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Kiwsllx TBA 7 A4 N OREREAMERTFIEORRSE LIS HICBET 5850 Lo @EHE T,
BATA FOGRT B ACBIT AREAMOKRKE B E L, KREAREIZ RN 5 EA
FTA MR FEOFHRB LSRR AT o7, fslIe 6 ETHR SN TWD

F1E [Fim) Cld, TUNBYAZ 4 & CHARIE AT A4 F@%fﬂﬁ&%fnﬂ L, 16
DERFIEBLRZENLO T BB RIIEIT 2 ENENOEREANICET 527 RIZ OV TRl
L. AgwsCFgeo Bag EALEAT 2k < T 5,

#5253 MWW BE AT 4 L &FkEE L7z TUN B 4T o MERRARIEOBR ] Tt
KERTHREIEE LTHEND MWW BIEAZ 4 MZEH L, B4 74 MElEZ W, BES
L7 MWW B4 Z 4 N &FENE 35 TUN BIE 4T A NMEFRFR AR TEOFTRBI 217 -
72. DR OEMEER Y . FAVERZ T U, KRG ERIRE, MWW B 47 1 Lo Si/Al
toie EOARSED TUN BY 4T A R OAERRICRIT T BB L, Aﬁkﬂﬁ#@m@{t%ﬁ
572, FRZEBA T A MEHEIZI VT OSDA &R fb O LTINA R o202 & 2B 5
T2 B 72 B SRR BN C LA ERERIIIERIED 14 BB T2H (180 C) L5 H (170
C) CHEMish, TS OSDA O&EL 0.15 05 0.1 £ TIRBICTE /=, 2 ORI AL
ZRATHZ & T, TUN BEA T4 NOAKREREICE T 2REAM ARSI E S Z L 23 Al6E
LD eEw@mL TS,

3% IMFI MY 454 F &k L L7z TUN Y 45 4 NER SR EORY ] Tid TUN
B E3EET 5 CBU &> MFL B2 A4 7 1 b & HFRFERE L, TUN BIORRERH S Rk O B%
#17-72, TUN BE AT A FOLGRkFFEIX 4 B (180 "C) & 5.5 B (170 "C) * CRIEIZH
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RFI 25K 1/8 IZHf S B, fEdb DR H 10 {513 Efii/h S ¥ 72, XRD, ICP, NMR % DO
fERTIC LD, CBU k@32 MFI BB A4 F 4 bob oSz 2 X—2 3, TUN OZ54E
BeMEICITN D, L0 2L ORI R L0 RRICHEE S Y, MibEHELERE o7z L BRI
TW5b, 72, TUN BEA T A b OREAMBLREZ 5 R, AR S 72 H-TUN-mww
& H-TUN-mfi (35E415ED H-TNU-9 & Rk B L FRE 2 R L7 2 L 2B MnIC L, 38
YU TND pr~F W 2 OBERGHROGZ I T B HIENEME S FFRE 2, H-TUN-mfi 138k 1
iz X D imtEom Bl X v, HTINU-9 LY fitlftEamam ESE- 2 ER LT Lz, i
SOREIL. BATA FOIRAELRE, NGO R Bio, ARRmREZER L,

%43 (LAY hEHAWE CHA BI¥ A4 7 A b OEBREAT AR TIEOBRE L O Cst
& SO ERE~DIGH] T, TEALZ 7 AV IOMRDVIC, BEMHTH D b HHRR




(RHC) #> VU AL L7z CHARI R A 7 14 M ORER AR G RTIEORRZ B L L TF% %
1727 RHC ATV W ZBRDIREOT VT ) EEMWTHIE T2 2 & T, JRFERKL
DERIFETE, TRV F—HEL B CE 2, ToftikE CHA GO Y A E L, &
fiien H-SSZ-13 DIFRANZ L V. OSDA DOffi lZ 3k Hiv, SVAL kb 5~20 OJRHEIFHIZH 72 % B
7 vhb CHA-RHC 2 AR CTE 5 2 EAVHB L=, CHA-RHC DI IL 7 /LD ST/AL HuiZ LLfi
L. CHA-RHC-5 T 81% &\ 9 @l itk L7z, CHA-RHC-5 (I@m\ Ffii b, FR s,
MILAEFEZ A L. CECfli¥ 302 cmol/kg T, BEFDT —# L0 Hm <. Csté SrzrDRAERE
IZBWTHENIZHRZ R LB H ATV,

% 5% [OSDA S OMEMERZMA - CHABIE AT A SO 7Y — U AR TFIEOR¥ S L
WUDTO Ks~DIH] Tix H-SSZ-13 o v 12, CHA-RHC-5 #ffifiin & LT, RHC >V
71 % JFBHZ CHA-green # 5T 5 Z S ICP LT, 207U — Ak FE, H-SSZ-13 I2H
K925 OSDART ENT 7 ALY IO % &/ MRICINZ 72, CHA-green (3 CHA-RHC-5 &
itk CHA-Amor i L TH, HAYIS @R A BEE IR bR mfE 2R L7z, & b2, CHA-
green ZfEfE & 95 2 & T A H D CHA-green OA D AN AR L7z, RHC >V Z)»
54k L7z H-CHA-RHC-5 & H-CHA-green @ “Alpair” ®#|5 13 H-CHA-Amor L ¥ &7
<. DTO (Diethyl ether to olefin) KJSDFHMDH 1.5 fFHEY, = F L > OERE ¢ 5 TN
L7c, TNHDORERNDG, CHA O 7Y —SRFIET. GROREAN Z KT 2 & [T,
&0 BOSTEPEDEV CHA BUREAE 2 F08 2 Z LN a[RE & 72 5 LEim S LT D,
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This thesis, titled " Study on development of environmentally-benign method for zeolite
synthesis," focuses on reducing the environmental impacts during zeolite preparation. It explores
novel and improved methods for synthesizing zeolites with lower environmental impacts. The
thesis is divided into six chapters.

Chapter 1 introduces the basic background of zeolites, especially TUN and CHA type zeolites,
their synthesis methods, and the environmental impacts in their synthesis processes. It sets the
research objectives and significance of this thesis.

Chapter 2 discusses the development of a rapid synthesis method for TUN-type zeolites using
MWW-type zeolites as a starting material, significantly shortening the synthesis time and
reducing the use of organic structure-directing agents (OSDAs). This chapter demonstrates the
potential for environmental impact reduction in TUN-type zeolite synthesis.

Chapter 3 extends the rapid synthesis approach to TUN-type zeolites using MFI-type zeolites
as raw materials, achieving further reductions in synthesis time and particle size. This method
enhances the nucleation by utilizing the composite building units (CBUs) from MFI-type zeolites,
contributing valuable insights into zeolite nucleation and growth and catalyst lifetime
improvement.

Chapter 4 explores a low environmental impact synthesis method for CHA-type zeolites using
rice husk charcoal (RHC) as a silica source, avoiding using OSDAs and achieving high yields and
excellent adsorption removal capacities for Cs and Sr cations. This approach highlights the
potential of utilizing agricultural waste in zeolite synthesis.

Chapter 5 develops a "green" synthesis method for CHA-type zeolites that minimizes the
indirect use of OSDAs and amorphous silica from the seed, yielding zeolites with comparable
properties. The method also demonstrates the feasibility of synthesizing subsequent generations
of CHA-type zeolites, offering a sustainable approach to zeolite preparation.

Chapter 6 summarizes the findings across all chapters, emphasizing its contribution to
developing environmentally-benign zeolite synthesis methods that do not compromise on the

performance of the resulting materials.
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