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Table 1 Crystallinity of ZSM-5 type zeolites synthesized
using various aliphatic alcohol®

Alcohol added Crystallinity® (%)
CH,0H 64
C,H;O0H 86
n-CyH,0H 95
n-C,H,0H 100
s-C4H,OH 55
i-C,H,OH 56
+-C,H,OH 48
n-CqH,,0H 100
n-CgH,,0H 63
Without addtive 72
TPABr 100

a) Synthesis conditions: Si0,/AlL,0;=70, OH~/Si0,=0.2, H,0/
Si0,=40, Alcohol/SiO,=1.0, TPABr/Si0,=0.1, 180 °C, 24 h.
b) Relative crystallinity determined by X-ray diffraction.

TPABr # i CARK LICBED ZSM-5 ¥4 54 Fwi&kiEL L
T20 523 MHEDY — 7 OMEK & L TESE LML LD
Thb. ELLBLLO LS ICHERLERA VATV a—ITK
FLThY, RERA~6 OESERT IV a— )5 ZSM-5 BEF
4 FOBBICERTH A bbb,

KIS, WEKES IVEESHD Si0,/AL0; K70 —F L, ¥
54 FOfRERHICRIET T IVAY (OH-/SIO; b)) RURSAIL
AEF (-7 %/ —)) OEE (1-butanol/Si0, k) DEEICD
WTHE L7z, OH-/SiO, 0.1 CER Lt A 54 PO X RE
HFNXZ— %R 1ICRT. 1-butanol/Si0, K 0.1& 1-T7 %/ —
WBEMEWEEFS A FOABITEL <, RICKHE %120 FlHE
LR LTLIERLIIE LA KT Lixh > 72, 1-butanol/SiO,
HOSOBECIRREHKEE L HCERMMLEID I BER &>
7o, RIGEERE 120 BRI Tl 7 U A NS A FORIERRD S
7. 1-butanol/SiO, 1 LA EDBEITIXZ VA RNF AL +D
BlE b, RICEHE 72BHTEOhAYtr 5S4 FOKSRILE
BTPABr# HVWTARLADDEIFLAERLTH - 2.
OH-/Si0, £ #0.2, 0.3 : BIL I R B A IOV T HEERICEF
Lic. Bohict¥d 54 FOERNERILERZER2ICE LDTR
T, bk, HEOLOERICABER 2L HRMETICEREZT -
BRI OWTHHRTRT. OH/SIO;, b#FL S R/ZBED
1-butanol/SiO, LDHEK & & bIHEMELERIE k-7, 1-7

1-butanol / SiO, = 0.1

1-butanol / SiO, = 0.5

Intensity

72h

20 (deg)

Fig.1 X-Ray diffractions patterns of zeolites synthesized
using 1-butanol and TPABr at varying reaction times
Synthesis conditions: Si0,/Al,0;=70, OH-/SiO,
=0.1, H,0/Si0,=40, 180 °C (1-butanol), 160 °C
(TPABr)
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Table 2 Effect of 1-butanol concentration on crystallinity
of ZSM-5 type zeolite synthesized?

Crystallinity (%)

OH-/Si0, ratio React(ig‘)l time 1-butanol/SiO; ratio

0 01 05 10 1.2

0.1 24 — X — 16 —
0.1 72 — X 50 100 100
0.1 120 — 33 *92 - -
0.2 24 72 8 — 100 —
0.2 72 *91  *97 — 100 —
0.3 24 - - — 92 —
0.3 72 — 91 — 100 —

a) Synthesis conditions: Si0z/Al,03=70, H,0/Si0,=40, 180 °C.

X: amorphous.
*: ZSM-5+cristobalite.

2 ) —VERMOBE S RIERE & & S ICksRLEEE s
YRS FHBEIE L.

DEDERPOHOI 2 LDIC, 1-T 2/ —IVBEOHK L
EDBIKTZIURA NS A FORIAEBZIH SN, BRIEEOS
ISM-5 ¥ 54 FRAREINTEY, 1-7% /) —)UH ZSM-
S5EEASA FOARICB W TEMEFARFE LTEEAL TV S
T EBTRBENI.

3.2 1-79/—-IL%EB\3B ZSM-5 BI¥# 54 FOAREEHE

TPABr # & {tFARH & LTAVWS ZSM-5 Y54 + &
BOBE, BohBEA T4 +D Si0,/Al0; Hit10~oo X84
CEZIRBIEBAETHS. £ IT, 1-7% /) — )V
LEREBFTEICENTHHEKET VEREHH D SiOy/AlL0; H
#10~0 L B X TKBEREZTVWZOARBHEIC OWTHER L
7o BONTEREEERIICRT. Si0y/ALO; H 100K VR
oI, Y454 MIBOLNEL o7, Si0,/ALO; H 30
DKRET VEEND O BN RLEDOE ZSM-5 B 4 5
4 FBEREN. —F, TIVIZTABRERL L S\ Si0,/
ALO; oo DKM VBREH I O, Y454 FIBOLNT Y
AENSA P BIUREDPAER L. Si0/ALO; K 20005B4
ik, ZSM-58EAS A4 PUSHCZ U R S5 A bR %E

Table 3 Effect of Si0,/Al,0; ratio of synthesis mixture on
crystallinity of ZSM-5 type zeolite synthesized?

Slf))f2 /sﬁlzt(l)lae;?st © Product Crys(tglhmty ra?i?tz){félégfte
mixture 0 synthesized?

10 Amorphous — —

30 ZSM-5 83 25

50 ZSM-5 100 42

70 ZSM-5 100 49

100 ZSM-5 88 67

150 ZSM-5 83 94

200 ZSM-5+ cristobalite 75 —

o0 Cristobalite + quartz — —

a) Synthesis conditions: OH-/Si0,=0.2, H,0/Si0,=40, 1-
butanol/Si0,=1.0, 180 °C, 24 h.
b) Determined by X-ray fluorescence spectroscopy.
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B T&5ZSM-5 ¥ 35 1 kD Si0,/ALO; H:1330~100 & 3%
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hEK# > 5/ —IVER U Bronsted B 55 C3 5 Si(OH) Al ic &5
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(a) 1-butanol

(b) 1-butanol

(c) 1-butanol

(d) TPABr

20.0xv xs.@hk' S #9ea

(e) TPABr

Fig. 2 Scanning electron micrographs of ZSM-5 type zeolites synthesized using and without organic addtives
Synthesis conditions: Si0,/A1,0,="70, H,0/Si0,=40, 1-butanol/Si0,=1.0, TPABr/Si0,=0.1, 180 °C, 72 h .1-butanol . 160
°C, 16 h (TPABr), 180 °C, 72 h (without addtive) OH~/SiO, ratio: (a) 0.1, (b) 0.2, (c) 0.3, (d) 0.2, e 0.3, (f) 0.2

#-3 <3604 cm~! fHED Y — 7 #EH OH-/SI0, 0.3 TR L
YA SA FTREL Lo TOABDIR, BOLD L KB LT/
7 D Si0,/ALO; AN E K TV I =7 AOBRENE WD TH
3.
R LREA & LT TPALAWERA VW TAR LI ZSM-5 ¥
AFA4 Miit, TPA A 4V eBRT ABICKRRRICY S5/ —
VERERT 5 L HBFT-IR AR 7 P VR UEGES Wi
NMR ic E VBECRER S hTH Y, UFOk>cELbhTY
724),25)
Si~0~N*(C3H,) ,—Si-OH + (C;H,) 3N +C3Hs

Fiebb, TPA A i3k RLHAER TS5 L ABC AT 4V
WTHH T LHBBBAMICY T/ —VESERT HRERTH 5.
—7, -7 8/ —VEBOTER LAY A 54 FOFT-IR 2
N7 biciE, TPABr # FWTAR L1z b & FRRIC3TA0R Y

3604 cm~! fHLIC XN ENKIRY 5 / —. £ 7" Bronsted & &
TH5SIONAICESKE—7RBRIAA. _ 5 L. 3740
B XU 3500 cm~! fEDY — 73X TPABr O3 D L : o 5
LAhaEdorc. T HEAEZ LRSS O OH- NN o
EDEXT T4 MEROKXZ IR L TUBIOIZ L hhdb 3.
Ry 7/ —IVEICEII3740 cm ! fHtO ¥ — TEREQTr
AEBEL Lo, 2O Y. 3740 cm—! O — 5 BEIC
RETEF T4 MEGAREOFREY 57— EORZENIZY
LW EERLTED. TPABr TROUCTERLAY T4
FPEHELT 1-7% 7 — )L BHUTAR L TEFS LN
AEICKR S 7 /= BRI LA ERCRTF RO D
F{ETHB eHbrB. Zhit, 1-7 % 7 —N-HBAWUZL
RTLAFFVE LTERL I\ EREEENTH A r82
HNhb.
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Table 4 SiO,/Al,0; ratios of surface and bulk of zeolites

(b)

8.8

28.@kYV X6.80K S.B0sm

BkY XE.8

—

5um

Fig. 3 Scanning electron micrographs of ZSM-5 type zeolites synthesized using 1-butanol

Synthesis conditions:

OH-/Si0,=0.2, H,0/Si0,=40, 1-butanol/Si0,=1.0, 180 °C, 24 h
Si0,/Al,0; ratio: (a) 30, (b) 50, (c) 70, (d) 100, (e) 150, (f) 200

synthesized with 1-butanol and TPABr®

Si0,/Aly05 ratio
OH~/SiO; ratio 1-Butanol TPABr
Surface? Bulk® Surface Bulk
0.1 42 55 46 73
0.2 33 49 51 71
0.3 34 42 36 51

a)

b)
c)

Synthesis conditions: Si02/A1203 = 70, HzO/SlOz = 40,
n-C4HyOH/Si0,=1.0, 180 °C, 72 h.
TPABr/SiO,=0.1, 160 °C, 18 h.

Determined by energy-dispersive X-ray analysis.
Determined by X-ray fluorescence spectroscopy.

®5i12id, 1-7 %/ =) BWTER L7 Si0,/ALO; DB
%BEAFA D FT-IR A7 bURFRT. Si0,/Al0; O
T 2Hit3740cm M fHEDO Y — 7 MERR A THEmMLTWA
B, THIELSA MEROAKEIDEWCERT S0 L Bb
n5(X3). TPABr 5L U 1-7 X/ — )V BEWTERK L/
7 D Si0,/ALO; LAFIFZE L WY A 54 FOIR 27 b L%
HET 5 (R4 DE)ERSDW), HEWERLDWEERS D
(c)), 3740, 36043 X 13500 cm~! FHFED V' — 7 BEEE I v 1)
WHRBHT EHbnD. TPABr # HWTAR LIzEA 54 +D
3604 cm DY —VHEIR 1-T X /) —VERBWTERLELD
ICHANRZL DSV, FIBEOARYZ MU TIRARESM OH #
ICES3B0ecm  fFEDOE—VHENRKE N L #ERIN
¥, TD3604cm~! DY — 7 HEDE\ T, TPABr #ffi-> TH
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(A)

Si0, / Aly0y = 42

Absorbance
(¢}
T
(3,

Si0, / AlO, = 51

71
d 73
e
f
A L . 1 . 1 I .

4000 3800 3600 3400 3200 3000

Wavenumbers (cm -1)

Fig. 4 FT-IR spectra of HZSM-5 type zeolites synthesized
using (A) 1-butanol and (B) TPABr
Synthesis conditions:
Si0,/Al,0;=70, H,0/Si0,=40, 72 h (1-butanol), 16
h (TPABr)
OH~/SiO; ratio: (a) 0.3, (b) 0.2, (c) 0.1, (d) 0.3, (e)
0.2, (f) 0.1

SiO, / Al,O5 = 25
3
g
¥] 42
o
2 a
<
49
b
c 67
d 94
e .
i 1 n 1 1 1 " 1 1
4000 3800 3600 3400 3200 3000

Wavenumbers (cm 1)

Fig. 5 FT-IR spectra of HZSM-5 type zeolites synthesized
using 1-butanol
Synthesis conditions are shown in Table 3

RLAtYFS4 FCRGEGABCKREY S/ —IVEHS S
Bronsted B85 CH 5 SIOH)AI B 6D OH X & KEEE%
FHLTWAZLIZERLTWADDLEEDNS.

R6icit, TPABr RU 1-7 %/ —)VERAVCTERLIE~D
Si0,/ALO; DY H S 4 + D25 ‘CIT BT BKDBREEN,OLRD
TRAAEB (W) #RT. COMILBBIKOBREZRED, O
Dubinin-Radushkevich(D-R) /0y FMZ & Y RD/AETH 5%.
%B, KoTFREEEZEL YA 54 O Brensted B AU RIRE
KRET A0, KOGRE»OCEE LIAATEIES S
A FTOMABBZTDOLDERLTIWiw. IroHbRkLD
iIZ, TPABr RU 1-7 8/ —VERWIcWTFhOBE S KORE
PORDIMMIABRIIT VIV AR L L HICHEHKENITHEML
oo gk, 1-T7 &%) —VERBVWTAER LICEKENTIVI =T A
BEOSWE LS4 F(Al/(Si+Al) =0.074) OMABKIIET
COEZE» LI TN/, Nat A VU KBEDOYF 54 +D Na/
AP 08ITH 72 b, COEZELLOTHIIYAFA
FMERBEFICEAREINEP 7T INVIZTACERT 550D
tE %2 6N %. Simonot-Grange 5 HY ¥4 54 FADKDOK
Eio L TRBEEER D 2T\, KOBRED ORO-HMAEE
ETNVIZY AR EOMICHBEBEFRSH LI L E RV LTY
730,

LIAT, WThOFELTNVIZTAERDODATEDE
Z#FbH, KSFid Brensted AT T K5/ —VEC
LRELTWAI EHbhA. LHL, ZOfEI: TPABr # AW
TERLISBHICHN, 1-782 /) —VERVWTER L-B4IZ
NEhotc. TOBWEIRADFT-IR A7 FUCEKRY S/
—IVEICE DI cm EBED Y — 7 BESHEDOR TEL
CERZ->TWBILLEISHILEL TS, Thbb, 1I-78/
—NVERAWTER L/ISBE T, TOY—7%E: TPABr #
WTER LISB BT HANNES KRS 5/ —VEOBE B 75\
e, TOERBRETAKGFORLA L Kol Ex2bh
5. 72k, R7IIRK6 OFERE ZSM-5 €4 54 ML Y47

0.14

0.12 - ®

T
AN

0.1

o]
0.08 | /./'

0.06 |- /8/

= 0.04
S

H,0) (mi(liquid)/g)

T
O,
[ ]

W

0.02 @O

0 0.02 0.04 0.06 0.08
AV/(Si+Al) ratio

Fig. 6 Water adsorption on HZSM-5 type zeolite with vari-
ous Al/ (Si+Al) ratios
Adsorption temperature: 25 °C
O: Synthesized with TPABr,
@: Synthesized with 1-butanol
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Number of H,O (molecules/u.c.)

o
[e]
15 + 0/0/
e
10p 0 e
g
5 ://
0 1 1 1
0 8

4
Number of aluminum (atoms/u.c.)

Fig. 7 Number of water molecules adsorbed per ZSM-5
zeolite unit cell
QO: Synthesized with TPABr,
@: Synthesized with 1-butanol

DORERGFEETNVIZTARFRCHRE L3O THS.
TROME, 20 1B IVICEET S ERRY T/ —IVEC
B Lo KOS FOBEIL TPABr # iIWTER LIcYE 54 b
TRP6HT, 1-7F /) —VERVTER LD TEIHI S
FTHolo. iz, TPABr RU 1-7 &/ — )k nicwiho
BALEROEXEIHATHHI &0, Bronsted BB 1 ED
O ADTFOKRGFREEL TWB I EHFRRI M.

3.4 ¥AF4 bhD 1-7 4 / — L OFLEIRRE

HRLAEHR L LTHW -T2/ —VidAF A/ e LTE
BA+5L3E2ZONERVDOT, FOLIBHREBTELSA Ml
RICEETHODKEHEENDS. £IT, Bonhicttrs4 b
OB, BESSEENMR XU FT-IR BIEZT, 1-7
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Synthesis of ZSM-5 Type Zeolites using 1-Butanol and their Properties
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Synthesis of ZSM-5 type zeolites has been carried out using various structure-directing reagents
such as amine, diamine, amino alcohol, hydrocarbon and alcohol as well as tetrapropylammonium
bromide (TPABr). The role of the directing reagent and the properties of zeolites synthesized,
however, have not been sufficiently clarified. In this paper, synthesis of ZSM-5 type zeolites was con-
ducted using various aliphatic alcohol and their properties were investigated in detail. It was found that
the highly crystalline ZSM-5 type zeolites were synthesized using 1-butanol and 1-hexanol (Table 1).
In the case of 1-butanol, the crystallinity of zeolite was increased with an increase in 1-butanol/SiO, ra-
tio of the starting synthesis mixture and the highest crystallinity was obtained for over 1 of 1-butanol/
Si0, ratio (Table 2). The production of cristobalite as by-product was considerably depressed by addi-
tion of 1-butanol. These results indicate that 1-butanol acts as the structure-directing reagent.

The Si0O,/Al,0; ratios of zeolites synthesized using 1-butanol were lower than those of the starting
synthesis mixtures. The region of SiO,/Al,O; ratio (30~150) was much smaller than that of zeolites
with TPABr (Table 3). The Al-free zeolite, silicalite, could not be prepared using 1-butanol. Figure 4
shows the FT-IR spectra of hydroxyl groups of HZSM-5 zeolites synthesized using (A) 1-butanol and
(B) TPABr. The spectra of HZSM-5 from TPABr were characterized by two well-defined absorptions
at 3605 and 3740 cm~!. The former band has been assigned to stretching vibration of an acidic bridged
OH of Si(OH) Al, while the latter one to terminal Si-OH. On the other hand, two peaks at 3605 and
3740 cm~! were also observed in the spectra of zeolites using 1-butanol. However, the intensity of the
peak at 3740 cm~! was very weak. The drastic decrease in the intensity of the peak at 3740 cm~! may
suggest the concentration of the internal Si-OH groups (structure defects) is relatively small. This is
also confirmed by the fact that the amount of water adsorbed on zeolite synthesized with 1-butanol was
smaller than that on zeolite with TPABr.






