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Mesoporous ZSM-5 Zeolites with External Acid Sites Selective Passivation and
Their Catalytic Performances

GOU Minglei, WANG Junkai, SONG Wensheng
(School of Chemical Engineering and Pharmaceutics, Henan University of Science and Technology, Luoyang 471023, Henan, China)

Abstract: Mesoporosity was introduced into the ZSM-5 zeolites by alkaline treatment and the external acid sites were passivated
selectively via adsorption of phosphate anions on the surfactant modified surface. The results showed that the mesoporosity was
successfully obtained after alkaline treatment, meanwhile, the external acid sites increased and the selectivity decreased. A monolayer
or bilayer structutre of surfactant on the surface of zeolites could be formed in the different concentrations of surfactant solutions. The
monolayer structure did not absorb the phosphate anions. While the bilayer structure selectively absorbed the phosphate anions on the
external surface, which could passivate the external acid sites after calcining. The modified zeolites had high activity, stability and
selectivity in the isomerization of styrene oxide with yield of phenylacetaldehyde more than 95% and no significant deactivation after
100 h time on stream.
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Table 1 Composition and textural properties of HZSM-5 and modified zeo lites
Mole ratio
Sample No. Sow/m®g")  Smed/mg)  Seelm®g)  Vwlem g ) Vieolem® g Vieol(em’g )
Si/Al P/Al
HZSM-5 67.3 290.4 274.8 15.6 0.144 0.131 0.013
Mz 52.2 339.7 233.5 106.2 0.240 0.096 0.144
MZ-0 52.6 339.4 233.1 106.3 0.247 0.097 0.150
MZ-5 52.8 339.9 2339 106.0 0.244 0.093 0.151
MZ-10 52.7 339.2 233.7 105.5 0.239 0.090 0.149
MZ-15 52.8 0.03 338.8 235.2 103.6 0.234 0.091 0.143
MZ-20 52.9 0.05 337.4 236.1 101.3 0.23 0.091 0.145
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Table 2 Acid properties of HZSM-5 and modifyed zeolites
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External

HZSM-5
MZ
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0.114
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0.219

0.442
0.347
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0.330
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0.009
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Trace
0.554
0.553
0.492
0.440
0.120

Trace

1445

1545 I
| | 1

: P:IZSM-S
[
! 1

MZ
t ' MZ-0
' ' MZ-5
' 'Mz-10
)

A 'Mz-15
o ! X
Mﬂ@/
]

Absorbance

1638

N
i

l MZ

M
H
: MZ-5

MZ-10

H

! MZ-15

H
IR e . 21

H

700 1 600 1500
Wavenumber/cm™

(a) Py-FTIR

1400 1700

1650 1600 1550
Wavenumber/cm™!

(b) Coll-FTIR

Bl 5 HZSM-5 Ko PE#h A1 Py-FTIR #40 Coll-FTIR i
Fig. 5 Py-FTIR and Coll-FTIR spectra of HZSM-5 and modified zeolites

1500



. 1964 - CRERR Sh2230)

J Chin Ceram Soc, 2020, 48(12): 1960—-1965

2020 4F

2.2 EEFIBEN

PR AT A S 2K 200 B HEAE A I 1)
SRR 3 Fon. WK 3 AT, BTA AL
N IRTIR AL R E R T 99%, £ B HZSM-5 K it
oA R YRR R e A A R B AE - & GC-MS
GINT, BRI R R L) R AR
(2,4- “IRFL Q- T B = B AK (2,4,6- =% Fe-s- =
AR COb), AR R A R R G I N AR
B, = RARE I S = R RN A R . HZSM-5
W BB = RARIAE R, TARAL I A RS MZ
KT D A R MZ-0+ BE g MZ-5. Bl MZ-10.
Fein MZ-15 F#A — @2 =5%1%. B Coll-FTIR
AIE1, HZSM-5 JLFEANEA SNRIIRYEAL, TR i
MZ K5 MZ-0. FEdh MZ-5. FEfh MZ-10. 8
MZ-15 # & H — 2 RN R IR LA, @i %y bl
A, ZRAFERAWAIMRIRIESL AR O/
=R N . AT 4 CTAB W BOUZ W B
NG AR W e, FES MZ-15 FIRE
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MZ-15 E=FRMEREMERA 2.1%, b MZ-20
EERARRIE R N . RARE BT AL TR B
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Table 3 Effects of HZSM-5 and modified zeolites on the
isomerization of styrene oxide

Conversion Selectivity/%
Sample No. rate/% 5" X 5
HZSM-5 99.1 97.0 2.1 0
MZ 99.1 87.3 23 9.5
MZ-0 99.1 87.4 24 9.3
MZ-5 99.1 88.5 2.1 8.6
MZ-10 99.1 89.6 1.9 7.7
MZ-15 99.1 94.9 2.0 2.1
MZ-20 99.1 96.9 2.1 0

a

S,—Selectivity of phenylacetaldehyde ; Sy—Selectivity of dimer ;
S—Selectivity of trimer; TOS=1.0 h.
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Fig. 6 Catalytic stability of HZSM-5 and MZ-20 in the
isomerization of styrene oxide
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