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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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Fig. 5. Structural correlation of the composite building
units between fer and mor. Reprinted with
permission from reference 20). Copyright (2012)
American Chemical Society.

Table 1. Effect of different seeds and CBU in products.
Seed Product (FTC) CBU
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>
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L mfi cas
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(seed and target) (seed and target)

Fig. 6. Correlation of common composite building unit
between MOR, MFI and MEL. Reprinted with
permission from reference 20). Copyright (2012)
American Chemical Society.
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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.
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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.

Fild beta B & W ferrierite IO RIZ D @ H W HETH
LTV NB, T THLNIZZSM-5 & ZSM-11
D Si0/ALO L 1EF F N ZF 186 & 17.6T b 5o

4 b (12)

ZSM-5 D ZF O fitil, T FE TD OSDA-free £ 12
DIELNTULRHMOTRMEL D /X V‘flﬁ“(“?)
%o F 72, ZSM-11 ® OSDA-free & 1Z #) & T Dl
THhbo

Z O, FREEZRINT 2% 7 VAL O i b &
D, beta & ZSM-11 ® SiO/ALO; LIZENZ1 92 B
LI54F TROFHRDPERTE L X)o7,
IS DIKSIO/ALO; G TIX, ShEFTLITR
e B BEIRE IR ES I S TB Y CGRER), #
eI NS,

5. HEERANMERICH T DVESEH

COWRFNIEDNTHETHEF T A b &kl
& 5720121F, CBUDIL@EMEICmZ, $7% <
LB TFIWCRTADDOGEM %723 2 EHNULETH
HEEZBND,

B, RN AREN T C—HEHT 5729
bR DS 2 2 B AR S 2V A i L Cid
57\, THUIBURT VO T IV H V) 5 FE R b
D Si0y/ALO; 7 KR L LENH H Z & &R
LTwb, F72, KRB THIFLNIZOSDA 2 & AT
W D RIS B BRI & ) OSDA % Bir2s L 7= i i
DLRETHEMLICCVWEZZ LR, EBRIC,
Majano & ¥ @ beta D& BIZ BV T, SiO/ALO; HAS
BWHZBER L THWA L betadE DNV &
o TBY, MRS EICEHLTLE 2,
EZoNb, —J7, BUBSKMT s 2 B E ~ Ff
O E W, PEEEEETLIEL T A

FEGHT S ELWRETH L,

E2O5ME, BES IA4 b OKRILRRZT 3
BHNZ, TSGR ROS 7 V565 £
%74%@5“&$mﬁt96&w;kf%éoﬁ
FARIFEIZ BT D, RIEMKBLEZITR ) &
TS SRRSO S VB b NAEF T4 b
DHERLTL LI ER G oTw5h, TNHDEF
A ML, FORIGEATICBWTHYELF A b
LD BETFEMIEETH S, 2F D, ik aIM
PBCEDHWES T4 DOk RISEE O T
ERBREZTITHDHES 2D, TD®, TELZT
DT T A4 b ORA DRSSt % #INT 5
Zk, BIXUHKGEEF T4 b EERHISHRKE
BHLTEIRDOLND, TN RISIRE %M
O, FUST VRIS BIFOH MR EAE LT 5



(13) Vol. 30, No. 2 (2013) 57

EEZONDL, AEBERZET, B0 IRk
B2ETEELHEQOVEDE LT, M mERN
D FUGT WV % A L 72 #2 1 CRkS i &2 33 5,
VW B EPEMESENTH S s

B3, MAEMOREIIENE SV AR ETED
NFITHANEN L TB Y, MR EO 720 O}
PRASHE 5 FE S BT BE T 5 BED D 5 s
UL EME O EIRIE Y FIF 2 720108 TR
BEED, REMOT VA ) WEEE FIF %0
ELO & IR R BRI A 2 kIS
Lo THUYUHETRTH %,

WBDLEMIE, BB IV 3B & OFEHE 5 O MK O
#WILTH D, CBURHZEHT H7-0121%, HWY
A4 e RBOCBUEREHETLEFFTA MO
OSDA HEFRINIE A BV 2 BUS 7 VLK % IE#E 230
BT LZEDNIRER D, FOLT, fifEMLE S
TR E OMAEGHR, LS RE OGS DL
Ehbe LA o T, CBUMREHLIE RIS 7 Vv HLEE,
WL OREICI 2525 b0 TIiEH 575
BHWRETEDEREMEONL L EZULT LR
A5 B DTIE ARV,
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WCEDEY BUWRETH 5o BAKINICIZZSM-5 %
5.2 57 viE, mordenite ® d D X 1§ SiOy/
ALO; L2585  NayO/Si AL WHLK TH 5. FER
DORERIEZOWHZLFELTBY, LT IVHLKE
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mtw mfi
bk AR:A

@ bik | cas mel
Jjbw \ mor )
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Fig. 9. Correlation of common composite building units
between (a) MFI and MTW, and (b) MFI, *BEA
and MTW. Reprinted with permission from
reference 20). Copyright (2012) American
Chemical Society.
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Fig. 10. Correlation of common composite building units
between MER and PAU. Reprinted with permission
from reference 20). Copyright (2012) American
Chemical Society.
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L7222,
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CBU# & TR,
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BT, AR @ Si0yALO; H1E OSDA % v 72
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I @ Si02/Al,O5 Fo A A S R INE L SR 7V 72
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%o —HIZ, OSDA DEMBEEIIML, ¥V Fr—F
Tl & BRI AR X o THRERZBESL L £ 2
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F VIFEMEENE L, A T4 VERSEET TR
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Lo THABRERELTVDEEZLND, D1
B, TVA)EROARE AR TIEEEPIC

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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B2 OHE LT, ARG R RIS AERE  &
DBHRELAED, OSDAZHWIGE LI L T
HRE-> &Y RSN, FiRLY BKRELL RS
DIF, TGOS — B R 2 b 0Dk
7L, MR O 72 iR EIREZ - Tn
Lzl EZHN5L, WREICDO W Tl beta e & DB
THFETH 5B, TEAOH %2 &% W THH L 72 beta
AR OBHEAR L LTROND ZENE L, FE
A IRE L TW 2 DIk LT, OSDAZHWTIZ
B L 7betald [/l —HiE 2 H 95 RKRKRELFA b
tschernichite \2 3L L 724k % A3 2 2", OSDA %
72 RIEIC BV TIE, BRI 2 i
FHT 2 DR, AREHET B TR Ak
ENRERTHDLEEZ TV,

E3DRE LT, MR EDENDIZBT 5N 5,
BHFFICE > TEBEN/E T T4 MIOSDA %4
FHRVIDBKSAETH D, BKICL BT L
RFHEOREBE LR EPRI SRV, D720, Bk
A & I LT h BRI 2L 2 R 3867
L\, JEIT beta DB E I3RS & & IR L TONELAL AL
B, WP REREAD R W20, I 7 aflisk
Wi, AREAOHERRL D OREVY, $7, —KiE
MILZ AT 5 ZSM-12 1220V RI 2 AR
5NTWh, OSDAZHWTIZAK L 72ZSM-12D
SR IR E R L CE LK T T A2 L
BoadroTwd, ZORKNOEERFIHILEZTH
L, HHAAIRERIERE Y AR R ok
W2, BRHSFLDSNELRKRLT VY EZTIENR
BTHT DD, MBRERORBEOTNIILDA
FHFLEDSEA L, 8 REAILAEE OFLIEIC - T

WBEDTEAVA LRSS Y, T KEH
TR EDS RN TH D L) T EDRIT
HHEEZTND,

8. HbHHIC
FEAESTRINE IS X B EF 54 PAidE < A 55
ONTELTHETHY 2h 5, EFEICH > TOSDA
ERWWEREE L TEEEDTL L OERZ
H£HOTWDH, OSDAERME I Kex X+ T4+
EICBWTHRETH A T EARINIE, IhE
THRIA NDOESVEEE 2o Tz r T4 b
FEIZBWTD TENSHOERIT 5133 TH S,
Lo L7anss, FifsehE Js7 v, FORSEofA
ébﬁu@kf%b BATEERINC O &% 2
o CBUIBIZZFDOBOEKIEHE LTEMTH
6&%K%h W LFESHES NS,
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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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