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EFFECT OF Si/Al RATIO ON CATALYTIC ACTIVITY OF ZSM—5 ZEOLITE

Takeshige TAKAHASHI and LIU Xing Yun

Three kinds of HZSM—5 zeolite with different Si/Al ratios were prepared to determine the
effect of the Si/Al ratio on the catalytic activity of the zeolite.

The Si/Al ratio did not affect on the surface area nor the crystallinity.
of the zeolite decreased with an increasing ratio of Si/Al.
zeolite was compared with those of amorphous silica-alumina and HY type zeolite.

However, the acidity
The acid strength distribution of the
The results

indicate that HZSM—5 has many strong acid sites which could be effective for the disproportiona-

tion of aromatic hydrocarbons.

An o-xylene isomerization reaction was carried out for the HZSM—5 zeolites in a fixed type
reactor.  The catalytic activity of the zeolites was greater than that of amorphous silica-alumina,

but no activity difference was observed among the different zeolites.

Unlike the isomerization

over silica-alumina catalyst, 1, 2, 4- and 1, 3, 5- trimethybenzenes could not be detected in the

product streams.

The result suggests that the micropore of the zeolite, composed of a 10 mem-

bered oxygen rings, prevents a bulky compound such as trimethylbenzene from being produced.
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Table 1 The composition of solutions for preparation of

NaZSM—5 zeolite ( Si/Al=50)

Solution A Solution B Solution C

water glass 32.9 g | NaCl
(No.3)

Ion exchanged
water 20.5 g | water

Al(SO0):*17TH.0 1.0¢g
H.S0.97 %) 28¢g
(C;H;L.NB- 358
Ion exchanged

water 2158

1208

Ion exchanged
4858

Table 1 itRd 3 BEOBK % ARERNICIER L
tz. A, BIRIZZNFN 100 ml DFFFT— bIiZAN,
CHiz300m E—h—~BLt, v74Fv 7 A
y—ICHBINIZ CHANA, BRERAICHTL,
A, BEKROHETHARKICKT 45 &) ICHEBE A
Ltze COBEETRTERTITL, BIMETRICSH
FAREED pH #2891 L1r, CORETIERL
d—hr7L—TRHRIZERBINIZ{ Ly 7 ABIY -
Hh—izB L, BELKE, 120~130 rom OFEFETH
BUSHS 160 CITIMEALT, CORBEBRERE
EHEE U IOREET 30 RIS Ak EE L7e A — b7
L—7THOENIKOEREIZL > TH 5 kg afil
Botr, RICKRTH, FBICk > TERENIZHEKE
A VvRHAKT Cl 44 v iR Eha8bET
Lz, £0%, 110 CT 12 BREFZEL, 351
540 CT 4 BRILLEERR U 720 KL 2B &I
NaZSM—-5 ClB 13 H L2 10g THo1. 55,
Table 1 (/R U - # M1 Si/Al Eehs 50 DHET
»5, fthd Si/Al LD NaZSM—5 %2 5K ¥ 58514,
A KD AL(SO.):+17H.0 BEDO & &R L 12,

1. 2 HZSM—5 D%

1. 1 THEBLI NaZSM—5 % 10 48D 0.5
REEFBDICEEL, 75 T T 14 BMIRAERERIC
BRiELI, £0M, 3 BBICEBKBEREZTH VT -
Ya v TRBLE, BEBOAEOKT LY 54 b
Clr A A VHRBRHINBL BT T A Vv RIBKTHR
L, 110 CT 12 B & 512 540 'C T 4 BrfEEAR L
tro 4 A Y RHBE, RHRFIEOT MY LAV E

BEFBIEETRIE L TR 120
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torr OEGTHRAULE, EEEICIVERORE
SEEBEEB LI, COBREFIALT, BET R &
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LY DRIGET- 1o RIGEES &K OSHAEIIOV
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Fig.1 Xray diffraction pattern of NaZSM—5( Si/Al=50)
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Table 2 The interplanar spacings and the relative intensities

( Si/Al=50)

26 d /1,
[degree] [A] [%]

8.00 11.05(11.10) " 52

8.90 9.94(10.00) 40
13.20 6.71( 7.10) 6
13.85 6.39( 6.30) 12
14. 80 5.99( 6.40) 15
15.50 5.72 9
15.90 5.57( 5.56) 11
16.50 5.37 3
17.50 5.01( 5.01) 7
19. 30 4.60( 4.60) 6
20. 40 4.35 9
20. 80 4.27( 4.25) 12
21. 80 4.08 4
22.20 4.01 8
23.20 3.83( 3.85) 100
23.90 3.72( 3.71) 50
24.40 3.65 28
25.90 3.44 10
26. 90 3.31 11
27.30 3.27 5
29. 30 3.05( 3.04) 11
29. 90 2.99( 2.99) 14
33.00 2.71 3

Table 3 Variations of 1/1, with Si/Al ratio

26 Si/Al
(degree) 25 50 100
8.0+0.1 49.5 63.6 72.3
8.910.15 38.7 48.0 54.4

Si/Al DR 722 3 BE D NaZSM—5 O K%,
WAERED JUEEBE % Table 4 10Rd., WES

Table 4 The effects of Si, /Al ratio on Crystal size and
Surface area

Si/Al Crystal size Surface area
(-] [xm] (nm]) [m*/g]
25 0.8 (40.6) 380
50 1.3 (39.6) 436
100 1.8 (40.6) 453

FUBRERRIEENETEMESE L X BEF &
DEMLU 7, MEREILEE 40 nm T SiZAl Hiz
FoTENE S, T, HERARKDL SiZAl I k-
TEELBEWZ ENbh T,

1. 21T~z FEEICHED > T HZSM—5 %3811
7.3 BB D NaZSM—5 O+ b)) & AR L

Table 5 The effects Si/Al ratio on Na* exchange rate, pro-
ton exchange quantity and surface area

Si/Al  Na* exchange Proton exchange Surface
rate quantity area
[-] [%] [X10* mol/g] [m?/g]
25 94.0 4.53 366
50 92.5 2.75 348
100 93.5 0.93 404

HZSM—5 OkFEA + vigE % Table 5 i2Rd, F
MUY LTHERIL 92~94 % & FEFR—Tdh -1,
KFA A VIBE L SiZAl Ho#ins HITE A L 1,
71, £ L 7 HZSM—5 O K % @ & 4,
NaZSM—5 D h & FIFR—TH - 77, Si/Al
50 ® HZSM—5 ® 26=840.1° 5 L F 8.9+0.15° ®
M RE % Table 6 ISR ¥, HZSM—5 OEWHE

Table 6 The comparison of I/I, with NaZSM—5 and

HZSM-5
26 1/1
NaZSM-5 HZSM-5
[degree] [%] (%]
8.0%0.1 59.2 59.9
8.910.15 45.5 449

7 NaZSM-5 D #h & B iEF—HKLTVWIELD
HZSM—5 O/RERILEIGERIEIC k> THBEL
WEXbY o, YEIEA S A LT, B, Bk
BEDRBAERNVTHRIIRBRTAE, ¥454 +
DRERBED—EHDPHE S NBENMSON TS 1S,
ZSM—5 TR &I BREEBRIN L - 12,

2. 2 BMESLUBAESHATRR

SEED HZSM-5 ¥4 54 bOVY) VL RER
CEEDBFE Fig2 iRd, €YY REBI
728K T, BRACEDT B, 2Ll toEET
BHEICED U 910K 2B 1 2 MER I 523K DFho
1/4~1/8 T oty KUY Y VIRERISEERBMED
BiEEzRbL, Fig2 o BRESHmO—>
DIEETH B, $4bL, BUBMSIIREL-LYY
VVIHBMEVWEETHET 201 L TROEES
EOEY Yy ERICBOTERE LS, YYDy
REEN SVAl LOBMEHICH D+ 2 013,
Table 5 ICRU & XA T A FDKEA 4 v BEH
LRTEKTHB, £12, Figo 0 3 xohigsriz
LALEUERZ LTVWAEL SBMEEICIIENH 5
7, BERRENHIE S/AIHICE ST I3 ERA—c5 2



122 ERBA¥IX*HHAEBRE $F2 5 (1984)

Si/Al=25

Absorbed pyridine quantity [ mol-g™']

-[‘ \
10 E sizal=100"

- \\ ){

— \
JF R
\

2l
0° ] l I !

500 600 700 800 900 1000

Adsorption temperature (K]
Fig. 2. Relationship between adsorbed pyridine quantity
and Si/Al ratio of HZSM—5
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Fig. 3 Acid strength distributions of HZSM—5 and
NaZSM-5

523K KB 5 RERIE HZSM—5 DFhER—TH
5H, NaZSM—-5 0K ) VYV RERIIBEEEHICA
HIZHDPUTITLLE bz, §2bB,
NaZSM—5 OBMRIEEED/NI 2 HDIZERL
TWsEBbhs,

O HY
0O Silica—alumina
A HZSM-5

<
[ X 2"

~

N

N ®

N

Adsorbed pyridine quantity (mol-g™')
Q
>

2+

1 0-5 1 | ) ] ] | L
500 600 700 800

Adsorption temperature (K]

Fig. 4 Variation of adsorbed pyridine quantity with the kind
of solid—acid catalysts
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Fig. 5- Relationship between product distribution for
o-xylene isomerization and process time
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Fig. 6 Relationships between product distribution for
o-xylene isomerization and contact time
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