagl 17} 11, 1:100, 1:250, 1:50031 St(NO),
:NaNO,9] &3 & 10 mIZ ZH2t Y& % Shaking
incubators ©]&-3to] A2A 8 A|ZF FF Wk A
Zith. wRk 5§ oA A2 S0 g wiksle] IR
o] wghS 103] Tt o] 2w HFE mpxl
AWREL e & SHRTE ARt 5 37 A1F
s S ARE-3Fe] 323 Kol 24 A 7F FoF
AxIES AR d-o] AHS AX Fsid 4A 9

teFet SFEHOE FE S Na' o] 208 W
3e A SEolE A AHE T SHUE fine pyrex
capillary S+l 37A)Z] F A o] S0IU= capillaryS
g 2helell =915k 1x10™ Pa IF %, 623K &
TollA 48A17F B¢ 2 S AR o] & AR
T 25 YWiE & Aol Eol3= capillary W
25E FAS A torchs AH38ld &7 7Fsst A
712 Bste] Zdepigit. d#e] 8-S Azl Ed
AR o] Mo de S YRS
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Na' ZgAol2o] EAek= 82X Zeolite A W} Sr** o2 &g 9l

X 3=

o] FAH A5 3 dHolEe ¢EdR A=A
REE XA EIEE7IAT4 2D "ERDE AHE-st
AAAALE o] 100(1) K ZHAM F=R3FATh
Preliminary cell 5=$} orientation matrix= Z&|J T
12 =3 A7 5°9] scan 7HA = 360° HLI (15 31%1)
72 ZH Y 787k HKL3000sm 2138 ARg-35le]
7] 5 scale 32 &A1 3 (Minor ef al., 2006), Reflection
< DENZO Z=Z139] 253} indexing g0l ]3]
AFH 22 index3t I THMinor et al., 2006). £ 2 3
t]o]E] &L Lorentz9} polarization &3}l 2Jsf] BA
39tk XPREP =13 (Bruker-AXS, 2001)°l <]}
Pmm ¥7tS A8t om Az 4454
Z71& Table 16 AASHAl AFstct.

TZoliA 2 MaSHRefinement)
Full-matrix least-squares “g'2SHSHELXL97) (Sheldrick,

‘:‘Z_oﬂ ) Z'—"EXJ dEA o T 43

“ o171

A
r

2008)= Kim®| Aol gt &¥ Mg Na
[Sij,Al,04]-LTA W [(Si,Al), O(1), O2) & 031
=447 A HES AHEEt] 7 AR HolE
55 AU THKIm er al, 1989). Z7] AU 3}ol| A
ol €4 #vlH (U, )5 883 crystal 1,
2, 39 4 = 212} R/wR,=0.4858/0.8556, 0.4902/0.8542,
0.3470/0.7754 Z18]3L 0.3146/0.7439%2 =& 22} 3
o2 FHEY o] F AHZ-g AASIA| ] gk ZY
3= U424 2 2 Difference Fourier electron density
mape ©|-&3t] T3 SF3ATH(Table 2).

RN Gol-2] Fol2e] Hake sl Be
Aol gk S €} Na* 09| H--= Table 3¢ L}
R s skl

27| weight 3t 3783153 A1 2T weight >
Table 19 A2 3I$3t}. S, Na¥, O 22|32 (Si,Al)'7>*¢]
A} Atk QRS A5 tHDoyle and Tumner, 1968;
Ibers and Hamilton, 1974a). RE Ak Qlal= |44

Table 1. Summary of Experimental and Crystallographic Data

crystal 1 crystal 2 crystal 3 crystal 4
Crystal cross-section (mm) 0.06 0.07 0.06 0.05
Ion exchange T (K) 294 294 294 294
Molar ratio of Sr**:Na" in 0.05 M* 1:1 1:100 1:250 1:500
Dehydration T (K) 623 623 623 623
Crystal color pale yellow pale yellow pale yellow pale yellow
Data collection T (K) 100(1) 100(1) 100(1) 100(1)
Space group, Z Pmm, 1 Pmm, 1 Pmm, 1 Pmm, 1
X-ray source PLS (2D SMC)?
Wavelength (A) 0.70000 0.70000 0.70000 0.70000
Unit cell constant, a (A) 12.338(1) 12.337(1) 12.284(1) 12.275(1)
26 range in data collection (deg) 66.94 66.85 59.03 58.97
Total reflections harvested 750 792 599 603
No. of unique reflections, m 750 792 599 603
No. of reflections with F, > 46(F,) 698 737 579 563
No. of variables, s 31 31 35 33
Data/parameter ratio, m/s 242 25.5 17.1 18.3
Weighting parameters, a/b 0.082/3.0 0.089/2.5 0.058/1.9 0.071/1.8

Final error indices

R/WRy(F, > 4o(F,))"
R /wRy(all intensities)’
Goodness-of-fit*

0.0467/0.1462
0.0511/0.1599
1.18

0.0483/0.1420
0.0509/0.1496
1.122

0.0361/0.1276
0.0389/0.1375
1.375

0.0401/0.1552
0.0521/0.2016
1.438

“Sr(NO,),:NaNO; mol ratio in the exchange solution. "Beamline 2D-SMC at the Pohang Light Source, Korea. ‘R, = 2:|F,-|F,|/>F,
and wR, = [Zw(F,-F.y/Zw(F,’)’]'*;R, and wR, are calculated using only the reflections for which F, > 4o(F,). ‘R, and wR, are
calculated using all unique reflections measured. “Goodness-of-fit = [ w(F,>-F,2*/(m-s)]"?, where m is the number of unique

reflections and s is the number of variables.
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Table 2. Steps of Structure Determination and Refinement
Occupancy” at
Step
Srl Sr2 Sr3 Nal Na2 Na3 R, wR,

crystal 1, St|[Si;,Al,0,5]-LTA
1 0.4858 0.8556
2 3.5(1) 0.2268 0.6601
3 3.5(1) 1.5(1) 0.1636 0.3867
4 2.0(1) 2.1(1) 1.2(1) 0.0892 0.2303
5¢ 3.6(1) 0.8(1) 1.2(1) 0.0415 0.1282
6 35 1 1.5 0.0467 0.1462

crystal 2, |Sr|[Si,Al,0,5]-LTA
1 0.4902 0.8542
2 4.0(1) 0.2162 0.6532
3 3.4(1) 1.5(1) 0.1699 0.5860
4 1.7(1) 2.4(1) 1.0(1) 0.0904 0.2482
5¢ 3.6(1) 0.7(1) 1.2(1) 0.0428 0.1263
6 35 1 1.5 0.0483 0.1420

crystal 3, |Sr,;Na,|[Si},Al;,0,45]-LTA

1 0.3470 0.7754
2 8.9(2) 0.0998 0.2952
3 9.0(1) 2.6(1) 0.0657 0.1889
4 0.6(1) 6.9(2) 2.6(1) 0.0424 0.1440
5¢ 0.7(1) 7.3(3) 2.7(1) 0.0334 0.1242
6 1 7 3 0.0361 0.1276

crystal 4, [Na,,|[Sij,Al,O4]-LTA
1 0.3146 0.7439
2 7.7(2) 0.0902 0.2963
3 8.3(1) 2.6(1) 0.0583 0.1959
4 7.8(3) 2.7(1) 0.6(3) 0.0399 0.1572
5¢ 8.2(1) 2.7(1) 0.7(1) 0.0385 0.1529
6 8 3 1 0.0401 0.1552

“The occupancy is given as the number of St** and Na* ions per unit cell. The numbers in parentheses are their esds in the units of the
least significant digit given for the corresponding parameter. “Only the atoms of zeolite framework were included in the initial
structure model. “All Sr**and Na'* ions were refined anisotropically. “These integral values were used only in the presentation of this

work, to facilitate resonability.

=

Tl

Abol| ok HAHE 3he ARSI TH(Cromer, 1965;
Ibers and Hamilton, 1974b). & 22} <12} 72 Table

1] A=) 2 FPEEL Table 39, 28]
QA Aol Atz Table 49 A3k

o7 2

Crystal 1, |Srg|[Si;Al;,04-LTA
o] AAdM = TME & 670°] S o]20] 3

ot

N AR 7 Aejo] BEs3 YTHTable 3). 6712
Sr** o]l% 3.5719] Sr** o] (Srl) 9] 0Q3) &
Ao WAO ZHE large cavity FE(Figs. 1(a),
2(a))2-2 °F 0.28 A(Table 5)2] Aol X3t 3L
om, o]F S o] 22 3709 0(3) ¥4 AtAe} oF
2.358(3) A(Table 4)°] AAE 7t} o] A%
Agle 3ol Uehd e o2 3 112 +
1.32=2.44 A(Robert, 1989/1990)%.t} 2F7F Z-o 72
o, 0|71 Sr* o] o] FAkAe} LA Agatar
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Na* 7ol o] ZAjshe 589l Zeolite A ) Sr* ole] Aud 3 Rol] That AR AT 45
Table 3. Positional, Thermal, and Occupancy Parameters”
atom Wy?l?Off y z U’ Un Us; U Us Un M
position varied fixed’
crystal 1, |Sry[Si},Al,0,]-LTA
SiL,Al - 24(k) 0 1837(1) 3730(1) 121(3)  81(3) 86(3) 5(2) 0 0
o(l) 12(h) 0 2251(2) 5000  233(13) 196(12) 149(11) 0 0 0
0@2) 123) 0 2818(2) 2818(2) 685(24) 115(7) 115(7)  64(9) 0 0
O(3) 24(m) 1107(2) 1107(2) 3431(2) 384(8) 384(8) 168(9) 18(7) 18(7)  275(10)
Sr(1)  8(g)  2013(1) 2013(1) 2013(1) 218(3) 218(3) 218(3) 158(4) 158(4) 158(4) 3.6(1) 3.5
Sr(2)  8(g)  2340(6) 2340(6) 2340(6) 668(27) 668(27) 668(27) 189(33) 189(33) 189(33) 0.8(1) 1
Sr(3)  8(g)  1563(3) 1563(3) 1563(3) 459(12) 459(12) 459(12) 332(16) 332(16) 332(16) 1.2(1) 1.5
crystal 2, |Sry|[Si},Al,O0,]-LTA
SiL,AL  24(k) 0 1836(1) 3729(1) 118(33)  83(3) 90(3) 6(2) 0 0
o(l) 12(h) 0 2249(2) 5000  231(12) 184(11) 147(10) 0 0 0
0@2) 123) 0 2819(2) 2819(2) 698(24) 110(7) 110(7)  72(9) 0 0
O(3) 24(m) 1107(2) 1107(2) 3430(2) 380(8) 380(8) 183(9) 15(7) 15(7)  282(9)
Sr(1)  8(g)  2020(1) 2020(1) 2020(1) 194(3) 194(3) 194(3) 131(3) 131(3) 131(3) 3.6(1) 3.5
Sr(2)  8(g)  2338(7) 2338(7) 2338(7) 721(30) 721(30) 231(36) 231(36) 231(36) 0.7(1) 1
Sr(3)  8(g) 1573(4) 1573(4) 1573(4) 587(16) 587(16) 721(30) 462(20) 462(20) 462(20) 1.2(1) 1.5
crystal 3, |Sr,Na,|[Si;,Al,Ou]-LTA
SiL,Al - 24(k) 0 1839(1) 3722(1) 190(3) 168(3) 116(3) 27(2) 0 0
o) 12(h) 0 2295(2) 5000  291(12) 417(14) 166(10) 0 0 0
0@2) 123) 0 2893(2) 2893(2) 704(20) 233(8) 233(8) 140(10) 0 0
O@B) 24(m) 1125(1) 1125(1) 3431(2) 296(6) 296(6) 272(8) 7(5) 7(5) 69(6)
Sr(1)  8(g)  2075(8) 2075(8) 2075(8) 1314(68) 1314(68) 1314(68) 973(63) 973(63) 973(63) 0.7(1) 1
Na(l) 8(g) 2010(1) 2010(1) 2010(1) 166(5) 166(5) 166(5)  35(5) 35(5) 35(5) 7.3(3) 7
Na(2) 12() 0 4234(4) 4234(4) 476(37) 388(22) 388(22) -183(29) 0 0 2.7(1)
crystal 4, [Na,,|[Si},Al,O0]-LTA
SiL,Al - 24(k) 0 1837(1) 3719(1) 237(4) 205(4) 1343) 36(2) 0 0
o(l) 12(h) 0 2289(3) 5000  371(16) 519(19) 182(12) 0 0 0
0@2) 123) 0 2900(2) 2900(2) 792(26) 282(10) 282(10) 166(12) 0 0
O@B) 24(m) 1126(1) 1126(1) 3425(2) 336(7) 336(7) 305(10)  7(6) 7(6) 62(8)
Na(l)  8(g) 2003(1) 2003(1) 2003(1) 258(4) 258(4) 258(4) 84(4) 84(4) 84(4) 8.2(1)
Na(2) 12() 0 4228(4) 4228(4) 632(51) 386(25) 386(25) -146(32) 0 0 2.7(1)
Na(3) 12() 2069(25) 2069(25) 5000 878(169) 878(169) 906(281) 0 0 -12(210)  0.7(1) 1

“Positional x 10*and thermal parameters x 10*are given. Numbers in parentheses are the esds in the units of the least significant
figure given for the corresponding parameter. “The anisotropic temperature factor is exp[-2m’a*(U, i*+Unpnk*+Us P2 Uy ki+
2U,;hl+2U,,hk)). “The occupancy is given as the number of atoms or ions per unit cell. “These integral values were used only in
the presentation of this work, to facilitate reasonability.
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S Yehl L gl o] AdAelE o1 srA F SiTh
(Firor and Seff, 1978)°|4] ¥ H S* o] 23}
Akaetel Agle} v Wt St O(3)-Si(1)-0(3)

6719 Sr** o] F 1709 Sr** o] (Sr2) 371¢]
0(3) A AR WMo 2HE oF 0.97 A(Table 5)2] 7
F12 120°(118.61(3)°)(Table 4)ell 7HAA vrehtaL 2o 9JxI8laL 2lom, Sr2)-0(3)8] AHElE 2.538(6) A
Sr** o] A AWM o]F IS & (Table 4)°]t}. O(3)-Sr(2)-0(3) A7+ 106.1(3)°
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Table 4. Selected Interatomic Distances (A) and Angles (deg)”

crystal 1 crystal 2 crystal 3 crystal 4
(Si,AD)-O(1) 1.6484(11) 1.6488(10) 1.6663(11) 1.6672(13)
(SL,AD)-O(2) 1.6528(6) 1.6531(6) 1.6479(6) 1.6463(7)
(SL,AD)-O(3) 1.6766(8) 1.6760(8) 1.6751(6) 1.6747(7)
Sr(1)-0(3) 2.358(3) 2.359(3) 2.345(4)
Sr(2)-0(3) 2.538(6) 2.536(6)
Sr(3)-0(3) 2.439(3) 2.432(3)
Na(1)-0(3) 2.326(2) 2.315(2)
Na(2)-0(1) 2.561(4) 2.562(4)
Na(2)-0(2) 2.329(7) 2.306(8)
Na(3)-0(1) 2.55(3)
Na(3)-0(3) 2.54(3)
O(1)-(Si,Al)-O(2) 114.85(14) 114.78(13) 108.56(13) 108.26(17)
O(1)-(Si,Al)-O(3) 112.04(9) 112.05(9) 112.17(7) 112.12(8)
0O(2)-(Si,Al)-O(3) 104.11(10) 104.12(10) 106.22(8) 106.32(9)
(Si,AD)-O(1)-(Si,Al) 143.88(19) 143.93(18) 140.72(18) 141.23(22)
(Si,AD)-O(2)-(Si,Al) 175.82(21) 175.63(20) 166.40(19) 165.30(24)
(Si,A)-O(3)-(Si,Al) 145.75(17) 145.67(17) 144.88(12) 144.53(14)
0O(3)-Sr(1)-0(3) 118.61(3) 118.44(3) 117.34(23)
0(3)-Sr(2)-0(3) 106.1(3) 106.1(3)
0(3)-Sr(3)-0(3) 112.53(14) 112.95(15)
O(3)-Na(1)-0(3) 118.88(3) 118.98(2)
O(1)-Na(2)-0(1) 133.13(26) 133.4(3)
O(1)-Na(2)-0(2) 66.57(13) 66.70(15)
O(1)-Na(3)-0(3) 66.0(8)

“The numbers in parentheses are the esds in the units of the least significant digit given for the corresponding parameter.

(Table )= Sr(1)z oF7F ThEA A7 O 2 HE
] gojx ot

=] 15709 SP* 0] 2(Sr3) sodalite Yol A 33
3| A=) A8 YTh(Figs. 1(a), 2(a)). ©1E S©**
o]&L 37jl9] 0(3) =4 Atie} oF 2.439(3) A(Table
48] AgAEE 7HAIH, o] AfAEle £ vYeRt
AE ol2utA ] 3 1.12+1.32=244 A(Robert, 1989/
1990)2} 7 2] A= 3t} o]5 o] &L Sr(1)3} Sr(2)2
ol 2= ThEA 3719 0(3) FA A A WO ZHE
sodalite &0 2 ¢F 0.68 A(Table 5)2] 7ol $1X|
sk e, 0(3)-Sr(1)-0(3) A2 112.53(14)°
(Table 4)°]T}.

Crystal 2, |Sre|[Sis,Al;,04]-LTA
Crystal 2= crystal 13} PRI 2 DGHAIE 6
el S ol 5] 37he] At Aol A T

Table 5. Deviatios (A) of atoms from 6-ring Plane at O(3)

atom crystal 1 crystal2  crystal 3 crystal 4

Sr(1) 0.28 0.28 0.39

Sr(2) 0.97 0.97

Sr(3) -0.68 -0.65

Na(1) 025 0.24

A positive deviation indicates that the atom lies on the same
side of the plane as the origin.

A THTable 3). ©] & Sr* ]9 7|5letd 2=
crystal 1914 Ar gk 212} vl H]s=aic), oM
35 (Srl) 7R 2 1 (S2) 7He] SP* ol 5L large cavity©ll
12 & (Figs. 1(a), 2(a)) 3718 O3) =4 249}
z+z} ok 2.359(3)3 2.536(6) A(Table 4)2] A2 =
7R o, ymz] 15709 Sr*t o] 2L sodalite
o] A5k ZA kAo oF 2.432(3) A(Table 4)°
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AeE 7L Sl

Crystal 3, |Sr,Na|[Si;,Al;,0,46]-LTA

o] AAM = o9 crystal 13} 20|41 9] Az}e}
TE2A SAHET 10719] Na' o]0 &=
St o] ] 1 JiRE A = AtK(Table 3). 170€] Sr**
O] &(Sr1)2 crystal 13} 204 WA 9]x]9} v]s=3t
X191 large cavity $FEO 2 (Figs. 1(b), 2(b)) 3742
0(3) 24 2429t oF 2.345(4) A(Table 4)9] AA
gl X8 1o, o] A& crystal 13} 20141 <]
AdAzIS} Aol dA|gt.

o] AAeA LAR 10709] Na' o2& Z 7/H<]
Na' o] 2(Nal)y& =444 03)¢} 2.326(2) A2l Agl=

Fig. 1. Stereoviews of a sodalite unit in crystals 1, 2, 3, and
4; (a) crystals 1 and 2. (b) crystal 3. (c) crystal 4. The zeo-
lite A framework is drawn with heavy bonds. The coordina-
tions of the exchangeable cations to oxygens of the zeolite
framework is indicated by light bonds. Ellipsoids of 25%
probability are shown.
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AE51] large cavity S5O Z <F 0.25 A(Table 5)2
Aol fAIstaL k. o] AAe E3ol v
AE o] LukA ol 3t 0.97+1.32=229 A(Robert, 1989/
1990)2.t}F o7k HA YeERFAL 9o, O(3)-Na(l)-
0(3)2] A%tz 117.34(23)°(Table 4)°] tH(Robert,
1989/1990).

107¢] Na® o] 5 A 3709] Na® o] 22 large
cavity 2] 8-ring WAFIA (Fig. 2(b)) 2708 ZFAAA
o1y he] 244k o)t M2t 2.561(4)2} 2.329(7)
A(Table 4)°] A= Agstar 3lom, o] AFA=
o] el e o)Wl Fr ok | A
go|}. AR o] A= o]He] Na' o]o] wehel
zeolite A(Pluth and Smith, 1980)2] F+Zoj|A ] A=
Na' ©]22] A} H|S: 8t} o] large cavity W9
8-ring M/ Na* o]2o] a|-5-7]ol] Y& =7] wjZo]
Na® ©]20] 8-ring®] g7hedlol 92814 %FiL 8-
ring |3e] g HoA 379 AN} AFS
Skal Itk HES o] f)o] ALt ARt A

Fig. 2. Stereoviews of the large cavity of crystals 1, 2, 3,
and 4; (a) crystals 1 and 2. (b) crystal 3. (c) crystal 4.
See the caption to Fig. 1 for other details.
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HolFa gl

Crystal 4, |Nay,|[Si;,Al;,046]-LTA

o] M= $19 3719 crystal F= €] S
o]l AT  gllom weEd A 12749
Na' o] &1to] ¥ =] TH(Table 4). 127119] Na* o] 22
370e] A sHA Qx| XL T olEF 8]
Na'(Nal)°]£-& Na(1)-0(3)2] 2848 2.315Q) A,
0(3)-Na(1)-0(3) 22 118.98(2)°(Table H)ZE =4
2 0(3)2] HHOZHE large cavity 9HEC 2 (Fig.
1(c)) F 0.24 A(Table 5)2] Aol AXstL AT},

3712] Na* o] 2(Na2)& crystal 39] Na® ©]-2(Na2)
9 large cavity W] 8-ring®] & W gl A 3719
FAA AL A 313 ATHFig. 2(c). 2712 =4
2Hs 0(1) 2 Ul 244 0@2)2ke] AfAE=
Z+z} 2.562(4)9F 2.306(8) A(Table 4)°]t}.

U2 1719] Na* o] 2(Na3)y 4-ring®] HHH £
A3l W (Fig. 2(c)), ©] 32 &) AlET 12719
ol o] H{E F e AR o] ARdM = L F
°F 8%°] Na" o]°] {5 3L SUTh Na" o]
Na3)e zkz+ 2719) O(1) 2 0(3) 4442} 2.55(3)2
2.54(3) A(Table 4)2] 2|2 Al At 4ringS
Na' o]2o] P o0& Hf3s}7]ol ez og ZfopA]
Na' o] 22 3ol Yeht e o9 9] 3, 0.97
+1.32=2.29 A(Robert, 1989/1990) Kt} H 3Loj|A oF
sHAl Agstal Tk

2 AT E ol ews S A o &
ole2) ZAstel S 3 N

WE s olee] LE EEE 2
88 o] SP'3 Na o] o]

w

1S ZH} 1:1(crystal
1), 1:100(crystal 2), 1:250(crystal 3) 3 1:500(crystal
4) O & 3sfo] S o] & WS TSttt 2 A

)
j=a |

crystal 13} 20X = 3HA SP* o] 202 wElo]
o]Fo] Mo crystal 39 E &F 17]¢] S who]
3lo] o]FoJH I, crystal 4ollAE SP* o] Fho]
8] o] FoA|A] LUYTH(Table 6).

ol2wg §Afe] Na* 0|29 Ea=rt 715l
wel A E G o] weE Sl AFE 6
NollAl 072 7HAg o, BEd| Na' o]29] AF+=
07fellA 1270 & F7FslAth. St o] 8] o] W&
E2 ol2wdt o] S} Na'e| 5% HI7}F 1:1
(crystal 1), 1:100(crystal 2), 1:250(crystal3), 1:500
(crystal 4) Z7Fsrel wat 2+ 100, 100, 16.7, 0%=
FAA A S Hol FA Iti(Table 6).
Hgo] Al&etolE 249 G AR FrE=E St
o] wHEo] FHaghe] wt ke AES B
3L AtK(Table 1).

Sr*e} Na* o]-2] A|E MeigdS v 420z
S 0] 252 6ring?] O(3) ZAAAS] WAL ZHE
large cavity 2FZ(Srl, Sr2)0ll 91|81 o]0} O(3)
FAA A WO RRE sodalite 9H2(Sr3)oll 91X
UTHFig. 1(a)). F0IX] o] 2w gk G-Aljo] Na* o]=9]
E557F F7 ekl wet large cavity 2 sodalite 9H2]
6-ring7de] Sr** o] 9] HfrEo] F43] Fidte
HHH, Na' 0|29 AFE2 F43] 718l &3k
7FE3HA H™ YA Na* 0]22 large cavity W€
8-ring2| ¥+-Z WA} 4ringol| $1X5HA E HFig.
2(c)).

e Na' o]259] BZEAS B large cavity
€] 6-ring®] W7ol $1X]g Na™®] 7-¢- 6-ring 7d<]
gk bl P Ao g fXx|etal = W large
cavity 2] 8-ringol] %18 Na® o] 2] 3¢ A
O 2 8ring®] Z7|7} 6-ring BT} 7 Na* ©]9]
8-ring®] & WA o XA O™, 4ringell $1X| g
Na'e] A% AhH 22 4ring2] Z717} 6-ring Bt
2o} Na' 0]20] 4-ring®] A JelA] Ea] Hojzl FollA]

sl fIAIskAL o

o

Table 6. Occupancy of Sr** and Na' ions per unit cell at their sites

Sr(1) Sr(2) Sr(3) Na(1) Na(2) Na(3) Y%IE”
crystal 1 35 1 1.5 100
crystal 2 35 1 1.5 100
crystal 3 1 16.7
crystal 4 1 0

“Percent ion exchange of Sr** ion.

Korean J. Mineral. Petrol.



Na' ZgAol2o] EAek= 82X Zeolite A W} Sr** o2 &g 9l

E Are] Aol mEH SP o] 2] Alo|E A,
ARE, o] BxE o]Lws o] S} Na'
o] 9] 27| Fx Wzl we} A FFS S
Bo3ZEy Utk A&TolE AZ 0]&3) S o)L W
ZlolA] Na* o]20] AAol & o2 EAPS uf Sr's}
Na" o]&9] 27| o] wslol w2} zeolite A Ul A

28

ol2E0] X = U= 3H(6-ring, 8-ring, 4-ring
Ao ARl E FollA 7 b H o2 AT
U 6ring Hgo] 94207 S s =, 27
Sxo] Wslel] wet Hf-&o] Wepbt ZA YR
)
A%

g goo] FUT Srot Na'9] EF=H <]

o

=

= I

= 4 & 5 AT
ol g

Zl

ZA(crystal DA E AthHo R B} 2o A=
™ Sr* o]2o] Na' o]&Xrt} FZ ket 1] 7ef
|
&

=

qe A7) wFo] SHHOZ 6ring WS A
SHA| E]of Sr* o] &1to] hdEHA| o] 2w gt F ATt
Z2ut Na' 0|29 7] =7t S71l Wt Na* o]
20] S ol2x} $HaF o7 R3] 6-ring H
2ol st o] 29 F4= 7HAElal Whdel Na' o]29]
N7t S718F] crystal 49145 Na* o] &5to] o] &
gk Holxl= A3y} vehdtt. o] 2uwghE2 crystals
1,2, 3, & 4o Zk2+ 100, 100, 16.7, 28|32 0%S X
oF3 k. 4le] S o]0z WEH crystalE
H| 23S wf Na'o]2o] AAolo =2 ZAYS wj+=
Na' o9 7] =7t S o] &9 #X ¥ o]
w&Eo A YIS VRS AT F AT

AbAE

B AT 20209 % SalA 7150 7S /e
Aol ogk AFUFAIE. $2907885).
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