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MFI(BA 4 : ZSM-5) % 5 Wi MTW (ZSM-12) Blic & &
ho‘mVIAELE S FOFRICKE, B4 ORKRILRERSAC
bNTW5. FEOIIHEHS THEOMERIENET Va—V
FRWLELSA FERICOWTERELTRY, 1-7%2/ -
FETT7NVAVERE LTKRILT U D AEBWISBAICIIER
HOBVMFIRYFSA FABONLIEERWELAY. B
BORBLARNTHLT PS5 /0N T VESTATORF
(TPABr) CAR LA MFIE ¥ 54 + L OKOBEEB DR
»o, 1-7% /) —)VTER LI MFIBYA 54 FMIBFRIBD
PIEWETSA FTHBILERORICLAL?. SHIT, |
MFIB YA 54 FOKESABICEDBTIVI = AEBHOR
Wb, 1-72 /) —)VCAR LI MFIBYA 54 MIBW K
REEEBLTWSI L HBPLMIC LAY,

FHRTEEA S/ FERICKIT 2R RLHEA L LT 1-
T8 —VOBREEHEICT B0, TIVhY &RBRER LU KR
BREHOPEIC OV TRE LR, MFI LSHC TON(The-
ta-1), MOR (Mordenite), MER (Merlinoite) 35 & {f LTL (L) &
T4 +BBONB I EBEOLICE> LD TRET 5.
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2.1 #A54 rOER
1-7% ) —VEEFTTCOEESA FEARRUTOLES KT -
. aof Fyyh(azof FSI-30, MEbRs, Si0,=
30.4 wt%, Na,0=0.42 wt%) iZ 1-7 & / — ) (n-BuOH), W&
TIVI=Z AKBER, 7TVHYKBERMOH; M=7)VhU &
B) oMz, OH1hSRTHRLE. 2k, B6h
RAMY VEEHOBRILUTOL>LEINS.
Si0,/Al,0;="70
OH-/Si0,=0.2—1.2
H,0/Si0,=40
7n-BuOH/Si0,=0, 1
RIZZ DAY VBEWEAEH 300 mL DR 5V U AEWBO
=tz U—Fic52 %, 500 rpm TR LA S 1h TRIG
REE(150—200 C) ¥ CRE L, ZORACENT CHEDORE
R (24—216 h) A BT U7e. RUGHAR L7 BRI RE A
T8 U744 120 ‘CT—Hpis L7,
——

JEBE e R B E B K FBe KEH R RHEBF SRR, 923-
1292 FIREXRFROETIES 1-1

ER-EHFBFR-8 RN

2.2 EAZ1 DX F99UE—-2a>

Bohit¥rs4 roORBRXBOFEE(BEEHBITERN
RINT 2000) # W TCfT- 7. ¥4 54 FOKBRERBIIEENE
FHESE(BZH S-4000) AW THRE L. Y454 oSy
7 OB HTE, B X 845 HriciE (Philips 3 PW2400) % v
Tfio7c. FT-IR AX7 Muid, RSB FT-IR #& (A&
EF8Y JIR-7000) % B\ T, 400°CT2h HZHEGME L7,
EETHME4cm™!, BEBRS00 @OL&GFTRE L. BC
¥ LU 27AIMAS NMR 27 b Vit E &5 6 NMR %8
(Brucker $ S-400, Varian ${ VXR-400) * W CEE THE L
o, ¥ASA FoBSGHIL, BERSH%E (Perkin-Elmer $¢
TGAT) # v T, ZR&HM+(40mL/min), FEEE 10°C/
min D44 T 30-1000 COBHETHT > 7. ¥4 54 FOBHER
EERKIIEBHREEE (B A~VE BELSORP 28) # H\ T,
Y454 F#0.1g #400°CT4h BB L, —196
‘CTCHIE L.
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3.1 PLHhYEEEOKE

* ¢, HEKESIVESHD SI0,/ALO K, TIVAVBE
(OH-/Si0; i) 5 XU n-BuOH/SIO, k% T h £ 70, 0.2 &
Ule—%FiIcL, SEEO7IVAVRMOHE; M=7 VAU &
BYERWTEZT A FEARET > 7. ZTDFEFE% Table 1 IZ7R
7. ChhLHLLE LD, BOhAELS/ MIAWAET IV
AV ERBOBEIKESKFELAL. bbb, 7TVAVERK
NaOH # AW B AT CIRBE LI SICMFIRYE S 4
k%3 (Exp. No. 3)V, KOH WA BEiidEitoE TON
BYF 54 FHBER L (Exp. No.6). TONE YA 54 Mico
WTREIERFHYTARET-ERE, RIGEREL60°C, K
IR 48 h THRLBAKOBEWTON R Y54 FABLH,
ZThPDHNTRTENT 7 ADBEB LU 7 U X MRS A FORIE
MERD LN/, i, 7IVAYUKIC LIOH, RbOH ¥ L UF CsOH
FRAWEBARVWThOEBICEWTHEA S, MIBLhkh
- 7= (Exp. Nos. 1, 11, 13).

LIAHT, FRENBEAE S FORRBEIIHERKES IVE
BEHOTIVA Y BE(OH-/SIO; ) ICk» ThRE <SRN B
TriEAashTwaBEID, ZITCHEBTIVAVRICONWT
OH-/Si0, k% K2 KBS R TEL 54 FMEARETVWET DR
DOWTEE L. Tablel 26BLME LI, TIVAVERIC
NaOH # BW/cB a1 MFI #2454 FLAIC OH-/SIO; t
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Table 1 Influence of alkali metal cation and addition of
n-BuOH on zeolite synthesis?

Synthesis conditions Main product (by-product)

Exp. . X
W w oo Mem

1 Li 0.2 Amorphous -

Li 1.0 Unknown -

3 Na 0.2 MFI MFI
(Cristobalite)

4 Na 0.6 MOR MOR
(Amorphous) (Amorphous)

5 Na 0.7 MOR MOR
6 K 0.2 TON Amorphous

7 K 0.8 MER MER
(Amorphous)

8 K 1.0 MER(LTL) MER
9 K 1.1 LTL LTL(MER)

10 K 1.2 LTL LTL

11 Rb 0.2 Amorphous -

12 Rb 1.0 Unknown -

13 Cs 0.2 Amorphous -

14 Cs 1.0 Amorphous -

a) Synthesis conditions: (0 or 1)#z-BuOH: 0.1—0.6 M,0: 0.014Al,
0;: Si0,: 40H,0, 160 °C, 48 h(Exp. No. 3: 180 °C, 72 h).

0.7 {58 CMORE Y+ 54 3 (Exp. No.5), KOH # 7
BAITIETONR Y I 54 b OH-/SI0, A3 0.8% X U
11458 CMER BEULTLRY A S54 FPBERTAH LoD
o7 (Exp.Nos. 7,9). Tho¥ds4 FOXEEFNZ—V
B EUSEMEE#% Fig. 1 5 kU Fig. 2127 $. WFhotsd
SA FOXBEFNAZ —VHAMETHRESINTVSHDDE—
KLTEYD, *OC—77RE»OEREIRBCLPDR
%9-12) jr35, LiOH 3 X U RbOH % AW 7341 OH/Si0,
H1.0CHREOERY DB S h /i (Exp. Nos. 2, 12), XERE
THREZINTWA XBEF NN —VORCIEIhG LTS
LT, FOEBETOWTRBRERHTHS.

3.2 1-7%9/—LFENMOHR

MOR, MER 3 LU LTL BV A 54 FOERITEATERILHE
BREBWI. 7o, MFIRYE S 4 FbAREHEIELY
BRESLCHEHN LA VESTLARTEZIW, £ Tn-
BuOH O& &% 8 & »IC¢ 5728, n-BuOH #£& <L\
TEE 5L P& T 7. FORHES Table 11ITRT. KB
SREMET T MFL 3 LU TON ¥4 54 +id n-BuOH &
mciBohzho7s, MOR, MER 5 KU LTL® Y% 54
MIER L. BREAESIVESHD OH-/SIO; it MOR #
Y454 FCikn-BuOHHEMOBA LITIER L TH - 7o
(Exp. No.5), MER x5 X UFLTLRY A 54 M EMIETEZ S
OH-/Si0, D fE i3 n-BuOH i OB EITHREF R D - /o
(Exp. Nos. 8, 10). Fig. 3 iZi n-BuOH # £ @i FICER
L7 MOR, MER 1 XU LTLE DY+ 54 +D SEM ER %R
4. n-BUOH #ETF AL h-WARKRO MORBYA 54
12X, #n-BuOH EHFEMTAR LA LDIIBRLEHEVEL L
TE6T, TOKRVBICE»HEDOBVED /. T, n-
BuOH RN TAR LI MERBY A S 4 FOKATREDL, n-
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Fig.1 X-Ray diffraction patterns of various zeolites synthe-
sized in the presence of n-BuOH.
(a): LTL (Exp. No. 9), (8: MER (7), (c): MOR (5), (D):
TON (6), (E): MFI (3)

DIEOPIITRATHS. i3, LTLEEF 54 FTRrERTRE
CEiRiEhotz. ThHOKERIE, MFIS XU TONBYAS
4 FEBRI BT n-BuOH {3 {LRER &L LTEALTY
%4, MOR, MER LU LTLE YA 54 FARIC W Tk
BACREBH L LTERALTWIEWI L ERLTWA LS ICEbh
5. LhL, ChbHbo¥dS54 FOAREALERVRBICETE
WAR SN D7D n-BuOH 3 MERICF b »rOREY 52 T
WELDLBEEXTWS. &k, Y154 FOSMLARICE
i+ % n-BuOH OFEEDOFHEMIC OV TR CIXRATH 5.

3.3 ARLEEATA bDXF 595 UE—-a

Table 2 i1 n-BuOH Fbnk L UEHEMTAR L {EY A
54 FDSI0/ALOs xR T . TONE Y 3 5 A4 + D Si0,/
ALO; i B KE S VBEWDOME LR U TH - /o4, MFIHE
Y454 FCiRpE» o7 —F, MOR,MER 5 X UFLTL &
Y454 FTikED Si0,/AlL0; Hiid HFEKE S VB EHOEIC
HRTHhED/NEhotz. 2, MORKLIULTLEYASA4
F @ Si0,/ALO; T TS THE XN TWAELIZIIRAM U TS
5> 7:h, MERB¥AS4 F0 Si0,/ALO; i3 BHE OfE (3—5)
LHET ALY KEL{ETH - /. Table 31213500°CT
20hBER L= & YL 54 + DERRESER D Dubinin-Ra-
dushkevich(D-R) 70 vy F» bROMILEE Wo(N) R Y.
#n-BuOH IO B FICH b & THLEHE Wo(N)I2IZ LA L
RALTHD, XMETRESNTWAHELITIF—FK L. Fig. 4
iz n-BlOH # AW TAR LASEHEOY LS4 D YA
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Fig. 2 Scanning electron micrographs of various zeolites synthesized in the presence of #-BuOH.
(a): LTL, (8): MER, (C): MOR, (D): TON, (E): MFI.

Table 2 Si0,/Al,0; ratios of various zeolites synthesized
with and without n~-BuOH

Table 3 Micropore volumes of various zeolites synthesized
with and without n-BuOH

Zeolite SiOz /ALO, ratio of Si0,/Al1,0, ratio of zeolite®

Micropore volume W,(N,)/cm3(liquid)g=12

synthesis mixture “wiy BUOH  Without #-BuOH Zeolite With #-BuOH Without #-BuOH
MFI 70 49 = MFI 0.19 =
MOR 70 13 14 MOR 0.18 0.17
TON 70 69 = TON 0.10 =
MER 70 10 8 MER 0.012 0.016
LTL 70 7 7 LTL 0.18 0.17

a) Determined by X-ray fluorescence.

MASNMR 217 FL#aRET. WThO¥ES54 FORRZ b
WIZ I\ T $53 ppm A5 I BB R OPIRAL 7 U 3 =77 Al
ESv—r0aBBBEEN, Y454 FRCEETSTIVIS
VADZ LA EEREERICRDAENRTWA I EBRALME
to g,

KiZ, EREBDYAS4 FO#GH, FT-IR ¥ LT 3CCP
MAS NMR gz #/7\, Y254 FMEILATO n-BuOH DHFE

a) Determined by D-R plot of N, adsorption isotherm.

MRIZOWTKRE L. Fig. 5 iICik 5 EOY A5 4 FOBSH
DFEREZRT. MFILXUTONRYF S (4 FOBERMBIC
13200—400 CHEICERBA BRI N L. —F, MOR,
MER 5 KU LTL R Y4 54 + OEBH#IRITIZ200 ‘CLL LI
B AEERIBBEESh»-7. Fig. 6 iciichbo¥ss
A FOFT-IRANRZ FVETRT. ChhbBOLAZ LD
MFI:s XU TONBE YA 54 DA FIVIZi32800—3000
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Fig. 3 Scanning electron micrographs of various zeolites

Weight /wt%

synthesized in the absence of #-BuOH.

(a): MOR (Exp. No. 5), (8): MER (8), (0): LTL (10).
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Fig. 5 Thermal gravimetric curves of various zeolites syn-

thesized in the presence of #-BuOH.

(a): LTL, (8): MER, (C): MOR, (0): TON,

(E): MFI, (D)*:

TON type zeolite synthesized using TETA instead of

n-BuOH.

Fig. 4 27Al MAS NMR spectra of various zeolites synthe-

Absorbance /a.u.

4000 3800 3600 3400 3200 3000 2800

Fig. 6 FT-IR spectra of various zeolites synthesized in the

sized in the presence of #-BuOH.

(a): LTL, (8): MER, (C): MOR, (D): TON, (E): MFI, (*) in-

dicates spinning side bands.

(A)

(B)

(©)

(D)

(E)

1 | 1 1 1

Wavenumber /cm-1

presence of n-BuOH.
(A):: LTL, (8): MER, (C): MOR, (D): TON, (E): MFI.
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LU TON B F 54 o) BC CP MAS NMR AR MLiCH
WCiH 4 EDY— I BBBIh, ThZThoE—70exy 7
MR THE ST\ 5 n-BuOH (¥ {F) DfE & —F L7219,

ChoDOEREMS, MFIB LU TONEBY 54 FOMILAIC
2-BuOH BHEELTWB I EHBHEL L5 7.

AT, Fig 5ICiE P IF VYT +5IV(TETA) 2R
{LAERICAVWTER L/ TON BV A 54 FOBERME L6
#TCRLTHS. n-BuOH TERLABELERY, UERALE
ERARBEINT, 1000 CHECEWTHELERFIIIH
Bxhic. TOZ EIXMILAD TETA L HAERK T 5 REEOR
BEREICEIPEVOBBRELBLTAIEERLTWS. Lk
L, COLOLBRTORETIIYASA FOBRTIVI=ZY AD
#TBFHRINS. HE, VAIMASNMR #HWTEH L
1000 CREEOEL 54 FOBRREEFOT VI LB
500 ‘CHERLD S DDK) 2/3 TH - 7=,

DEDKENPG, n-BIOHFEETEETVAVEREZRAWAC
&1 & D MFI, TON, MOR, MER XU LTL BV A 54 F 418
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Influence of Structure-directing Agent on Zeolite Synthesis

Atsushi SUZUKI, Zhengbao WANG, Cheol-Hee AHN, Tsuneji SANO* and Kazuo S0GA

School of Materials Science, Japan Advanced Institute of Science and Technology;
Tatsunokuchi, Ishitkawa 923-1292 Japan

To get more information concerning zeolite synthesis in the presence of 1-butanol(#z-BuOH),
influences of the alkali metal cation and the synthesis conditions on the zeolite synthesis were investigat-
ed. It was found that highly crystalline TON (Theta-1), MER (Merlinoite) and LTL(L) type zeolites
were synthesized when KOH was employed as an alkali source, whereas MFI(ZSM-5) and MOR (Mor-
denite) type zeolites for NaOH. Characterization of zeolites obtained was conducted using X-ray diffrac-
tion, scanning electron microscopy, FT-IR, thermal analysis, 1*C and ??Al MAS NMR. From the results
of FT-IR and 3C CP MAS NMR measurements of as-made zeolites, it was concluded that n-BuOH
molecules were occluded in the zeolitic pores of TON and MFI type zeolites, while no #-BuOH molec-

ules for MOR, MER and LTL type zeolites.






