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Effect of Alkaline Concentration on Mesopore Formation in Acid Pre-treated HZSM-5
Zeolite and Its Catalytic Performance in the Methanol-to-Gasoline Reaction
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(Key Laboratory of Coal Science and Technology, Ministry of Education and Shanxi Province,
Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Modifying of ZSM-5 molecular sieve in acid and alkaline solution was studied at 80 °C. For the post
synthesis, dealumination prior to desilication step was critical for the following mesopore formation by desilication
and the effect of alkaline concentration on the crystallinity, porosity, morphology and acidity of zeolite was
investigated by deep characterization of BET, XRD, FT-IR, NH;-TPD, and TEM. It was found that the
microporous structure was well reserved in acid dealumination alone, alkaline desilication could promote smaller
mesopore. However, acid dealumination before desilication facilitated the mesopore formation resulting in larger
pore volume. When the concentration of alkaline solution was increased to 0.6 mol+-L™, both the pore volume and
Sea/Suicr firstly increased and then decreased. The sample via post treatment of 2 mol - L™ HCl and 0.4 mol - L™
NaOH solution was found to have higher proportion of mesopores, less amount of acid sites, especially strong
acidity. Methanol conversion to gasoline reaction was carried out in a fixed reactor at 400 °C, 0.1 MPa and
WHSV=2.1 h™". The sample subjected to 2 mol-L.™" HCI acid solution and 0.4 mol -L™" NaOH solution exhibited
greater improvement: the yield of gasoline range increased to 34wt% from 30wt%, the lifetime was prolonged to
135 h relative to parent ZSM-5 and the content of aromatics was decreased from 73wt% to 20wt%. The results

were well rationalized by alterations of acidic properties, mesopore formation and improved diffusivity.
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Table 1 Textural properties of different HZSM-5 zeolites

Sample Sper / (m?+g™) Se 1 (m?+g™) Spien’ 1 (m*+ g™ St ! Suicwo Vi [ (cm*-g™)
HZSM-5 353 42 310 0.14 0.23
HZSM-5(2-0) 326 38 288 0.13 0.22
HZSM-5(0-0.4) 348 83 265 0.31 0.24
HZSM-5(2-0.2) 348 111 237 0.47 0.30
HZSM-5(2-0.4) 351 160 191 0.84 0.81
HZSM-5(2-0.6) 365 159 206 0.77 0.46

* t-plod method; * Total pore volume

Bk BRAH LU IR Ak BR BT REIE U FLES M, T LA HCL
WRHEAT IR TR AR J5 P LA NaOH ¥ R G RE AL 3, 7T 1]
AR HEA LA R BRI, 4 AR S HZSM-5(2-
0.2) HZSM-5(2-0.4) Fl HZSM-5(2-0.6) 4 2 2t 1 /i L
MEVREA 19 “Type IV 7 Y0 156 B i 2R A4, BAL 2
R W F S TR 2 S A LTI AR 1), B
AL BV B B, A T O RE A I LR AL S
TACAL T 2R T BR FU B X ST R AR 4 A v 32
0.4 mol - L' I, 7379 /i FL 5 3l AL L R M A 22 LE AN
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0.0 0.2 0.4 0.6 0.8 1.0
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0
Bl 1 HZSM-5 30 10 N, I8 B S 26 O 2
Fig.1 N, adsorption and desorption isotherms of
different HZSM-5 zeolites
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A arnn. M
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I " HZSM-5(2-0.4)
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K2 HZSM-5 4 T iy XRD &
Fig.2 XRD patterns of the HZSM-5 zeolites

#&2 HZSM-5 5 FlaMIEXT &R E »
Table 2 Relative crystallinity of the HZSM-5 zeolites

Catalyst HZSM-5  HZSM-5(2-0)

HZSM-5(0-0.4)

HZSM-5(2-0.2) HZSM-5(2-0.4) HZSM-5(2-0.6)

Relative crystallinitya / % 100 83

75 42 40

* Crystallinity of ZSM-5 zeolite is represented by the sum intensity of the 5 characteristic peaks in the range between 20.0° and 25.0°;

> (peak intensity of modified HZSM-5)

Relative crystallinity is calculated by the equation:

Y (peak intensity of HZSM-5)

x100%.
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a: HZSM-5; b: HZSM-5(2-0.2); ¢: HZSM-5(2-0.4); d: HZSM-5(2-0.6)

K3 A TR il B2 A B 235 0 ) SEML ]
Fig.3 SEM pictures of HZSM-5 zeolites modified under different alkaline concentration

TR, 1 SEM BRI UL(IE 3), B & B 4b 315 32 15
ST, e MR E K, 455
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LB 25 S i 75% W 8 T R 21 40% , 4% B 5 o 1)
B Ak P 2 B A S | O R B 1 R A | 3 AR
HZSM-5 528 (0 = S I8 o 1 ik — 20 5 G i 48
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W BE AL B 43§ T AT T RYIRIE

& 4 J AN [F) v 3 e Ak 38 5 HZSM-5 43 T i 1)
FT-IR B, AT WL, ik B S AS [6] 43 7 0 Y9 78 449
544 798 .1 090 Al 1 220 em™ &b 8L T HZSM-5 43
05 4 AR AR AT SR 042435 B e A 3L S 435 O AT 4K I
F§ T —E W HZSM-5 FRIEE 28454, X 5 2 XRD
RAELE B SR —20, Kb 449 em™ Ab W I &
T Si0, A A1O, U T-0 #ER 2 i #R 3h(T H Si
5 Al),544 F1 1 220 em™ AWMU I & T MFT 2544
SR TG R I HR S I, 798 em ! Ak I i i 2 AR S
A T-O-T X FRAR 45 4% 2 WO |1 090 em™ P4
AT A4 PS8 T-O-T B 1 SR Bk 4 iz 2, Bt 35 i Ak 2
WRBE TGN, 544 e Ak W ST e AR T 558 85 4% W7 B AR
Ut B A B iR BB R 4TS A R R S 2 4

S —F0, 1 090 em™ MR UG 344 58 | 3 AT BB 2 2l
SRR TR A SR BRI A T RSERON A
YU N AS i | A P sh 38 9 I 2 i 1220 em! Ab
W A U e I A Ak B 5 8 1 1 R R T S, WA
B RO, X 3B B T R AL B S 6 0 BB
IR T Si-0 A Al-O HAE K A9 AR fRPN X Al ik 27 i

——— HZSM-5
544 HZSM-5(2-0.2)
449; 7;98 ——— HZSM-5(2-0.4)

1220
1090 :

HZSM-5(2-0.6)

/L
T L T L T AT 1 7
500 1000 1500 3000 3500 4000

Wavenumber / cm™
4 AR B b PG 43T 0 FT-IR
Fig4 FT-IR images of HZSM-5 zeolites modified under

different alkaline concentration
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S IR 53 F IR R VE T i AT T RESE

5 kA ) Bk ik B Ak B S A b 1 NH,-TPD 3%
fE, AT UL BB AR Al I TE 200~300 °C,300~450 °C Al
450~550 CAb H B 3 A~ BH b 10 2 M BRF 0 43 Sl % i
F HZSM-5 M55 18 | r o i A1 iR 1) J58 B 0Gees . X ke
i A 3RS J R ) O RS T B R TR AR, IR XN TR R
it B R PE R4 T e 405 AR (FR 3), R IL,
B b FR AT B 92> HZSM-5 43 i i R i, 3X 2 (]
Ry R kA B 3 B A3 O B SR IAR AR R R s | il
R R o FEBlJE 0.4 mol-L Y NaOH 4b# )5 |
HZSM-5(2-0.4) 4% ~F i 4 it 55 B2 | i o iR 1 ik % 1% ot
HH s/ i LR R R B S A {H HZSM-5(2-
0.6) 7 i 5% (9 B 4b B 5 | R 5 AH L HZSM-5(2-0.4) F
st 3 T LR 1 5 3T R A RIS 174 0 0
TE B T 5 R >

Peak 1T

200 300

.4(l)0 500 600
Temperature / C
S TR Bk B Ak B 53 1 075 B9 NHL-TPD
Fig.5 NH3-TPD patterns of HZSM-5 zeolites modified

under different alkaline concentration
Kl 6 R R AL B 5 HZSM-5 43 i () TEM &
AU A AR A 3 HZSM-5 52 B I MFT 23 0 T
JEFRAE IS AT Al RS | B Ak B 3 B O % TR

Bt 30 BRI I EL AR AR R SN | 15 B R Ak B RT A
—ERSE OB IRAE R i ELRE A Ak B Y
P MR FR B K HZSM-5(2-0.2) Tt 8L T — 2%
FI (OS2 BE X 3, B NaOH IO B (1 ifE— 202
HZSM-5(2-0.4) 43 i tH 30T 2 Bl e w3 IR i 4544 | i
HR/NTE 2~15 nm(&l 6¢), 3% T U & T 5350 P
REIE A AL, 4 NaOH 3 WV B2 1 03 0.6 mol -
L B (Bl 6d), HZSM-5(2-0.6) 43T i 1 4 FL AL 38 5 n
W 04 ik Gl v A BT SRR U I 43 i Y
AL 25 4 1 2™ FE RO XN, IR BB T XRD
ZER 3,
2.2 EAFIAEEIEN

7E 0.1 MPa, 400 °C Bt %S 3 2.1 h™' S0 5%
PR, N RR T AR IS PR AL BRI HZSM-5 FF a2k AT
MTG S PEREVEAR , AN 8] 53T W e Wie 5 B B i
T SRR S A N BT DB L S e R ST
WIRWCRIB B 30% ) , G, AH LLEIT &, it
Pk R 0] B A R R 4 0 A AL R B i DR I
K HZSM-5(2-0.2)fE A F (4 8 e W3 K- AT AR
JE 60 h,RE I8 RTE, hITH 4R 0.2 mol - L Y
A S FLA WD HG R (3R 1), B Mk T W AR 5 (R
3), BRIB I FLAT 3R & T8 BOH R (AR B AR T
UK 25 5 NBICFL R BB AR R 05 iRt X
GERT R HEAT , BIE 0.2 mol - L AR AL LS 43
T BT RRBR PE R AR B, MR T o0 Y T
PERERE M HZSM-5(2-0.4) 7> Fifi M fL & i £ |, B
AR FLE LR | Bk e 55 | s MR R K
AIEE S 110 h, RG22 K05, ML 0.6 mol - L7 (1)
BRAL B 5 | HZSM-5(2-0.6)f# 1k MTG J5 i 14 3 4 Yo 2%
FIF7 A A L HZSM-5(2-0.4) 314 — & B B BRI, X
FBE O HZSM-5(2-0.6) 2 7 4 Lt HZSM-5(2-0.4)
Oy TR R | HLA AL s R A R
{H15 1 B A2 , HZSM-5(2-0.6) f1 HZSM-5(2-0.2) % it
W i B AR {H 2 HZSM-5(2-0.6)fE b MTG S 1
PV I8 WS 23R R 3 e T HZSM-5(2-0.2) , BESR W51t

x3 AEWKELES FRHIERMESR
Table 3 Acidity of different HZSM-5 zeolites modified under different alkaline concentration

Distribution of acid sites / (mmol-g™)

Samples
Total Weak (200~300 <C) Moderate (300~450 C) Strong (450~550 °C)
HZSM-5 1.24 0.49 0.09 0.66
HZSM-5(2-0.2) 0.57 0.37 0.11 0.09
HZSM-5(2-0.4) 0.39 0.28 0.04 0.07
HZSM-5(2-0.6) 0.53 0.36 0.08 0.09
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a: HZSM-5; b: HZSM-5(2-0.2); ¢: HZSM-5(2-0.4); d: HZSM-5(2-0.6)

Bl 6 A [l 3 % S22 Ak FHLO3 B 9 TEM ]
Fig.6 TEM pictures of HZSM-5 zeolites modified under different alkaline concentration
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Table 4 Hydrocarbon components distribution

HZSM-5 HZSM-5(2-0.2) HZSM-5(2-0.4) HZSM-5(2-0.6)
Yield / wt%
Cl 0.95 0.90 0.86 0.88
c2 0.66 0.61 1.05 1.32
C3 9.27 8.80 5.58 5.32
c4 6.83 2.95 0.76 4.05
C5 1.87 2.96 0.08 7.58
C6 1.04 2.77 1.20 2.49
Cc7 6.8 7.11 6.50 4.94
C8 7.61 0.85 12.30 2.02
C9 1.94 10.50 7.27 5.34
C10 0.34 3.53 4.48 6.34
Cl11 0.27 0.32 0.85 0.76
C12 0.31 0.54 1.15 0.05
Cp. 0.23 0.85 1.12 0.57
Hydrocarbon products 38.12 42.68 43.20 41.65
Cs/Hydrocarbon products 53.54 68.96 80.90 72.24
Water 56.01 55.97 56.24 56.11
Others 5.87 1.35 0.56 2.24

—=— HZSM-5
—e— HZSM-5(2-0.2)
—v— HZSM-5(2-0.4)
—»— HZSM-5(2-0.6)

Liquid hydrocarbon yield / %

0
0 20 40 60 8 100 120 140
Time/h

7 AI[E HZSM-5 439 1 0 Wi 5 B et 1 22 4 P
Fig.7  Yield of liquid hydrocarbon on different HZSM-5

zeolites via time
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Fig.8 Hydrocarbon component distribution on different

catalysts
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