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AIESDA & XA T 4 MEIE O EAE AT
AT

C/IN WA IR A

NAT)AEFTA FPOAERICBVT, EHT I v oM iEiEmA (Structure-Directing Agent:
SDA) BH VLN TWA, BF T4 MESMEDOE, SDAMED X HI/EM L, BRI SR %2
BT 5 ONFEHIIH O TR, ESNTVAHIE v, BEANMR X, % “HEs0FFTox”
THETZZEPMETH Y, TOAXRT b, WEORITHEE 2 UK K L T % O TR R
HrOWFFEIE L, MR OIS R0 T OB IS 2 M b b, 22T, AMHTIE &
WZFEARNMR Z VT, 2RO R L 5HHSDA (EV Yy, EXYIYY) 2E&BNALY ) 72T
FAMEETFTIVI, KA NTANIMHEERZHIT L, SDADT ¥ 7L — MEH &g bl
EHOPICLIERERNT S, ¥V P VEELT T4 PP TIRICHILEHE L TW 52, EXY T i
vy —hFt e LTEKLHE LEINWPELZ RO SDADFAEEZR LI, ¥R Iy 2 HWT
AR L72H MFERIE, €)Y Y ZHWTHAR LAFER X 0 i BUKEENL M. Zhid, ExY Y
Y FER IS L D 2  OfEERIa R L7z L&z bz,

F—7J—F:¥+54 b, AHESDA, BEIANMR, 7 FHLEzMHE, MM
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HESDAZEHTHEL T4 Mz, chE
TXRD, NMR, 7~ 4, EHEALFESEICL D@
Wi 2 igEsEshcws 7, @HfTbhs ¥
* 54 bDPSiB X UTAIMASNMR Tld, B
FEAIREB B D S FTWEATRETH D, Si0s DS
1 (Q'~Q") ®BLAl R BB 2 MA%E S 2 %
A5, MFLICHFAET 2 50 1 L s & O % 38
W5 LIIHHETH S,

SDAZ &Y+ T4 bosMple LT, Bz,
*Si CP/MAS NMR 12 & 1), Si-ZSM-5 & & ¥ @ SDA
(F NS FUUELNT VY EZTLNFF V) £V
r— b EOMEERZRMCBNLY, s, ®
AL 1 > BB FHIE VRS & 2 2 KIENMR™ ' 12
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—7, ABESDADFEMHIZ L - T, SDAZKEL
BT HH BEF T4 N OBUKYEB X T8 &
VDS EZ 2 EHWMESIRT0E Y, SUAIOK
& Wy A ¥ 1) 4 FER (HS-FER) @ & )% T3 A ¥
SDA DIRMALIHTH Y, SDALLTEY V%
W TH M L SDA & BEMk Fr 25 L 72 H™ B FER I3,
SDAICERY Y v 2 HWZ3E L ) b vl s
EWERT B EOIMHIEIIMTE V. HFEH O, 2
NETSDAZEAHTAHEF S A4 MHDSDAGTTD
Wi 2 AT L, SDAD T > 7L — MM &R %
FEALDOB#EE ER L TE o AMH T, BEAE
NMRWEDB & OG5 FHERHOFRICL Y, B
5SDA (B Ty RUERY YY) ZHOWTER
L 72 HS-FER ® SDA-¥ V) 7 — b OM EAEH 0 7%
HAfENT L, SDA &4 HS-FER OFf & B 5 2012 L
PR BRAAL, BOEF T A @Y
IZOWTHik~R3%,
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2. EANMRIC & 2 ABEEFREH 'Y
2.1 SDA DIREERRMT

2 Fli 3 7 HS-FER H' @ SDA O IR B % [ & NMR fi#
M L7 &FE, 7ELT 7 A3, NaAlO,,
NaOH, KB L U2 DSDA (K VY, EXYY
V) D)L= REL, KEAEEICEDIRL
7217, ¥ ¥ ¥ (Py)-FER Db 3 1% Nay 1 SizsAly,0n
(CsHsN) 39, ¥R ¥ > (Pip)-FER 75 Nag3SizsAl 1072
(CsHN) 35, SVALIE 1E & b 1232, Na/Al It 13 Py-FER
A31.0, Pip-FER $30.26 T - 720

[ 112 Py-FER 3 X UF Pip-FER @ "°C CP (Cross Po-
larization, 28 7% 73 1) /MAS 3 X U8 'H MAS NMR A «X
7 MIVERT, lFHE, | T24 hE PR LK
WP L 7218, @BHEKRy 7 A CRELAE L 72,

Py-FER 3 X UFPip-FER @ °C CP/MAS NMR A %
7 MV, HAEY YV UBIUTERY YV UANRE S
NaE—27 2Bl shiz, "c¥—2 o5,
FERMIFLH ISR A2 0D R 2 L ) ¥ V45T
PHEAET D720 LEZ BN, XRDIZ K 2 ik
AR AT, YV, €454 b
DY T )= EKERKET S E HNMR O~10 ppm

(a) ®C CP/IMAS

Intensity (arb. unit)
G

4
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Chemical shift, ppm

(c) 26 435 "H MAS

.:g
Fel
s
2
3 | (d)
é 26 3,45
£ * *
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Chemical shift, ppm

1 74 #SDA @ %7 % HS-FER ® °C CP/MAS 3 & OF
'HMASNMR Z X% bV : (a, c) pyridine-FER, 3
L O (b, d) piperidine-FER

CESABIN SN2 'Y, Py-FER TR OY — 2 s
Bl S, €U Yy aTFHERY O HOAKI S
N, FNd/AILL10THAZ D, EY TV
T4 Mg L BT RICT ) — 0iRIE
THIFLAEE L Twab EEZ b5,

—7Ji, PipFERD'H¥ — 271, ¥~ I V5T
FE s, Py-FERIZ HASIRAYE < BREEDTHH .
JRVHRRIEE, AR T EAER AR & W & 2R
L, SDA%T® 'H-'Hi#E O (R &% 'H-'H
PEEEIE, Y)Y UA5250A, EXY Y UA183A)
(2 & 2 "H-TH AU TR AR & A S 7z,
o XSz, FEKPCH X U'HNMRIE, HHESDA
o URAE) OBEEBSSERTHY, Zoff
HEIREXHLNIZTE S,

22 EFATA FEIRIEEDEN
HS-FER O 5 #%4 7% % *Si NMR (2 & 0 f##7 L 72,

#Si MAS
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Chemical shift, ppm
X2 A SDADR% B4 2 7 FER D Si MAS 3
X U"PSiCP/MASNMR A % 7 |} JL: (a,¢)
pyridine-FER, 3 & O (b, d) piperidine-FER
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% 2a, 2b I Py-FER 3 & UF Pip-FER @ *’Si MAS NMR
A7 N VEIRT . Py-FER O Si/Al M 341%, L5455
B2 & B —FH L, —105ppm D 7Si¥— 2 i3 Q*
(1AD) ~NJg| s h/z. —7, Pip-FER ® Si/A1IL 191
bWtz L 87 0, £ 72 'HE O 7si %
JEZ BT fE 2 CP/MAS Il % T = 105 ppm ¥ — 27 @
BN RO SN &b (M2 2d),
—105ppmZ EIZ ¥ T 7 — NV #k (Q°) ~D IR I8 A3

250

200 |

o
o

o
o

Intensity (arb. unit)

50

0 2 4 6 8 10

Contact time/ms

Intensity (arb. unit)

0 2 4 6 8 10

Contact time/ms

M3 NAYUHFERDI Y ¥ 7 + ¥4 212k 57Si
CP/MAS NMR ¥ — 7 i FEZ5 4L © (a) pyridine-FER
(@Q*(1AD; O Q*;[1Q%), B & U (b)piperidine-
FER (@Q%; OQ*;[1Q%)

EENT MRABO-1128 X 0117 ppm D ¥ —
ZiEQNEEE N, QUL (—105ppm/(— 1123
XU =117 ppm)) 1%, Py-FERA0.13, Pip-FER 4%0.27
TH Y, Pip-FER TIEEAKFFICHEEXRKED Y T /7 —
WEEDPER LR T WEEZ LMD,

2.3 SDA&t# 54 MEROBE(ERENR

WIZ, SDA DML T ORERE 2 N3 5 729,
HHSDAGTOHE XL T4 MEHKOSIIZERL,
"H-Si M D 2 2R AR (7)) 0 5E 247 - 720
312 Py-FER 3 X U Pip-FER @ CP &AL 2 7R3 o

"H-Si ) 0 58 2 R AR 1E, PSi CP/MAS NMR
HWEZT, WEDa s 7 ML 22K BE—
ZERIEZEALE D B L7z BIRRE, A (1) 12
vy 32— LT, REBMEEE (1" L@
B RAD TN R kD7, M) B — 7 g%,
EEPZ AT FEN T = BN

_ M, -t |_ —t
Y0 {eXp(Wj . (Tj} (1)

I= TIHSi/T]ﬂH

CP BT oAb InE DR 28 b & 7lab L 72 Eid
KD T B8, WIS L ) @ ko
MBS, avy s by AL LNELSRBET"
5 U7 b o s & B C & 20 SRR RE[H]
(1) 13, REGBEOBABB O RITAEA S
N, BMLUCEEIE I - T WA % 'H-Si
HEES I NITE NS 2D, T2, REEERD
7, E, Ta bk OEE R T 5,

112, Py-FER B X U'Pip-FER 12D W TR 72 %
Sit—2on™Bsr0n, 23w, 1,3, ¥
NYYUPE) T LD b 1/T~13F . TR,
YUy ¥R Yo H-TH RS TFAHE AR o6
KERMLTWE, ERYIVDRAFL vEEYY
VroXNVEVEOTO R VIZOWT, ROEW
H-HEEEE (2385 % ab initio 3t X D B H) Oto

F1 W BABESDA #HWTERM L7224 Y 71 FER O CPF2BRIZ X 2 AR [ 30 2 465 2

Pyridine-FER

Piperidine-FER

Q4 <1A1> Q41 Q42 Q3 Q41 Q42
7,"/ms 1.02 1.10 1.20 0.36 0.35 0.41
T, /ms 20.0 23.0 18.7 3.0 5.9 5.5
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67, (dpiperigine/dpyriaine) * 13RI 1/8 TH V), BEAFEW &
N72T," OREFHNTE 5, SO, Bk L7
'HMAS NMR A % 7 L O #lE A%, SDA % T O
"H-"H B 038 S X 2 RO TR A AR & o
LT EETFELTHRV,

RAEBAMOBEER D™, (1) KOS 55
&, H & SilEF oAU EAERIC X 28RO
KE—A Y PMSICRHIEBT 22, F72, MR
MO IE, A Y HBEEO 6 F I BT 5,
Q,Q'¥—2 X b2, Pip-FERD T,"'1x, Py-FER®
fEIC 1B FEEE RV CP il 5 RF I Hartmann-Hahn
%Ak %3fi72 LCH Y, Pip-FER & Py-FER T 'H-"’Si
DS EHUTIZH URETH 5 % 51, Pip-FER &
Py-FERT O T,"5'® I (~3) 13 M,"™ @ Ho (0" ericine/
M igine) TH Y, 2 F Y H-Si B P2 Bk o
W (dpyridine/dpiperiaine =3 °~12) Z KL TW5B L # 2
bhd,

Pk, v ™ oPip-FERDIF ) H3EW 1™
D Py-FER &V, H-SiH OV HEEA20% 13 &
LWz b,

3. HTEESTE £ AV - EEERER

NMR THIHl & N7z REERsFHE/EHOKRE S
DENEIFNTT 5728, SDAGT2EHTHES
SA4 DT NEEZ T, JERBRIG SR
BD ab initioB\Z X V) SDA & ¥4 T 4 B O A
Hadixize €454 DX RRKERILAEYOF
FIZBWTIE, FHHICHW 288 %€ 7L O,
VRELFE T X =8 QR L) T 5H
WO IEHICEETH %5, Py-FER & Pip-FERD 7 J

Ay —FT NI, FEERERIIEDOEEF TS Fo—
a8 h ML THEXR L, abinitiorl & 13,
Gaussian03W" % Jij \» T B3LYP/6-31G* 3 /5 B 512
BQUETROY

M43 5Ny T A5 —FEF NV ORERRE 2R
Fo abinitioRtH LD, EXRYV T AF ITEL T
A PERISEE L, MERIERERET LI LN
Gy, AFF e EmSHEERTAI L L
FIF LRV LEzdoT, BY Y ridEICHIFLAE
LTWwaZk, BXUOERY D VEAIT vy —hF
T ELTESTA MEKOAITA b B L O
KM EAEELBRMNT VAL TWD EHEESI N,

75 RY —FTFTIH 5 RD 7 H-Si [ 0 F- 34 i B
&, Py-FER %%3.4 A, Pip-FER 2529A T & V), Pip-
FER D13 9 AYH-Si [H] O FIgHEEA ) 16% F v 2
hig, JEICNMRO 1" & ) Bk b - 72 Pip-FER ®
H-Si [ O A Py-FER £ ) 20% 1 &2 &
LIBIIEST D, DL, 79X —EFVEH
W7 IEREBRIN T LEEN S, R A M= A R A
AR 2 @ BN L, WO REFHTE S
FHEELTHMNTHAZ EDWLNTH S,

4. MMEKZEEM E1EE & OREME

SDA % BERLBRZ: L 72 H ' # FER D #ok 2 w1k &
T & o B & JH 72

K542, BiAIRECTHIE L2 H BMFER (SDAIZ
¥y Y v %&Mw7zH #FER (H-Py-FER) 3 & O°
SDAIZ ¥~ ¥ ¥ & F\w72H #FER (H-Pip-FER))
D 'HMAS NMR A7 MV ERT, Bl &N 18,
24BL P43 ppmDE—21%, KHA2T T )=,

4 R b L7z SDA &4 HS-FER E 7 )L © (a) pyridine-FER, (b) [Al-O] ~-piperidium 7 % >, 3 X OF (¢) [SiO ™ ]-

piperidium # F % »
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Intensity (arb. unit)
}- '

10 9 8 7 6 5 4 3 2 1 o 1 -2
Chemical shift, ppm

5 BiACKRIE THlSE L7z H B FER @ 'H MAS NMR %
~ 27 b W (a) H-pyridine-FER, B & O (b) H-
piperidine-FER

Ak AL B X O Bronsted B8 21 12K &3 4 HELIZ IR
SRS, V5 ) B I UERIAIOY — 2
B8 %1% H-Pip-FER ® )75 1.5~2.5f% K & {, Bronsted
R 15 ¥ — 27 I3 H-Pip-FER D J AE R/ S v, &
hiE, PSiMASNMR & U k72 QY Q e X 1 7Al
MAS NMR O 4 il fif Al ¥ — 7 3R 0 5E W\ & 4
5o

1273 K O KR BJL B # T o e F ikt 1, H-Py-
FER %1% & A & Z L& § (290 m’/g—292 m’/g),
H-Pip-FER 12290 m¥/g #* 5250 m*/g & /N & & %= 1,
YF T4 MEBOWELIHE SNz LDt
T, H-Pip-FERIZ, H-Py-FER & O 3 i £k P A3
<, H BEIFER O Bk MM ERGTH B ¥ 5
D= VHEREBLTCWDEILERLTWS, HidkL
72X 912, Py-FER & Pip-FERIZSDADF > 7L —
MER LR AL DO B R Do BRI E
Wi, Pip-FER AR & 0 £ < DR K Fa A A
Liz7zotEZ bz,

5. DEREA T AADISH"

ABESDAL LTTF M ZFNT VEZ Y LKEE
L2 CTERLBEF T4 b (Si/AllL=24)
22T, [EANMR ® 2% 7ENMR % 'H-Si ] 35
FOH AL OB FERR R R SE A &, A K SDA
LEFTA NOMEAEMZMHT L, HoliiEE x5
P LR R E T %o

FU®IZ, 'HSi B & 0V H-TAL2 TG NMR AT
AT o720 AT, B T-RBTH v 7)) v 7
ERHALZHFETHY, 1nm AT OREHAE SN
%", pEF T4 FOMALIZ0Sm U FTH Y, 4

B AL Laasd Lihas Laaa hinay
-80 90 -100 -110 -120 -130-140 -150 -160
ppm

X6 A & SDA (TEA") & HLEX F I 4 F D2K T
'H->Si NMR 2% %7 bV

400

(@)

Intensity / a.u.
N N w w
o o o a
o o o o

o

(o))

o
L

N

o

o
N

o
o

450

400 4

350 A

300 A

250

200 -

Intensity / a.u.

100

50 C"Dn-n.

T oo
o 2 4 6 8 10
contact time / ms

7 #HHESDA (TEAT) BXOH #pE+ 54 hoa
Y7 A AIT K BPSiB L OTAICP/MAS
NMR 3 2 4L : (a) *SiCP T4} (@Q° (TEA™ &
A s OQ (H™A)), B XU (b) AlCP B
(MQ (TEA &AM s JQ' (H™H))
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TOFRIEL & HRDTOMBEAER B & %
ZoMNB, FM6IZHPSi2%KITENMR A XY ML %
R¥o HNMROTF NI ITF VT Y EZY AAFF
Y (TEAT) ® A F V3 & PSINMR D Q' & % 3%
¥— 27 BLXUTEA " O AFL v 3ELQDSIO & D
R — 7 P SN, TEATICIE R ED2
DOHFAEREND D, ¥4 54 M FHEOSIO ik
& TEA  OMEANEM, BIUTEA 23E+ 4 Ml
LORT77 47— LTHEMFHLTWS Z & %R
FLEZ N7z, 'HYAI2KITENMR A X7 b VT
i, TEA"O'HY —27 L B D4 Al & DK%
¥— 27 IS, ALEEEIZ TEA  AEAE L, TEA”
BELTITA PEHOAIZEMMEL LI L%
Ko

TEA  &4p3B X OH % 'H-7Si B & 0°'H-Al
ZEFEREHIRE R L, 'B-Si B X 0°'H-ALCP i
A E L7 (X7a,7b)o TEA &HLDITH ASH'
RIpE D b Y — 7 MEEAKE AR O FFEA M
W2k X, CPTOHBLIZTEATISEEL, ¥4
4 FEKDSIO B X AL TEA DM EAEH A

ENT,

L7255 T, BR2RICNMR DALY 7 AR
BLORERMREENE XY, pEL T A FPPICHE
HOSDADAEIET 2 WHREMEA /R L, ¥4 T4 Ml
LOET 74 5—, S0 LG LITEA BLUE
¥ o> Al 2 BRI LT\ B TEA  Z3EE L7,

6. BbHI)IC

ARE|TIE, HS-FER DGR TIRINT % SDA D
BEREF T4 ML OMBEMEHIZOWT, Fk
L CREARE 5 HENMR ;& VTR, SDA O3
WS T A P OREMER B LT RIS
DT WLl 2 & T L 720 2 4E, HS-FER
DS OEREF T4 M2BWThH, oz el
a9 % ARl 0t & 52 B REE R o Tw
5o

SRS L 22 EARNMRIC X 5 55 T—F & o 5
AFIZAMMERHEY I 2L —va yEIHVT,
YA T4 MERITKIET A SDA ST D58 % i
N5 PR, WA%OENRZEL T4 PERDD
OEBERMABE LN fEEEZRLTEY, &
#%, BROTVL— 7 ANV—FiE LT, FEzEsr
T4 MREE T4 b ER= LT DREREME ORI

=1

WZo%hbZ erlifFshs,

# OB

AL T T — & PR 3H 2 TR TR 72 (BF) 3
V=it vy — B XY — (k) B B IF 28T ©
T2 Wi L R E 9,

Xk
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A. D. Daniels, M. C. Strain, O. Farkas, D. K. Malick, A. D.

Structural Analysis of Host-Guest Interaction in Zeolites with
Organic Structure-Directing Agents

Hideyuki Oka
TOSOH Analysis and Research Center

Structure-directing agent such as organic amines is used to synthesize the high-silica zeolite. To clarify the
properties of the H' -zeolite, it is necessary to understand the structure of as-synthesized zeolites, that is, it is
essential to understand the functions in a template and the stabilizing role of the SDA. Solid-state NMR is well
suited for investigating the local structure of a particular zeolite with an SDA because these spectra are sensitive
to the local structure of the sample.

In this study, we mainly conducted solid-state NMR analysis on high-silica FER with different SDAs, pyridine,
and piperidine, and have quantitatively analyzed the SDA that interacts with aluminosilicate. Relaxation
experiments show the results correlate with the bonding property in terms of the distance between the zeolite
framework and the SDA.

While pyridine mainly acts as a pore filler in FER, piperidine, which is adjacent to the aluminosilicate
framework and framework defects, acts as a counter cation to balance the charge. The H'-FER synthesized with
piperidine shows low hydrothermal stability as compared to that synthesized with pyridine. This can be explained
as being a result of the formation of framework defects during the synthesis of the FER with piperidine.

Key words: zeolite, organic structure-directing agent, solid-state NMR, molecular orbital calculation,

interaction

Copyright © 2013 Japan Zeolite Association All Rights Reserved.



52 ¥ F 5 4 b (8)

(B &)
?ﬁn HH

4

RSN & 5 AR S 2R 2 vz w
Y+ 74 MERK

AR - BAREE G - RABER

BRRY RFFBELFRWER ALY A7 5 T5HIK

Y+ T4 MEBRICHIE SN2 GHEIEEBLEA] (OSDA) 134 iSO AR E TR LT
A, TADM - BREAMNOEALEZ DL, TOMARIBIERINLE ZEPLFE L, HFE, ik
ERINE 2 V72 OSDA Z A L 2 WA A IR W THIE S WEH 20 Tw b, RFHTIE, HR
FRIEIC L B IEDOSDA Z WA WAKICOWTEIL L 720b, HH OGN 2iET o7

(242 % L 72 [ Composite Building Unit (CBU) @] 2OV TH#H T 5. CBUMRHLIE, AN Y A4 T
4 b EFERRIERIS TV BN XS T4 b EORIZHEO CBUMAAET & 12 A
HETHDH L L7RHTH S, CBUNBMIREDO T AR T 5 L IEZ, CBUKHIZHD { ZSM-11, ZSM-
R2BLVECR-18 2 EDFBIZOVTHNT %0 T2, REREZ BT 256 OUEEMEARGEE
Lo THLNLEELT T FOFFBIZOWTIENS,

F—U—F:E¥FXTA L, G MRS, ARREBER, 2RIy PEVT4 v 7=y b

1. Lo

A T4 b OFHEE B 206 HH Y 2B A,
ERBY) TEIHWABTTVWDE, ZREFESHLE
KRERED G ITRETH B DI, Ty FEAF v o~T
OEBFDEALR LN LD DTH DA, Lhbiy
FHAKEVEEZ LND OBk~ AR SRS
#il (organic structure-directing agent; OSDA) D1 J§ T
Hbo EXr 4 MEHOERERL E, AR (LTA)
% X, Y # (FAU), mordenite (MOR) 7 & ¥ & B
Y454 MIOSDAZHWFICAREINTED, &
h%@fﬁ?4%@1¥%ﬁﬁ¥&&%%@of§

~ﬁ EAEGR SN E 2 E 584 T
A MEIEEVOSDA DAV TH 5 b DAslT L
/V}:T%Zgo I HIZFRITKRAMAL, A 20 AAK
L EORMERODONE L, Hlo RIS
NTWws, L2 L%u2ss 8k L 7- OSDA I3 &l T

ZHH 201344 H5H

T808-0135 LHIX AR 7-3-1

BRHRF RFBELERIZER L5y 27 2 LHHK
E-mail: okubo@chemsys.t.u-tokyo.ac.jp

Copyright © 2013 Japan Zeolite Association All Rights
Reserved.

HHENY TR, AR 7Ot 2BV TEL LA
B E B, AWk D OSDA B2 D 72 D HERK
BT ADWB R EBLEL R D, TDD
OSDADFIHIZHES) HEFET A FDBR, T7aX2AD
JEMEAL, SERBAM AL CIATHTH L, T,
Ty FEAFTRADNOANTOEROFMT L, FE
JMEICIERE B N—FL e oTwd, TN
M2 BIX0SDAR 7 v A+ v EHWRWT VI )

Y= PMEFITA FOKREORBSEFEF LT
%2,

2. EFEICH I IERERERMEREDER

I OSDA DS E ST wizEt T4 b
%, HWET2EXSA PR UMEEATLEF
FAMEHRRELTRMTSZEI2ED, OSDA
AT AL AET 2RADPRE SN T
%o ZOJEEIEEAM 7 OSDA # i3, A&
B OB R BE I 70 E AU TH DL Z &
5, TEMIMMEDDH B EF T4+ ORAMiH SR
WO ARERFEE LTS Tw b, Hh
i, KRLEEOH K, Aot olfs &%
HElczn g eI SN TE LD, HEoEr s



(9) Vol. 30, No. 2 (2013) 53

4 MEARTLRICHEESFA MO ERINT 5
AOHES VS NT &Y el O RS S TN B
FOWER L 7 - 72 D13 2008 4E12 Xie HIT X D #Heii &
N7z F 54 Fbeta (*BEA) DBITH 5, betald
AT AR5 B O fil %> 1 B HL A7 A AL W A 1) &
LCHUER D LEMNMEDORVWEF S A FDED
THY, FISTFNVT VEZT LR EDOSDAND
VIETH Y DS, ELENT2HbRwESF
FTAMTH Do Xie b D LIZBWT, REZINT
WU VORI (Si0,/ALOs ., Na,O/Si0,
&) Ci%@fﬁ}‘:@MajanoBS)'@ﬁi’i’ﬁ)@iﬁﬂﬁ&
IV R RSN, AU T o WAl
AL S OB, R OFEM R EABH S MRk o
7oo BUETIEHHM L CBIE Theta 2135 Z & A8
TXTBY, KFFEIZI S N7 beta lZ1K SiOy/
ALO;IETH A Z &, G & R L THFLEREAS
BIFCHrI LM ELTEITONG, T72,
F % 13 OSDA-free 51 TH K L 7z beta & X & (X FlAE
e LTHHTRETH L Z 2R, ZOHBEICE
D & B & 172 beta & Green Chemistry 1 72 5 o T
GreenBeta L % L72%, ZHIZE Y, OSDAD L
YTH DDV OTRNGREDORTH Y, LI
13—Y)OSDA Z MFE L L7 u -t Ao FrkE
DRI NIz,

ZODH%, FNFE TOSDADYIHTH - 7-fit DE
4 74 D OSDA-free FILAFBRICTTRETH A Z &
#wﬁénfkb FERS SR 13 beta 12 BR & 373

TEETHLH I EVHLNIR ) DDOH %, Yokoi,
Yoshioka & 12 & 5 TTZ-1 (RTH)”'"” O #iETld, *
NETERDPWETD 2070 2 ISFEICHRET ST
Ko 72RTHHE X A+ T 4 F3HEH SN, MTO X
BBV T TR VGEREOE S L THET
HHILERRLIZ, EHIT, FELLIZHRET 525
1K SiOo/ALO; e D A i A3 & 112§ \» OSDA-free
AT B VT, [AIl-TTZ-1 1FSi0/AL0; =82 & \»
5, B W SIO/ALOs LB B LT W 5 HIC B
VT BBV, Tk ik zsM-12 (MTW) Y
8 0 OSDA-free & B 12D W THE L 720 ZSM-12 1%
REBEOI1KIGHILEETEL TA N THBD, £
NETEAFNVPM)ZFLVT VEZT A RIEO LT
% OSDA DS TH 5720 DM, SUZ-4 (SZR)'
%, Levyne (LEV)™'* 19 12D 0w T & & 54 R Dl i
WCEDEEPHMEENTWAD, Yashiki b2 X 5

Levyne D& ' 1d, YR ¥4 T4 P& BR & L7
bOTHY, ZRNEFRDOET T A P OKBEUTT
DEEEDEEFHAL TS, Thbb, S0y
ALOHAFDEWIZ X D, HifkE S & LT < Levyne
AR T TREESEN A YR I D D RETH D
LERD, —F, HiEZDHDIZOSDA ZHWTIC
BRTEETH DA, F 7 4 XZSM-5 (MFI)"” %
INA D) 7 ferrierite (FER, SiO2/ALO;=29)"® &\
7z, OSDA Z W ITIZ A L WiFE 2 Fio 72
Y+ A4 b HMRESRINEERHT 228180 &
KATHETH 5 2 EAME SN TV 5,

F7o, FEHE LT beta DEBRIIB VT, MO
IINA S & o THE LI AT O I 5T B OB 1
AL WZ &% < Vit BEMANMR, B X
WIALF—XBEPIC L D ERLTwE ",
NOEWE 2, VOB XY AR ChiBRE
AR R B &N, beta 2K E L T %
LOEBENLZENTWD, FifGEES—EBERL TV
52l HRIEEI, betalIFRAF L 72 FlAE S I 2 5
EEELTWS EEZOND,

L2 Lahs, TOHECEAEL T A bk
BEOARZIZWSPICEN TRV, EESIZZH
FTO—MOBAMES" B, MEHOR
H MR EEINEZRINT L5 V20605 F
T4 b & OREEMBIME, RSOV TE
221, FRESRI - OSDA MEFRMB:C & ) S Hkk ¥
F I 4 MEEESBRTEEICT 5 20 OEEIRF 2L
L7, ZOBORMBEHHRFCEY, ZoKHC
HEONWTEHERWREREF T4 MHIZ—E DB DIZER
EINT, IBHHEFASIENZ ED SN ) DD
Hbo MTICHA DHE LA BBV TS
b

3. betaDER EHEEDRE L 2IEERD AR
RS AR X 0 beta 23E KW HETH 2 SUS T
VA, ARSI IS BRI KB 2479 &
mordenite ¥ 5- 2 5 S L AW ST L2, B,
A mordenite @D & A3 il AL 3 2 MK D UG 7V 12
beta fliAG d Z M 5 &, beta DG EIRE Z %
DTHHIN? COFRMPPLPITH S BWR
D, COGMEDOEZL L EMIZHNEETSH > 72,
COMHEHES T S22, oA
SRS SOWIMA R 2T Lize KAHFIIBVWT



54 €t F 7

7 days

M

3 days
_______.____’_______M
mordenite simulated

lll ulll L_h. " .1 ipda

5 10 15 20 40
2 theta (Cu Ka) / degree

Intensity / a.u.

Fig. 1. Evolution of the XRD patterns of the product from
the seed-free gel with hydrothermal treatment at
140C. Reprinted with permission from reference
20). Copyright (2012) American Chemical
Society.
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Fig. 2. Evolution of the XRD patterns of the products from
the gel with mordenite seeds with hydrothermal
treatment at 140°C . Reprinted with permission from
reference 20). Copyright (2012) American Chemi-

cal Society.
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Fig. 3. Evolution of the XRD patterns of the products from
the gel with ferrierite seeds with hydrothermal
treatment at 150°C . Reprinted with permission from
reference 20). Copyright (2012) American Chemi-
cal Society.
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Fig. 4. Ring distributions in MOR, *BEA, and FER.
Reprinted with permission from reference 20).
Copyright (2012) American Chemical Society.
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permission from reference 20). Copyright (2012)
American Chemical Society.

Table 1. Effect of different seeds and CBU in products.
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Fig. 7. Evolution of the XRD patterns of the products with
hydro-thermal treatment at 160°C. Filled symbols
indicate the mordenite impurity. Reprinted with
permission from reference 20). Copyright (2012)

American Chemical Society.

20h
5
© 15h
>
G
g 10h
=
. 1h

ZSM-11 (calcined) simulated

N l. AlJ;lAlALIL lnl...,LllL s

5 10 15 20 25 30 35 40
2 theta (Cu Ka) / degree

Fig. 8. Evolution of the XRD patterns of the products from
the gel with ZSM-11 seeds with hydrothermal
treatment at 140°C . Reprinted with permission from
reference 20). Copyright (2012) American

Chemical Society.
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Fig. 9. Correlation of common composite building units
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and MTW. Reprinted with permission from
reference 20). Copyright (2012) American
Chemical Society.

PHC ZSM-12 D& S AL ASHER S 7z '

% 72, beta @ polymorph B D E IR 12 BERIZxF L
TIHEE AT E MTW D ac il b AT 2 7 VIR —HE
WEHTHI ™, GMhHi %13 beta B> 5 ZSM-12
~NOTERALA R 22 2™ F7-Fig bR L
72CBUD MDD 5 2 &0 5, ZSM-5 2545 At
5 7 VI beta TA 5 & WIS ILIE ZSM-12 % #5 b
fbs&2 2 LN a@m%@mbiomo%%
DFER, MTWHS S Z RN L2 E L 3IZR T
Wﬁmﬁﬁf,zwmu®ﬁ%mﬁ%%f%t”k

CCFEFCTHMEEIToCELYLTTA MISHEERE
Ll at, RVFIYMIDOYXF S s THbBH, CBU
RFEOWAYEZ RS 720, BEAROALLRY,



58 €t F 7

r—UMEER AT AEFTA PR L L TIREE
177> T\wh, ECR-ISIZPAURO ¥+ 514 N TH
0, CBU& L Tdsr, pau, Ita, gis® A5 LT\ 5, [H—
Wik x A3 25 RKKEAL T A b idPaulingite TH %,
ECR-18 135K LHEMICHVOLNTWEEL T A b
TRBEWD, 2L Dr—TU %GO EREN
JEH 2 <, Krivovichev 2 & 2 ETlI ¥+ 5
A bopC2FEHICEMRET AL Twb L3N
Twa ™, 2ok %M~ OSDA 7RI T4 K
THE T % M IZBEEEE V. OSDA % fIv: 72 ECR-18
OEWRIEIFEDO S F 4~ (TEA", Na",K") # %%
L, BHRHSELS, RIBT IV OED MR O
WIZL > THHEGICEIER MR AT 5. CBUK
FICFHED L ECR-ISERD KIS IV & LT, FlAS 5
IR IS 12 Linde W (MER) 7254% 5 1L 5 UG 7 )V %
IR L 720 Linde WA 3 5 CBU 1 d8r B & U pau
THY, WTFN L ECR-18 & L TH % (Fig. 10),

pau
/7 N
g
dsr
ECR-18 (PAU) Linde W (MER)
(seed and target) (gel)

Fig. 10. Correlation of common composite building units
between MER and PAU. Reprinted with permission
from reference 20). Copyright (2012) American
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Table 2. Synthesized zeolites according to CBU hypothesis and common CBU.

Seed (FTC) Reactant gel (FTC) Product (FTC) Common CBU Reference
Beta (*BEA) Na-mordenite (MOR) Beta (*BEA) mor 6) 19) 20)
CIT-6 (*BEA) Na-mordenite (MOR) Hollow beta (*BEA) mor 21)
ZSM-11 (MEL) Na-mordenite (MOR) ZSM-11 (MEL) mor 20)
ZSM-12 (MTW) Na-ZSM-5 (MFI) ZSM-12 (MTW) cas 12)

Beta (*BEA) Na-ZSM-5 (MFI) ZSM-12 (MTW) mtw, cas 13)
MCM-68 (MSE) (Na, K) -mordenite (MOR) MCM-68 (MSE) mor 25)
ECR-18 (PAU) K-Linde W (MER) ECR-18 (PAU) dsr, pau 20)
Omega (MAZ) (Na, K)-T (OFF/ERI) Omega (MAZ) gme 26)
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Seed-assisted Synthesis of Zeolites without the Use of Organic

Structure-Directing Agents

Kenta Iyoki, Keiji Itabashi and Tatsuya Okubo

Department of Chemical System Engineering, The University of Tokyo

Organic structure-directing agents (OSDAs) have enabled us to synthesize zeolites with novel framework
types; however, the use of OSDAs is undesirable from a practical view point because of the high environmental
burdens as well as their high cost by the complex total process. Therefore, the synthesis of zeolites without the
use of OSDAs has been one of the most important topics for the commercialization of zeolites. Recently, the
OSDA-free syntheses of useful zeolites have been achieved by utilizing the zeolite seed crystals. In this review,
the overview of recent advance in seed-assisted, OSDA-free synthesis of zeolites is shown, and a new working
hypothesis named “Composite Building Unit (CBU) Hypothesis” proposed by us for broadening zeolite types by
seed-assisted synthesis is explained. This hypothesis focuses on the structural relationship between seed (target)
zeolite and the zeolite obtained from the reactant gel without seeds. The background of the proposal of this
hypothesis is explained, and the validity of the hypothesis is introduced. It is confirmed that several zeolites such
as ZSM-11, ZSM-12 and ECR-18 can be synthesized by applying this hypothesis.

requirements for the successful synthesis of zeolites by this method and the unique features of zeolites obtained

In addition, some

are explained.

Key words: Zeolites, Synthesis, Seed, Organic Structure-Directing Agent, Composite Building Unit
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