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Effect of Magnesium Oxide Modification on the Catalytic Performance
of Nanoscale HZSM-5 Zeolite for the Conversion of
Methanol to Propylene

MAO Dong-Sen" GUO Qiang-Sheng MENG Tao
(Research Institute of Applied Catalysis, School of Chemical and Environmental Engineering, Shanghai Institute of Technology,
Shanghai 200235, P. R. China)

Abstract: A series of nanoscale HZSM-5 zeolites modified with different amounts (0—8%, w) of magnesium were
prepared by an impregnation method and characterized by X-ray diffraction (XRD), Al solid state magic angle spinning
nuclear magnetic resonance (YAl MAS NMR), N,-adsorption/desorption, temperature-programmed desorption of NH;
(NH;-TPD), and pyridine adsorption Fourier transform infrared (FT-IR) methods. The conversion of methanol to
propylene was tested in a continuous flow fixed-bed microreactor at atmospheric pressure, 500 C, and a methanol
space velocity (WHSV) of 1.0 h™. The results indicated that with an increase in the amount of Mg, the selectivity of
propylene and butene increased but those of methane, ethylene and aromatics decreased consistently. With an increase
in the amount of Mg the stability of the catalyst was found to increase initially, pass through a maximum at 2% and
then decrease with higher amounts of Mg. The effect of modification with magnesium oxide on the catalytic
performance of the nanoscale HZSM-5 zeolite for the conversion of methanol to propylene can be attributed to the
resultant changes in acidity and texture of the modified nanoscale HZSM-5 zeolites.
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Fig.1 TEM image of nanoscale HZSM-5 zeolite
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Fig.2 XRD patterns of the different nanoscale
HZSM-5 zeolites
HZSM-5 zeolites modified with 1%, 2%, 4%, and 8% (w) magnesium
are denoted as MgZ-1, MgZ-2, MgZ-4, and MgZ-8, respectively.
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Fig.3 %Al MAS NMR patterns of the different
nanoscale HZSM-5 zeolites
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Table 1 Specific surface area and pore volume of the
different nanoscale HZSM-5 zeolites
Sper/(m?+ g ™)

Sample - Vi (cm® g™)
total micropore external

HZSM-5 374 227 147 0.24

MgZ-1 342 223 116 0.24

MgZ-2 326 219 103 0.24

MgZ-4 320 217 98 0.22

MgZ-8 260 188 65 0.18

AR —E, AT R B, BE Mg 25RO n, A 5 55k
FLEL AU, AN R TSR, Fakgh
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Fig.4 NH;-TPD profiles of the different nanoscale
HZSMS-5 zeolites
TCD: thermal conductivity detector
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(B R0 ) Bk ML R Ho0 ) BT 3 A 1 (Mg +
OH—Mg(OH)"); (2) Bi#&E Mg & & 1, Mgo/
HZSM-5 # i B R FHO S AR W b, i L g
OEETE Mg &R 190 R K, 25 E Mg
R T E— 2 R D, X R T
Mg(OH)* = [8] & A AH 5 45 4 T 3.

HZSM-5

%
02
N

Absorbance
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i
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ofem™

5 AEIYK HZSM-5 53 F i IR B AL AE 22 100 °CHj Bt
589 FT-IR #if
Fig.5 FT-IR spectra of pyridine adsorbed on the
different nanoscale HZSM-5 zeolites after desorption
at 100 °C

®2 AEHXK HZSM-5 5> F i) B B&F1 L BRI RS
(A)% B BRFN L BP0 B P (Vy/ VL)
Table 2 Absorbance (A) of B acid and L acid sites,
and the ratio (NVy/NV,) of the different nanoscale
HZSMS-5 zeolites

Ag AL Np/Ny,.
Sample
100 € 300 C 100 °C 300C 100C 300 T
HZSM-5 0.348 0212 0436  0.133 1.06 211
MgZ-1 0162 0.090 1121  0.258 0.14 0.35
MgZ-2 0.126 0.053 1.022 0.220 0.16 0.32
MgZ-4 0.101 0.042 0.843 0.173 0.16 0.32

MgZ-8 0.070  0.021 0.671 0.143 0.14 0.19
B acid: Brgnsted acid, L acid: Lewis acid, Ng/N;: the ratio of number of
B acid to that of L acid

2.7 fEURRIMERE

HZSM-5 43 T i fi 4k MTP 52 b 1 78 o 5 2 B
H W= rnsb, 8 Wkt . CReRNBESERE, 2
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Yk HZSM-5 43 F- i fi Ak 390 1 J By Bsf = 22 7= 1 1)
TEREE DL R A AR 500 8 s M0 2 25 L. Hh el AL
(1) MgO/HZSM-5 #AL ] A AT M () e Bk i
F T HZSM-5 AL, 11 HBEE Mg & 5 i 75
BB R A, (2) MgO BUrEAL ] H ke A
55 I 1) e PR EBAR T A oM O FE i, T ELBE % Mg
BT E R EIR DN (3) 24 Mg & BT (1%-
4%), MgO BUPE AN 20 5Pk 7= A B I8 0 5
H2Y4 Mg & =55 5 (8% ), 20 Bk I 3 AR
(4) LR RS s M SEE Mg 25 0 0 T 1 1 2 388
K, & Mg &ah 2%k 5k, 2 )5 L Mg &
WA IE— R RRAL. RS R, R
MgO BUHEARAAR = 1T B 8974 s i s Rk, i HL
RARFE R T HEAL RS 1.

#£3 FTEHK HZSM-5 o F i3t BEEF L H W H
HIfE1L 1B
Table 3 Catalytic performance of the different
nanoscale HZSM-5 zeolites for methanol conversion to

propylene
Distribution of main products (%)" Life time

Sample .

methane ethene propylene butene aromatics (h)
HZSM-5 11.6 14.2 30.1 11.8 16.5 75
MgZ-1 7.5 14.5 32.2 13.5 15.8 90
MgZ-2 5.9 14.2 35.2 14.8 15.1 125
MgZ-4 5.7 14.1 36.8 14.6 13.0 115
MgZ-8 3.5 12.6 39.0 17.3 10.8 65

m(methanol):m(water)=3:7, WHSV(weight hourly space velocity)=1.0
h™, m(catal.)=0.50 g, p=0.1 MPa; conversion of methanol: 100%;
" molar fraction
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Fig.6 TGA curves of the different nanoscale HZSM-5
catalysts after reaction
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T A A B RO i 4 oK HZSM-5 43 F- 1 1)
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