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Abstract: Hierarchical ZSM-5 zeolites were prepared by desilication and sequential desilication-dealumination
using commercial ZSM-5 zeolite as raw material. The samples were characterized with XRD, FT-IR, SEM, TEM,
and N, adsorption-desorption isotherms. The catalytic performance was investigated in methanol to gasoline (MTG)
reaction. The results indicated that the hierarchical ZSM-5 zeolite catalysts with abundant intracrystalline meso- and
macropores could be prepared by desilication or sequential desilication-dealumination treatment. Compared with
commercial ZSM-5 zeolite, the hierarchical ZSM-5 zeolites had higher mesopore surface area, larger mesopore
volume and higher accessibility index, but with less acid amount and lower acid strength. The results of catalytic
performance evaluation showed that the gasoline yield and lifetime of hierarchical ZSM-5 zeolite catalysts were

significantly enhanced after modification. Simultaneously, the yield of aromatic hydrocarbon was reduced.
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Compared with the sample prepared by the desilication treatment, physicochemical properties and catalytic

performance of the hierarchical ZSM-5 zeolite prepared by sequential desilication-dealumination treatment were

improved.

Key words: hierarchical ZSM-5 zeolite; desilication by alkali treatment; sequential desilication-dealumination;

methanol to gasoline
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Fig. 1 XRD patterns of samples
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Fig. 2 N, adsorption-desorption isotherms (a) and pore size
distribution curves calculated from the BJH adsorption branch
(b) of samples
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Tablel Textural propertiesof samples

C

RC? Sger’

Smicro

d c f g
Vtotal Vmicro Vmcso

Samples  Tor ity iyl Amiel)  Memigh)  Memgh  femgh AR
C-ZSM-5 100 242 231 0.148 0.123 0.054 27.4
BT-ZSM-5 85.3 213 133 0.287 0.070 0.219 19.5
BAT-ZSM-5 85.6 305 160 0.423 0.085 0.345 20.1

4 RC, relative crystallinity, calculated by XRD; ® BET surface areas; © Micropore surface areas calculated by t-plot method; ¢ Mesopore
surface areas equal to Sggpr minus S, © Total pore volume measured at a relative pressure (p/pg) of 0.99; " The t-plot micropore volume;
¢ BJH adsorption cumulative volume; bCalculated by XRF, SAR represents SiO,/Al,0; mole ratio
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K3 C-ZSM-5(a)~(b), BT-ZSM-5(c)~(d)Fl BAT-ZSM-5(e)~(f)
FEF T SEM(a). (c)- (e)F1 TEM(b). (d). (DFEH

Fig. 3 SEM (a, c, e) and TEM (b, d, f) images of C-ZSM-5 (a,
b), BT-ZSM-5 (c, d) and BAT-ZSM-5 (e, f)
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IR B 4 BT LA Y, 20 B4k P R B Ak FE
Jei, B RS AR B U i T AR GRS, S HLG
AL AR 7 I 3, 15 BH L 5m B A FH 55 B8 62 A H
P B B, T LR o A P59, X A2 T AR R
A PR B PRI A A AL R FE b, 43 O BE RE SR,
RER ZSM-5 73 FififlEAsR B AL B84 A1,

a——C-ZSM-5
b—BT-ZSM-5
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a
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Kl 4 Ff5 1 NH;-TPD Bt
Fig. 4 NH;-TPD pattern of samples

R2 HRNBRMEMERESH
Table2 Acidity and acid distribution of samples

Cyw G (Gt €y

Samplemolg™)  fumol-g ) Aumol-g ) Y
C-ZSM-5 304.5 222.2 526.7 0.73
BT-ZSM-5 2334 206.0 439.5 0.88
BAT-ZSM-5 237.9 214.0 451.9 0.90

C,, represents the amount of NH; adsorbed on weak acid sites;
C, represents the amount of NH; adsorbed on strong acid sites.

SRR E AR R R AEARF AP, WE 2 &
ATLAE H, SHacFRA G, BRI & A FE G BE i 1
SEER A SS MR A ELfE e 0.88 _EFFF) 0.90, X FEEH
TR A FR e b T Bk Ak 3 5 Bk BE 7 FLIE G e TR AR
Vi, DRSS RRIR S PEAK, SRARER EAHXT T A
242 FT-IR 9#h

BE S nE P 204k il s BoR, Hop,
1445 cm™ ALRIIRSNERTIHIE AN L BRAL, 1547 A1
1637 cm™' LI IH & S B BRAZ, 1490 cm ™" &b I IH
J&N B BRAN L BR AL R DTk . AHRIFE S B BRAN L
FRIR BN 3 Fiom. MR 3 WTLLEH, Sl
ZSM-5 5 T R AR EL, 2B A FEAE S G B IR IR &
Hy 378.3 pmol-g ' KIEFEAE] 284.1 pmol-g ™!, i L
FRER EES A N, X EERHT B BREERET
ZSM-5 4310 B 2R 4k 4 rp DU R AL 4, A B IR T
T SRR, T ECE RV B AL AR 1 2 AR,
TELEYFI N, B BRRERE T, LRRE
Ban. SRR b, 2 BRI E A A FE R RE R B
MR 1N, L R PR A, X2 i T AR AL FR e 1
T A B Ji5 7k B LE FLIE R T 8 FE B R, IR L PR
Wi R A, B ERER B AR T, 75 BER AT L BRI LL
i 1.83 A3 2.11.

X T2 RALorim, LI P ER A7 ) ] Bz v
EU TR T 5 A B S N B B B SRR 13], 523640 i A
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Fig. 5 IR spectra of pyridine adsorption of samples
F*3 HmMERE. BAYSHMEG A AT EEY
Table3 Total acidity, acid distribution and
acid site accessibility of samples

Pyridine adsorbed Collidine

2 adsorbed/

Sample /(umol-g ") (umol-g )
Cop"  Cip® CpptCrp Cpp/Crp Cpc®  ACI
C-ZSM-5 3783 1483 526.7 2.55 589 0.156

BT-ZSM-5 284.1 1554 4395 1.83 67.9  0.239
BAT-ZSM-5 306.4 1455 4519 2.11 1263 0412

? Cpp represents the amount of pyridine adsorbed on Brensted
acid sites; ® Cyp represents the amount of pyridine adsorbed on
Lewis acid sites; © Cgc represents the amount of collidine ad-
sorbed on Brensted acid sites

B 15 BAA FERIMERE (209 0.56 nm) A1 2, 4, 6-—H
FEAEBE (L) 0.74 nm)TENIREL 701, FIFHALAM G
KM ZSM-5 43 -0 A b PRT IR 14k o7 mT B3 M i 2
“cn” , &RNE 3. WFE 3 ITLLEH, TRk
ZSM-5 73 ¥, H ACIEAN 0.156, X & H T 317
SEARZIN 0.74 nm ] 2, 4, 6-= LML IEASBEREA
2| ZSM-5 4 F i I FLFLIE (2 0.54 nmx0.56 nm)
W, HBEF BN BE Sk AR T SR A E ), R
EREMP B IR ERCD, (Hig ACT Tafanig K2
0.239, X FEEZH TG, 7t gl AKE
A FLATR AL, 315 2, 4, 6-= HI FEREIE AL s HE\ B
Iy T AR N A B 2 1) B IR . UFE R &R
B A A, TR A (IR B 7R FLIE PN AR T R
BV IR A e T, R FLIE S5 0 5 D i
W, FishRIEAIE 2, Rk 2, 4, 6-= It
WERTIE ) B BRER S — B IG I, ACT FREUKIR Y
) 0.412,
25 MTG &L HsEITEM

1 AL AR 100% 5 0L, ANE 2+
REAEAGT B MTG SR J5 7 i ST B At ) 34 22 44
6 Fin, ARERWIN &2 INER 4 k.

70 F
L (a) W

60 f“,d"
0T —= C-ZSM-5
Sl —e— BT-ZSM-5
= | —a— BAT-ZSM-5
o -
£ 30T

20

10

0 1 n 1 n 1 n 1 n 1 I 1 1

0 20 40 60 80 100 120
Time / h
40
| (®)

301
N |
5 20l —=—C-ZSM-5
I —e—BT-ZSM-5
> —a— BAT-ZSM-5

10

0

0 30 60 90 120
Time /h

Bl 6 AN MTG A7 LR35 (a) A 55 J (b) e 3 Bl I 1] £

Ak

Fig. 6 Change of yield of gasoline (a) and aromatic hydro-

carbon (b) on different MTG catalysts with time

T4 MTGCREEREEYEENHE
Table4 Product distributions of MTG reaction

Yiwt% C-ZSM-5° BT-ZSM-5" BAT-ZSM-5°
c, 3.47 2.82 235
C 2.08 2.46 224
C, 23.62 13.04 12.29
C, 14.55 15.22 15.25
Cs 19.23 32.43 33.24
Ce 2.99 235 2.55
c, 12.03 5.34 4.93
Cy 15.22 13.65 12.71
Co. 6.81 12.69 14.44
Cs./Gasoline 56.28 66.46 67.87
hyﬁ;gf;?ggnd 37.05 34.03 34.63
Conversion 100 100 100

® The mean value of 17 h; ® The mean value of 92 h; ¢ The
mean value of 115 h; ¢ The sum of C¢-C, aromatics

& 6 TR I, DAL ZSM-5 43 0 R
£ MTG BT R 17 h B S 6 50E, 5 %,
28t g b BE(BT-ZSM-5) B R i 52 5 4b 3 (BAT-ZSM-
5) 5 FRE il 46 S 3 5 18] 29 0l K@ S K 21 92 #1115 he
X E B 5 T AL 5 E AL ZSM-5 4 Ui a1
WEINT KRENFLRKAL, ACTFREIE K, REYS65E
T MTG RPGERE K F ML R kA, 6
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EA, & BREE A AL % 2 JAL ZSM-5 73 L I o) 3 S Rk 1199

PRy B, R T R R A A R, T FE
AR RIEE R . RIE &AM SRS E T
LB MA LI — D EE, Ko FRENERST
BCE AE Y, PR, AL R R D BRI
MEE 6 BT, B SN e K, B A
A B VR (Cs RO R IZ M 7, 1 55 Kk
RIRWTT o HAel Ak HE R R A A ERE S L
A ZSM-5 43T i Ak 77 B A B8 e B9 W 2 FH B
K 1) 75 K (s B e P9 TR P 35048 o AR 4R, Bl
A B R R A Ak AT B B SE K 4 O R 7 ) e
R 75 i e iR e i g, R RS RN

SR ATTAL, FTA R MTG N =4 32 22
HORVRM A, BWRHHILE T 56%, mHFER
TR AE 95 . Herp R ZSM-5 2 PR AL 77 B3R
PRI ) 55 185 B ik 65.83%, A B S PR IR
R 56.28% % E W INE] 66.46%, 1fi 75 )& UL 2 H
37.05% P & PR E 34.03% (5 R K E] 51.20%), X
RHTHREIER AR TIERREIIER T2
HREGME S IR NG A R E 7
AUOL gl g 2 v SRR O P T M R R R
BALEL f5 BT-ZSM-5 R A6 7 1) SR R I it Yo =5 2>,
PO T AR RN, T PR T R ) O e I
W, 2T A A A FLE () BAT-ZSM-5 HE4L7
TR IR A PN, SR I B, Fir DK
177 EBCRA H 34.03% 38 M B 34.63%. HARTT R
AR IEE EER e EA S, AREHEES
B PR SR, 70 B = 42 PV E VI AR o E
FIRARF S BAKRT 35%. B AbHE ok B ol 2 A b
JEHEAGH B S b Cs R B R R E N, SRS
HREK, PR SGE TV T S Ah, BRI AL
FH T DU A 3R & L3 B B, ACTFRECE =, 13
Co—C; IR BRI S 28 e FE AU AN SR IR B AR il B 22
() Cs 1 Co P IFE PRty Bl R, S EUR 27K
Rt — LR F 67.87%.

3 #ip

1)t ZSM-5 37 9 354738 24 1 i Ak 2 ik 1
B2 A b RS AT 1) 2% R AR N E A A FLRR LI 2
AL ZSM-5 7 F i . T A E R AR A R 2 R
AEMEENLER, PRI, AT EE R AR RE L I FL A5 A AR
i

2)5 7k ZSM-5 JEURHAH L, Bk R AT A 2 2 FL
ZSM-5 4 F i fiE AL (BT-ZSM-5) 15 25 T S R 1 3
& A FL, A FL B SR T AR A FL L 25 2 3 1,

P T A B R R A R SR IR AR, LA G &
TR, B EG, SRR & B BRI IR T B,
B2 ACI FEEH R EWIN. #AVEN 45 R B,
BT-ZSM-5 43 i fH A 751 (1) 70 0 26 I 35 186 o, 1
F5 1 B R B A, R B i KR A K

3) 5 kA BEAE WA B, FRBR R G AL BT AR 2 4
fL ZSM-5 43 F i flE 4k 77 (BAT-ZSM-5) H1 T BR AL HE
LT R AL FR S i BE AE 43 10 P A FLEE B 8 TR AR
Vb, (EFLIE S5 KB i@, FLA5 A AR P T A5 DA
A, Hrh BAT-ZSM-5 {4k 771 ) b 26 TH AR
FLES . ACI FREEHE 5 AT gk — 2D Kim s m,
RPERETR BIFE T, ILAE MTG OB A AP ISR
i 66.46%38 N %] 67.87%, ZFavH 92 h B2 2 &%
115 h.
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