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Binder-free ZSM-5 Zeolite Catalysts Modified with Framework
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Abstract The adsorption properties of binder-free and binder-containing ZSM-5 zeolite catalysts were
compared, and the former one was proved to possess the excellent properties. The binder-free ZSM-5 zeolite
catalyst has been treated with HCI solution, steaming, and steaming combined with HCl solution, respec-
tively. The de-alumination behavior and the states of yielded non-framework aluminum on the treated cata-
lysts were studied with Al MAS NMR. Some important properties of the treated catalysts, such as the
crystalline structures, compositions, pore structures, and distribution of surface strong (S) and weak (W)
acidity, Bronsted (B) and Lewis (L) acidity, have been investigated in detail with X-ray diffraction, XRF, N,
adsorption, NH3-TPD and pyridine-adsorption in situ infrared spectroscopy, respectively. The nature of
strong tuning effect on the properties of the zeolite framework and surface solid acidity has been revealed for
the zeolite catalyst treated with steaming, which plays the key rolein tuning the S acidity and B acidity.
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Figure 1 XRD patterns of the binder-containing and binder-free ZSM-5 zeolites, respectively (A), and SEM image of the binder-free

ZSM-5 zedlite (B)

ZCA—binder-free zeolite; ZCE—nbinder-containing zeolite
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Figure 2 N, adsorption and desorption isotherms (A) of the binder-containing and binder-free ZSM-5 zeolites, respectively, and pore
distribution of binder-free ZSM-5 zeolite (B)

ZCA—binder-free; ZCE—nbinder-containing
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Tablel The surface areaand volume of the binder-containing and modified binder-free ZSM-5 zeolites determined from N, adsorption

and desorption

Surface area/(m?g %)

Volume/(cm®g %)

Sample Pore size/nm
BET  Langmuir Micropore Percent Mesopore Total Micropore Percent
ZCA 374 477 278 74.2% 97 0.206 0.124 60.2% 22
ZCB 366 465 269 73.4% 97 0.242 0.120 49.6% 2.7
ZCC 345 429 153 44.4% 192 0.218 0.069 31.7% 25
ZCD 356 441 144 40.5% 212 0.231 0.067 29.0% 2.6
ZCE 290 367 203 70.2% 86 0.226 0.090 39.8% 31

2RSS G TR L ZSM-5 AT IS5 BRI . Ab2E R SRR
Table2 The crystalinities, chemical and framework SiO,/Al,O; ratios of the raw and modified binder-free ZSM-5 zeolites

Contents of aluminum

Sample Crystallinity/% Chemical SiO,/Al,O4 Framework SiO,/Al,O4
Tetrahedral Octahedral
ZCA 100 31.0 95.1% 4.9% 32.6
ZCB 99.7 325 90.3% 9.7% 36.0
ZCC 104 28.1 46.6% 53.4% 60.3
ZCD 106 41.2 64.0% 36.0% 64.4
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Figure 3 XRD patterns of the modified binder-free ZSM-5

zeolites
ZCB—acid treatment; ZCC—steaming treatment; ZCD—steaming combined
with acid treatment

38.8%f114.6%, W] fE43 il AL T il FLSLiE N 5 fLiE 4
ANFEPRA /S BCALES . A i AR B AR s T e
. 5 ZCA ML, ZCC Mtk 2= REAR LU IEAAAR, (H 42
FERR LU WY R 3 (3R 2). 3 B MR 7K 28 < ok g A i
U0y F-0t B SR B S, SO AR LI WAt . A
AR O S A AR AT P RERE FEFLIE, AT E I
DTV O TERE. T AR R S =, L
TER TR, LA HC W FHR AL ZCC il IR
ZCD, {1t 6 24.6 {7 B ML E A RN (LK 4), dEE 3
oA 36.0%, 5 ZCCAE 6 — 1.0 Frxt Bk 42
Ao s, (AN A T A, SR L4, KW 6 24.6
oF I PR A AR e A HCL WRs R, 45 A (R U I
Hed A LR TR FLA RGO, Ak L L3 AR
LR AR (2R 1), UEW] T KRk e A2 A
TALFLIE PRI FLIE A4 = AR R4S, 1T HCL A0
FLIE M AR SR = AR B BRAE . ZCD i 2% 2w Bk
EE IR E 2 41.2 F1 64.4. BN K AHE— SR AL B ]
JIR B 43l 44, Fh A AR L A S
2.2.3 KR FAR W

ANTR) T 1 R it R U B it e s T 161 5, |
AR I — I B ot 25 = B 5 A o AT DR e 2R R LR
Bt 55 ZCAFHZEL, W B PR 45 28 7 plpo>>0.45 1 1)
IR S S R, X RO AR R AR A AT
AR SL. AHEE T ZCA, FESL ZCB ) BET L&
TR B i FL b 2 T AR A7 R A, A L b 2 i AR 3 X
(W3 1). FHR, JLRALAFRANFLALERIIE K, Mg
UL AR, X HCL WA 3G i AR . 8
I AR B G A A AT SRR B, ST T AR Y
ALEGER TR, FLARUALAE. Mhd AL b A A L7
TR ARG D) A S0 P Ay S0 7 i R ZE AL i

B4 Rk 5o s Jor 47 ZSM-53 47 1) Al MASNMR
T

ZCA—TEHh g Mk AT, ZCB—IRALH; ZCC—/KZE S AL HT; ZCD—/K A4
Gk

Figure 4 %Al MAS NMR spectra of the raw and modified
binder-free ZSM-5 zeolites

ZCA—binder-free zeolite; ZCB—acid treatment; ZCC—steaming treatment;
ZCD—steaming combined with acid treatment
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Figure 5 N, adsorption and desorption isotherms of the modi-

fied binder-free ZSM-5 zeolites
ZCB—acid treatment; ZCC—steaming treatment; ZCD—steaming combined
with acid treatment
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Figure6 NH3-TPD curves of the raw and modified binder-free
ZSM-5 zedlites
ZCA—binder-free zeolite; ZCB—acid treatment; ZCC—steaming treatment;
ZCD—steaming combined with acid treatment
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Figure 7 FT-IR spectra of binder-free ZSM-5 zeolites after
dehydration in the system
ZCA—binder-free zeolite; ZCB—acid treatment; ZCC—steaming treatment;
ZCD—steaming combined with acid treatment
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Figure8 pyridine-adsorbed in situ FT-IR spectra of binder-free ZSM-5 zeolites at different temperatures
a—100 C;b—200 C;c—300 C; A—binder-free zeolite; B—acid treatment; C—steaming treatment; D—steaming combined with acid treatment
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Table3 Acidity of different sites for ZSM-5 zeolite catalysts determined with pyridine-adsorbed in situ FT-IR spectra

Sample Wesk acidity/(au.,g ) Strong acidity/(au.,g ) Lewisacidity/(au.,g ) Bronsted acidity/(au.,g ) Total acidity/(au.eg ?)

ZCA 34.579 138.038
ZCB 46.138 115.842
ZCC 40.941 30.941
ZCD 28.318 28.318

25.047
32.376
28.588
20.374

147.57 172.617

129.604 161.98
43.294 71.882
36.262 56.636
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