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Fig.1 XRD patterns for the as-prepared zeolites
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Table 1 Elemental contents of as-prepared zeolites

w(MgO)/%
Sample x(Si/Al)  w(Na,0)/%
XRF ICP
HZSM-5 36 0.013 0.00 0.00
Mg@ZSM-5 35 0.029 1.80 1.85
Mg/ZSM-5 36 0.012 1.92 1.90

2.2 £5M-RI L8 R EF (UV-Vis DRS) RAE

R T S UETE i R A B T AR 2% R Mg
SR A AT R, 43 BIR; =R RE S AT T 4 Ah-TT
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HZSM-5 ¥ EIA L, Mg@ZSM-5 #£457E 204 nm
Qb BT A W A 0 3 A T A SCRR R R AR
230 nm H BRI B 0 A0 T R DA Ol 2% R F E A
ZSM-5 Wi A1 SRR, e L AT A Eh Y
& THEAT A B 209 Mg@ZSM-5 ik

Mg@ZSM-5 i) Mg i Al A 5485, W9k T
A BB Kt R B AE A, JE T E
AERYE. N THERANFER X —HE, X HZSM-
5 Fl Mg@ZSM-5 #f i 43 BIREAT Co™ 38 - vk ik
FrE A1 LT8R, AHSEEE SR ANE 2(b,c) Fis.
AT NS 13 000~24 000 cm i FE P 3 AT 5 0 43
W 0145 I35 4 M G SCRRHRAE AT 0, 15100 em ' FY38
AT IR T Co™ 78 ZSM-5 WA 138 78 FL3& P iy
o-type Bt £, 16000 cm ', 17150 cm ', 18 600 cm '
F121200 cm ' AR YA 0 FT ISR T Co™ 78 Wb 41 1Y
B 3E R AL E AN R 5% FL B 52 X ALEY B-type BL A,
20100 cm ' 122000 cm ' AMHLAIE AT IR T Co™
TEIE X AL LAY y-type BLA2E”, @ % =Fh Co™ L
V2 e v FR A e AT LLAS H B8 00 A B, Mg )
FhE A AT B 45, Mg@ZSM-5 & b i AL
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Fig.2 UV-Vis DRS spectra of different catalysts (a), peak fitting curves of CoHZSM-5 (b) and Co-Mg@ZSM-5 (c)
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Fig.3 SEM images and statistical distribution of particle sizes
(a) HZSM-5, (b) Mg@ZSM-5, (c) Mg/ZSM-5
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Fig.4 (a) N, adsorption-desorption isotherms and (b) DFT pore size distribution diagram of catalysts
R 2 EUFIHRMER
Table 2 Textural properties of all catalysts
Sample Seer' /(Mg Spiew /(Mg ) Se/ (Mg Viw /(Mg Vo /(Mg Vol (mg)

HZSM-5 382 253 0.259 0.104 0.155
Mg@ZSM-5 394 259 0.242 0.109 0.133
Mg/ZSM-5 361 260 0.233 0.103 0.130

a. Specific surface area calculated by BET model method; b. S, and V., are obtained from t-plot method,

c. The total pore volunme was calculated by adsorbed amounts at p/p=0.99.

—— HZSM-5
—— Mg@ZSM-5
—— Mg/ZSM-5

TCD signal (a.u.)

Weak Medium Strong
1 1 1 1
100 200 300 400 500 600
Temperature/°C

Pl 5 N[RIRFE AL 4 NH,-TPD £k
Fig.5 NH;-TPD spectra of the as-prepared zeolites
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W BRI S5, (BAR B B4 i LA
151, [FVRESSHE A SRR A3, DR A ROR R Atk
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T MR T RS Mg WA th Mg Y)Fh
B A3 A B0, 43 5L 10 nm Sy I S6F 6] FE #4726 18 0
% 30 nm [X[A] N Mg 1s XPS k5 R 1F, 45 &l 7
B, 3 AR LA & B Mg@ZSM-5 K i R i Mg 4



%2 o BREE: HZSM-5 Wi ARt MLt 25 [R] R/ INRE X PO B D5 Ha A TR A ™ e B P 1y 52 147
@ 00 °C B B+L L ®) 350 0c B B+L L
Mg/ZSM-5 ; :
S =
’xg Mg@ZSM-5 g Mg@ZSM-5 '
2= H 2 H
< =
HZSM-5
1800 1700 1600 1500 1400 1300 1800 1700 1600 1500 1400 1300
Wavenumber/cm™ Wavenumber/cm™
Pl 6 fEALTIFEIRE A 200 F1 350 °C (Y Py-IR 1A
Fig.6 Pyridine adsorbed FT-IR spectra of catalysts at 200 and 350 °C
& 3 HZSM-5.Mg@ZSM-5.Mg/ZSM-5 ] B E&%N L BRER 2
Table 3 Amounts of B acid and L acid of HZSM-5, Mg@ZSM-5, and Mg/ZSM-5
Total acid sites (200 °C)/(umol- gfl) Strong acid sites (350 °C)/(umol- gfl)
Sample B L B+L B/L B L B+L B/L
HZSM-5 223 25 248 8.92 147 14 161 10.50
Mg@ZSM-5 353 88 441 4.01 257 35 292 7.34
Mg/ZSM-5 74 173 247 0.43 62 110 172 0.56
(@) 1304.03 Mg@ZSM-5 (b) 1 303.84 Mg/ZSM-5
I M 1s MM
1 1 0 nm
1 1
1 0 nm 1.304.05
- 11 304.05 = 1
& 1 8 1 10 nm
z ' z !
z N Z 11304.30
= f =
: 20 nm 1130442
1.304.11 MW/W
_W/\\__,ﬂ’;‘l“__w
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Binding energy/eV

Binding energy/eV
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Table 4 Propane aromatization catalytic activity of different samples

Sample Conv. (C;Hg)/% Sel. (Aro)/% Yield (Aro)/% Yield (BTX)/% w(BTX/Ar0)/%

HZSM-5 97.43 33.40 32.54 24.50 75.29
Mg@ZSM-5 85.93 28.59 24.57 20.04 81.56
Mg/ZSM-5 43.90 18.42 8.09 7.50 92.78
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Influence of Acidity and Pore Space Regulation of HZSM-5 Zeolite
on Propane Aromatization Activity and Product Selectivity

MA Yue, HUANG Lingxiang, TAN Yuhang, AN Haitao, ZHANG Qiang, ZENG Penghui,
ZHU Xiaochun, SHEN Baojian*
(State Key Laboratory of Heavy Oil Processing, College of Chemical Engineering and Environment,
China University of Petroleum, Beijing 102249, China)

Abstract: Selective regulation of light hydrocarbon aromatization products is a hot and difficult topic in the
research of aromatization catalysts. This article investigates the effects of acidity and pore space control on the
selectivity of propane aromatization products in HZSM-5 zeolite using Mg as a regulating element. The samples
were prepared by using zeolite framework modification and incipient wetness impregnation methods, respectively,
Mg@ZSM-5 and Mg/ZSM-5 samples were obtained and used as a catalyst for propane aromatization. The results
indicate that different modification methods have a significant impact on their Mg distribution, acidity, and pore
structure. After introducing Mg species through in-situ synthesis, the Mg species were uniformly distributed in the
catalyst, the total acid, B and L acid content of Mg@ZSM-5 zeolite increased compared to unmodified HZSM-5,
but the B/L value significantly decreased. The Mg/ZSM-5 sample prepared by impregnation method mainly has
surface and shallow distribution of MgO, compared with unmodified HZSM-5, it eliminates a large number of B
acid sites and effectively increases the amount of L acid sites, while the overall acid content remains unchanged. It
is found that total pore volume of both Mg containing zeolites decreased compared to the HZSM-5 sample, and
the decrease in pore volume improved the BTX selectivity in the distribution of aromatic products. The results
also indicate that the decrease in zeolite B/L ratio is the reason for the decrease in propane conversion rate. The
change in acidity also leads an obvious change to the aromatization reaction temperature, compared with HZSM-
5, both the propane activation temperature and aromatization temperature of Mg@ZSM-5 and Mg/ZSM-5
increased.

Key words: propane aromatization; BTX selectivity; pore volume; B/L ratio; Mg modified zeolite


https://doi.org/10.1016/j.fuproc.2017.03.026
https://doi.org/10.1016/j.jcat.2021.07.029
https://doi.org/10.1039/D0CY00978D
https://doi.org/10.1039/D0CY00978D
https://doi.org/10.1080/01614949208020306
https://doi.org/10.1080/01614949208020306
https://doi.org/10.1080/01614949208020306
https://doi.org/10.1080/01614949208020306

	1 实验部分
	1.1 原料
	1.2 催化剂的制备
	1.3 催化剂表征
	1.4 催化剂性能评价

	2 结果与讨论
	2.1 沸石材料的XRD表征
	2.2 紫外-可见漫反射(UV-Vis DRS)表征
	2.3 扫描电镜(SEM)表征
	2.4 低温氮气物理吸附(N2-physisorption)表征
	2.5 氨气程序升温脱附(NH3-TPD)表征
	2.6 吡啶红外(Py-IR)表征
	2.7 X射线光电子能谱(XPS)表征
	2.8 催化剂性能评价及产物分布讨论
	2.9 程序升温表面反应(TPSR-MS)表征

	3 结论
	参考文献

