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1-adamantanammonium hydroxide) ¥} ol €t2S E|Z 2 H]F o] @i o]} &3l A1dA T, A7) #1374
o] E3Eo HEZE L22HANESE T3t A2AA Y, 7] A2z E3EAA A-FHSi0) b
sk 1,00 & &S 24dsty] {8 7rdete 22s Alxste A3, Y] Az S vASHA 24t
AFAE Azxshs A4z, 47 AFAdd E4ES s we Hotete d4 AFAE Azt A5
A7 A AFAZE oF 12 WA 24087 AE 150TC~190C e 1204 7}

o4

HESAI A ZhaRARo] E(CHA) AAHE
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Azt A TP AL Yoz et

5
ol

uth dlgAeAE 47 AsAe AR B4 ATAR #AFE] 99 UAee A4S O 2qe 5+ Ao
£ 4] A ) ATAC BAS F LA Astts AL 54 e AxE g4 wA F F
b2 mgstel 4 ATAE YT,

w3 A7) A6TFe] FAubSe oF 155T Wi 100T9] SEolA FaEE Zo] uiardsin, 7] AeHHL
AR A7) TRl E QAR AN ATHAS o T8 5 o 98K 2o 53E A7 96
Z(calcination) A 714l ¥= Rolth. olglat a4& FHALE 100~500 cc - min B EE Axe 52 3ho|A]

0.1~10C -min 9] T% £E2 500TC~700Col A 2~24A]3F &t o] FoX|= Ho] ujghzsir},

wsk A7) A ATAY B 2AL 10 Si0y: 5 TMAdaOH: 5 HF: 10-30 H,0%1 ZAo] upehAslct.

TS 2 odge) wE wde] AFl At E A& TolE Al Aedt Az Wil s Axd e
ERo= 3t}

olal, Al HludE Tl B el FA W o mE g3E Hu A6 AwWstuzt s, ey
E oA E B oug s By pAHoR Aisly] 9)F Ao, B whyo] W) olE Ax]dd dAHEE AL

[AAe] 1]
1. Si-CHA A &olE A< A

Si-CHA A|&EfolE YA}+= A M.J. Diaz-Cabanas, P.A. Barrett ,M.A. Camblor, Chem. Commun. 1998, 1881-
1882., (% 2) E.A. Eilertsen, B. Arstad, S. Svelle,K.P. Lillerud, Microporous Mesoporous Mater.
2012, 153, 94-99.)0] 1A WA iow FAT PHE Ageiel FAsterh

WA, N,N,N-trimethyl-1-adamantanammonium hydroxide(TMAdaOH, 25 wt % in H,0, Sachem)¥} ol (200

proof, Sigma-Aldrich)< H|ZZ WA Qi do]pel Tt 2 TR, daom HEZE e=2xd

YA)E(TEOS, 98% Sigma-Aldrich)& ¢ ZF=l ¥e=rt. AFHSi0)el dgk H09 & vl&o] ¢ 2.47F 4
WX 9 HEE WAE AESEA B AFYoR AR, ol gAY B EEe A wA
H3, BHEDES A Aol BAE Apgetel vlAe Bu(nA ge AT Bt dgoz aA
e AT BAb G948 vih, Siga-Aldrich)E WA F B Askph, AFAE TS A F
HHom AR wgEth AzE FH ATAE HEE doluz §3 F SAAIEA 155TAN WAL
o oF 4247 EE GIAIRE AR Mgkl AW Fol RS AgS] M FRAUG. THE GA A48
A% ol B AFstn we o "olesE At @ ATAY AF T EYELS 10 Si0; 5

TMAdaOH: 5 HF: 30 H)0°|t}. ol#3t & FAES "XAE t"g 33 A (thin) ZAE g3}, = CHA ¢

AE 200 ce - min | B7] EE A4 B2 Fo]A 1T -min o 27 EEZ 550CoA 1247 B9 3H4A7)

th(Pluskolab, model: CRF-M20-UP).
2. &y dFv t)ag Ao B4 F2 Si-CHA A2 E YAt A a1

O

T 19 Z=AIS viel o], HIZE EU (300 o AE AW F#=(20) Akelel wixE &df EFw|Lf T
F(10)E 7] AxE etaE CHAYAH (IS 22 dA (DS A gAH2)7F 232 ) °F 0.05gS T
st fE ST EAIE) O AAAIZ] v oF d0mle] HE EFAGFSF 99.8%, Sigma-Aldrich) & Fel WHg
7lel dEv. BE g o= #9718 U533k o

U7l EI(JEIO TECH, UC-10P)ol B2 & 93 RvkE715 oF 202 ¢ 2535 A8 0. HAFH o=, 4

o
EE 7 @3k SRRy g3 1T -nin 9] S HEE 450 TolA 443 Ft st 7T

AN 2&= A ATAY HE B 2AEo] 10 Si0,: 5 TMAdaOH: 5 HF: 10 H0(H.0/Si0, & H]&o] 1)¢1 A

ALstie Al 13 sdatrt. ol 2AES "= T'eF skal A A(thick) 2= HEect.

o
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A7 AAld 18 B8 2L AEE VR & ey g3 g o]ty 22k A4S FEl wElws Alxg.
F&(H. Kalipcilar, T.C. Bowen, R.D. Noble,J.L. Falconer, Chem. Mater. 2002, 14, 3458-3464)°l 7]A%
ZAel 7% 100 Si0;: 10 Na0: 2.5 Aly03: 20 TMAdaOH: 4400 H,09] & H|E 7} NS AFgste] ZAld 1

o

HEASE KL g GEO D22 o 1600 2EFHelnc of oF FU SAAAT S99,
A% CIAZRES 200 cc -min 7] 55 atA 0.5C -min © S SEZ 550ToNA 1247F Eeb ahaAR
t}(Pluskolab, model: CRF-M20-UP). oi7]A 2x &S s 71Ha Ax A 7F(Cabot Corporation, M5
grade), 43l Fn] 5 (reagent grade, Sigma-Aldrich) @ FABI}EF(99% pellets, Sigma-Aldrich)E z+7¢
Si, Al 2 Na &2 ARR3}

olsl, & I w2 ANE Hr} GAs] Ay,

38 B dtgof wpE AAld 19 w2 Si-CHA ¥AHe] SEM ©]uX]|(a, b), ¥HA Si-CHA ¥A =7] EE=(c)
2 Ao AAld 20 wE Si-CHA 4AFe] SEM o]wA|(d)E HoF=iL, SEM olwx] ¢ 2AY v 10mE
BT},

%= 3a¢ = 3beE ZAE t(AA9 1, 10 Si0y: 5 TMAdaOH: 5 HF: 30 H,0)E AF&3}e] 155To A 42A4)17F &<t §
AsE dAte]l SEM olmAE HolFErh, ofy|A AR E A YRS yEla, SEM ov A= Materials
Studio(5.5 WA)eol 2l+= BFDH WS T3l &2 A9 JHAN AAE ZAIS}, A AbAQl ke o

fo

e H

>~
2

< (101) F¥e yepdt, o7]A Fale] Si-CHA Al&gtelE JHE Hol F= A0A A= oF 1-10m2] 5
2 JdEREEXE GA &0& 4 9lt}. BFDH( Bravais—Friedel-Donnay-Harker) W2, %= 3a2] AEolA &
T AT vkeF Zol, Al Akl "ol (101) W AHE ¢ F ok dA7AE A Al Si-CHA YApRES
Hef7t 3 E(N. Hedin, G.J. DeMartin, W.J. Roth, K.G. Strohmaier,S.C. Reyes, Microporous Mesoporous

Mater.2008, 109, 327-334., E.A. Eilertsen, B. Arstad, S. Svelle,K.P. Lillerud, Microporous Mesoporous
Mater. 2012, 153, 94-99., M. Trzpit, S. Rigolet, J.L. Paillaud, C. Marichal, M. Soulard,J. Patarin, J.
Phys. Chem. B 2008, 112, 7257-7266., D.H. Olson, M.A. Camblor, L.A. Villaescusa,G.H. Kuehl,
Microporous Mesoporous Mater. 2004, 67, 27-33.)°] Hilxo] Qt}. v} B wgoN= LAFAXgE =
3bell A s = AAIE JAEA SHE FHolA AT HAHE A Y= Zﬂ+o}°ﬂq f Z“% to]
oA o] IHA RS A W e dRE FdoE AT £ ANl A JA7E

< YEEES HRYE S B F1 o= AV & gelel AE vAPo}DP ﬁ%‘ YA A719k o
FFEAAE A7 4. 1ym7 oF 1.8melth. & 3dE 2AAE T2 4 dAHAAA 2)E BAFEd], o =
A= toll Wl H0/Si0, = HlES oF 1= W3 Zoltp. MBwute]lawvge] A R YA7F vre] dabe
Al Aok A Alx:E =, ol AR tolld IRAOR FolE 29 ol Y FHE 7 CHA
JAHE Axst=d o fFEleites AS Yehlls o g dvkEn,
A

% 4% Si-CHA Al&dtelE9] ®eo] XRD #¥(a), & 3(a)(b)ellA HolE Y=+ XRD #®(b) ¥ = 3(d)elA B
odF YAk XRD AW ()& el FA%E Si-CHA A|&ghe]E de] o] XRD HHe vy AXZESY
(Cambridge Crystallographic Data Centre, CCDC)E & oM Rl & o8] Bid Ags= 2
A AH 39(#201658) CCDC WAFO)Ee] A+ "request a structure"& &3l th=Z= 313t

R
.
(¢}

S FEAoR Aa" 4 A 9 WSS Si-CHA Al&te|lEe] w2 JeHE FAANATE 1S ofvshs
g, ol 248 T(= 3d)E AR oM Eeld 3 22 Akl osf s«

2 2 = S HAFa, = 49 XRD HH
Si-CHA ZA49dS FAAA Fo. 28y = 49 XRD HES JWA| Si-CHA A7
=
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=2 AR, e 2AE T2 FAT GAEA A 2)o ded Hd s A8Fdo=A, 4ol SEM o
3} S o]

s

A wzkAlo 2 FAIE o] SARD HRle A tiEa Aol HAH E=vh. HR TEM °|v]A|e] FFT 239} [111] 94
o =

=

ar k)
%5 g F98H 72 29SS HR TEM o9 (0) 9] oA & 5 ot
& 5afl i Pl &2 SAED e B AAF =% Si-CHA Al&eholEvts As UeEhdt (= 5b).
Eol Q1S wEC] RW, SAED ARl W AREFS [1lllolghs A4S & & vk, WM AW FS
© 29 SAED WjEle Aut wAddE, o= Ajkd [111] 24 Fo] Fade dehl= Aot
2

(@)
(@]
i
30 M M o oy

5a0 =AlE B AR IR TEM oW A& HofFErt. o714 HR TEM o]v| =] 9] FFT =
B A A e S wETh SAED 54 IR TEM 54 71Zste] AR faAol 45E AHE

= 6 Si-CHA A|&gto]E =9 SEM oluA](a)2} 3l4%E Si-CHA A|Sefo]E o] XRD ez}l tjEo] CHA Al
gZo]EZ 9] XRD HEl(b)S el 7|4 2AY vl LmE YERATE (Dol EE(x)E &3 dFvy o
2828 E 98 XRD ¥ AE Yepdl,

& 6as 2o Ad S e Tl I v dFvd el S Si-CHA 2" SEM AW (top-view) ©]
kvl A

BAF Si-CHA dAtel &) do] duy= AS

2
Aol tFEe] Ui GFuL} FHo 2 al

gele & vk, F3E Si-CHA YAke o= A% 535S xdstes #@yd zlo] E9sitt. AW s}
tzz 3W Afelo] Aol o Fol EASHARE & IHAl JAF vaa gxHoR HIskeE s g ow
Asst AE yEpATE. ol HEA 2ES FIl o H2 e I YRE & EFAy fad EHE
A or FH= 3o] 7hssithe S ougtt. 53] 4Ao] ¥ A2 Al dA(12m) = Lup dF
U g9 e olu HXg @Ak oz Yols XA gevh, w3k 34k Si-CHA gAe ¢ 4Ry faa
Atele] EeA AeAgwony e S5 AT F qdvkebes Aol B dde] veA Hilole & ol
ayrg A&gpolE iRkt AAA Atole] ojugh s}EAQl AF¥E HaskA] i FHo wdd 7w W
ol 2&3 o] g 3}t Z=ZWA(J.S. Lee, K. Ha, Y.J. Lee,K.B. Yoon, Adv. Mater. 2005, 17, 837-841., K.B.

Yoon, J.S. Lee, K. Ha, Y.-J. Lee,Y. Chang (Sogang University), WO 2006/001648 Al, 2006)3}%= & =}o]7}
Atk F Y TE AN A& Si-CHA AT}l E S SEM oAl &S F7H SAHE & 79 2
. o714 e al)olARE ad)E, 282 bDOAFE bd)e &2 IA § Holu AALutE= 5umo]th.
wel wiEyd e W AR A e o 2 HE 7R 9 Si-CHA & FHe] w3 VAR
WHol gt o]l & 38 SRS, Lee, K. Ha, Y.J. Lee,K.B. Yoon, Adv. Mater. 2005, 17, 837-841.,
K.B. Yoon, J.S. Lee, K. Ha, Y.-J. Lee,Y. Chang (Sogang University), WO 2006/001648 A1, 2006)] <& &
dd Aok ey o] 318 AjfEAs B9 WEal 13 AlSeto]lE §ixet 7] Atolof dfo]=FA 7
o] HIMS X3 F7HHC SadAR Qs FdSAT SFEATE B2 Holy sty om FE Si-

w zol7h glth, AAlz E FHoze) Si-CHA PR HEA S Alojgdozi = 6a
= of, st AFEAS AMgFoEN W MES X

()

H

T3 = fave B 2 AAUF gy dEny g Had o 2 i SEd e RolFra we| gk

Ae ol F dvE AS HoFErh. = 6bell 2o A&sh XRD Al Si-CHA Z®So] Wé wake] 2l

hopa oz wgE AL FAAA k. T 6acl =AE Si-CHA & W hoh wiFAAS AWdety T 4

ATk SEM 57443 XRD 54 ¥ 22 Si-CHA Aol W2 W(basal plane)o] (101)Weo]il = 3o Z=AFE ¢

WA Si-CHA Aol | Z2ohe A& vebdoh, B3k [211] 24w (zone axis)dl <1 A (101) HWIEY

7+ 6.1° Qdl, ol= 6aoll =AE & ¢FuL tixze] mHel 7o des A FFE fAe] WHol
o]

j
o - ~1- | =
(101) Holgh= AMES Skt da 22 AAEHE 42 SAED el kA AxZRE A& SAED )
A |
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Tillmanns,R.X. Fischer, Am. Mineral. 1984, 69, 186-189.) % SAPO-34($Fe 3+ 3E|e] AIPO-FulnlolEe] W
3e 53] AdoJA)(A. Albuquerque, S. Coluccia, L. Marchese,H.0. Pastore, Stud. Surf. Sci. Catal. 2004,
154, 966-970.)¢] AA Ao A Bie A} FAFSIhL B 4 Q).

3k 89 I (MRs) ANY(0.370 nm x 0.417 nm)& aZF 3 bF BT EA8L7] wjioll, hoh Hol| 42 ke §
A 2 (MRs) AMEL aFH bFoll sl oF 47° A= 7]t whebA] vk A3 wigdkE Si-CHA S o2 5-H
oy el A3} Al (epitaxially) 2+ A3tchd | hoh wigkE CHA ZEL 7I2AE u) Egdiof He doje aF EE
bFo| | W wegoz wigHAS w 7]FS T8 o st dolol wls] oF 1.501d Holth. wiEA T H
9] wiskA S AFF3Etr] 98] CPO A 9=(crystallographic preferential orientation index)& A4t T, 370
o] Mz e MZ2HE AXE (PO, ™ AFE ¢F 2480193, o)l We whako =z hoh-Ho] A s Ay
H AL yepdg

TS, SAEe] FAY WIS ¥ sl dvE e 1, = 6a9 & F7F A% (inter—grow)Al
7] SS7-13 A|&2Fo] E(CHA Bl E W=E AL g Al=g = v,

BN
i °
>

A 2 g XRD ¥
Jul ], & SEM ojujx] = &

el ER = Eake KR =
T

A& 7Hsdol el

el

=l

g s
e

f
o
M
o
T

R

R

H

w2
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=

rlo
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o
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Particles
in Figure 1d

Particles in
Figure la and b

b U
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= Simulated
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(210) (ZUZ)H i ‘]
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“a

(2To) (003) (202) 5

b) (101) 4 Y ¥

e, ST ¥ CHA zeolite

© i 2 layer
o 2 theta (%)
= (270)  (003) (202)
5
= 1) ey
B
= Calcined CHA
E zeolite powder
(=}
Z

(10
(2fo) (20T (05 )
(10Z) (202

10 15 20 25 30
2 theta (°)

(4,5
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