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Samples Sper®/(m?/g)  Swico®/(m?/g) Sen/(m?/g)  View®/(em®/g)  Vitiern?/(em® /) Viewo!/(em®/g)
Crystallinity®
ZM-0. 5 96 371 291 80 0.272 0.173 0.990
ZM-1 100 390 286 104 0.299 0.199 0. 100
ZM-2 108 368 297 71 0.243 0. 157 0. 086
ZM-5 95 396 282 114 0. 286 0.193 0.093
7ZSM-5 95 307 273 34 0.173 0.111 0.062

7 :a:Detected by XRD;b:Calculated by the BET method in the p/po range of 0. 01-0. 1;c:Calculated using Sgpr-Sgw ;d: Calculated using

the ¢-plot method;e:Calculated by measuring the amount of adsorbed nitrogen at p/po=0.99;{:Calculated using Vrowu -V Micro-
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Selectivity/ %
Sample Methanol Conversion/ % Yield of LH/ %
Ciy Cs 4 Chene Cloluene Ciylene Crms

ZM-0. 5 100. 0 44.7 39.9 1.1 1.3 7.3 6.8 34.3
ZM-1 100. 0 43.7 36.9 1.2 2.4 8.2 7.7 34.1
ZM-2 100. 0 43.2 37.2 1.2 2.5 8.1 7.8 34.0
ZM-5 99.1 50. 06 33.2 1.1 1.1 7.7 6.8 34.4
ZSM-5 100. 0 50. 8 29.9 0.7 3.9 9.6 4.7 31.2

¥ : TOS=6 h,400 ‘C,1 atm, WHSV=10 h™!.

I~

ABIEFEAEJH S A 1 25 T ZSM-5 43 O SR AR A, L JRURLEE R L Sl 8Na, O-100S10,-2A1,0;-250H, O-
xSeed-2CTAB(x=0.5,1,2,5) , i i BF 53 AS 5] s B i A 2 56 43 0 400 B4k 2 P 5 S AL MTG S (19 5 i
KB WG SRR A 3 22, S AR S L LR A AR L A b TR A AL L AR R A S B T e B R
2o BUA N 1B CRES ZM-1) A3 B KAE. 72 MTG R H L AR ZM-1 B B b i fa e v I i 1k 75 4y
(30 h) X VR T LA R 1 45 0 B L b e T AR A AL AL AR R AR, S5 A0 A H R 4 T 0 L A U ZSM-5 R AR
DA 17 LA A v 1 A T T 1 3K TR AR O D LA g 1) T B 2 1 T

Z % X W

[1] Luo G,Mc Donald A G. Conversion of methanol and glycerol into gasoline via ZSM-5 Catalysis[]J]. Energy & Fuels,2014,28:600-606.

[2] Simons SJ R. Beyond oil and gas:the methanol economy[ ]J]. Angewandte Chemie,2010,44:2636-2639.

[3] Boltz M, Losch P,Louis B. A general overview on the methanol to olefins reaction:recent catalyst developments[ J]. Advanced Chemistry
Letters,2013,1:247-256.

[4] Hartmann M, Hierarchical Zeolites. A proven strategy to combine shape selectivity with efficient mass transport[]]. Angewandte Chemie
International Edition,2004,43:5880-5882.

[5] Fathi S,Sohrabi M, Falamaki C. Improvement of HZSM-5 performance by alkaline treatments: Comparative catalytic study in the MTG re-
actions[J]. Fuel,2014,116:529-537.

(6] BRIAATEAR H VLA 55 ZSM-5 437 i i Ak Bt VT B2 r ) ot RERE A2 RN AP 52 [0 ). AL 2% 2% 4, 2017, 45 . 75-83.

(7] SRR GAAIE . B 22 45, ZSM-5/ZSM-22 S & AL 5R L3R L 1% MTG R i (3 i [T ], 1 4k T2, 2017,46:1251-1255.

[8] Meng F,Xiao W, Wang S, et al. Fluoride-treated HZSM-5 as a highly stable catalyst for the reaction of methanol to gasoline[ ]J]. Catalysis
Today.2017,298:226-233.

[9] Meng F,Wang Y.Wang S,et al. Hydration of cyclohexene over zeolite ZSM-5;improved catalyst performance by alkali treatment[J]. Re-
action Kinetics Mechanisms & Catalysis,2016,119:671-683.

[10] Meng F,Wang Y. Wang X. Methanol to gasoline over zsm-5 zeolite treated with alkaline mixture with different ratios of TBA* /OH [J].
KINETICS &. Catalysis,2018,59(3) :304-310.

[11] Meng F,Wang Y.Wang S. Methanol to gasoline over zeolite ZSM-5; Improved catalyst performance by treatment with HF[J]. Rsc Ad-
vances,2016,6:58586-58593.

[12] Rui F,Yan X,Hu X, et al. Hierarchical ZSM-5 zeolite designed by combining desilication and dealumination with related study of n-heptane
cracking performance[ J]. Journal of Porous Materials,2018,25:1743-1756.

[13] Bjorgen,Morten,Joensen,et al. Methanol to gasoline over zeolite H-ZSM-5 :Improved catalyst performance by treatment with NaOH[J].
Applied Catalysis A General,2008,345:43-50.

[14] Jin L,Liu S,Xie T,et al. Synthesis of hierarchical ZSM-5 by cetyltrimethylammonium bromide assisted self-assembly of zeolite seeds and

its catalytic performances[]]. Reaction Kinetics Mechanisms &. Catalysis,2014,113:575-584.



28 L7 SN S S A= I S = 1))

[15] Zhang Y.Zhu K,Duan X,et al. Synthesis of hierarchical ZSM-5 zeolite using CTAB interacting with carboxyl-ended organosilane as a me-
sotemplate[ ] ]. Rsc Advances,2014,4:14471-14474.,

[16] Wang Q.Xu S,Chen J,et al. Synthesis of mesoporous ZSM-5 catalysts using different mesogenous templates and their application in meth-
anol conversion for enhanced catalyst lifespan[J]. Rsc Advances,2014,4:21479-21491.

[17] Chen H,Wang Y.Meng F.et al. Aggregates of superfine ZSM-5 crystals: The effect of NaOH on the catalytic performance of methanol to
propylene reaction[ ]]. Microporous &. Mesoporous Materials,2016,109:1-9.

(18] Ak /. 2t 75 MiMB A . 5. AL IRI X ZSM-5/MCM-48 & & 4 i 45 14 Je MTG J2 b e 1 52 00 [T ). BRRHE 2% % 42, 2014, 42 225~
230.

[19] Meng F,Wang Y,Wang X,et al. Synthesis of ZSM-5 aggregates by a seed-induced method and catalytic performance in methanol-to-gaso-
line conversion[]]. Comptes Rendus Chimie,2017,20:385-394.

[20] Wu G,Wu W,Wang X,et al. Nanosized ZSM-5 zeolites: seed-induced synthesis and the relation between the physicochemical properties
and the catalytic performance in the alkylation of naphthalene[ J]. Microporous and Mesoporous Materials,2013,180:187-195.

[21] Razavian M,Fatemi S. Synthesis and evaluation of seed-directed hierarchical ZSM-5 catalytic supports:inductive influence of various seeds
and aluminosilicate gels on the physicochemical properties and catalytic dehydrogenative behavior[ ] ]. Materials Chemistry and Physics,
2015,165:55-65.

[227 Wang X,Gao X, Mei D, et al. Production of gasoline range hydrocarbons from methanol on hierarchical ZSM-5 and Zn/ZSM-5 catalyst pre-
pared with soft second template[ ] ]. Journal of Energy Chemistry,2015,24:490.

[23] Almutairi S M T, Mezari B,Pidko E A, et al. Influence of steaming on the acidity and the methanol conversion reaction of HZSM-5 zeolite
[J7. Journal of Catalysis,2013,307:194-203.

[24] Meng F,Wang X, Wang S.et al. Fluoride-treated HZSM-5 as a highly stable catalyst for the reaction of methanol to gasoline[ J]. Catalysis
Today,2017,298:226-233.

Hierarchical ZSM-5 Nano-Aggregates:the Effect of
Seed on the Properties and the Application in
Methanol to Gasoline

MENG Fan-jun’* WANG Ya-quan'

(1. School of Chemical Engineering & Technology, Tianjin University, Tianjin 300072 ,China; 2. Energy Research
Institute, Qilu University of Technology(Shandong Academy of Sciences) .Ji’nan 250014 ,China )

Abstract ZSM-5 aggregates were synthesized with hexadecyltrimethylammonium bromide (CTAB) in
seed-induced method. The effect of different amounts of seed addition on the physicochemical properties of
ZSM-5 and the catalytic performance in the reaction of methanol to gasoline (MTG) was studied. It was
found that with the increase of seed addition, the crystallinities, surface area and mesopore volumes in-
creased and then decreased,the crystal sizes decreased and the aggregate sizes increased. In the reaction of
MTG,the catalyst with high crystallinity,large surface area and mesopore volumes had the best stability
and the longest catalytic life time.

Key words ZSM-5; methanol to gasoline (MTG); hexadecyltrimethylammonium bromide (CTAB) ;

seed-induced



