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S AN K ZSM-11 43 F 1 (Si/Al=60) ,
W AL SRR BRA R 322 21
R, 2% Wl R 2R 2K TTKOBE,
PR . SEALEN . WEIREL, Yk Aral, A -
Mg R b2 A R AL
1.2 EEFIH&E

PR FRAI K ZSM-11 4305 58y IC A ZSM-
11; FREC—E TR ZSM-11 0 7 & T = 10 B
)RR 12 30 B [ EE (A A S T RO i
ZH) A 0.3 mol/L MIFFETRIA W, 65 C FHiH: 2
h, 2P0, o8, TS, £S5 550 C T
$E5 h, 1C/E N-ZSM-11.

FREC— 2 &1 ZSM-11 43 F-0 B T = B
o, FRER T 2 30 MY IR L (31 0 BT S I TR
ZH)BIA 0.2 mol/L ) NaOH A7, 80 °C F gk
45 min, ZWEE ., JUE, TS, ES3E T 550
C RGeS h, FE—EWRE NH,NO, K B T3
Bk, fuedk . ik, TS, 550 CRHES h, il
£ OH-HZSM-11.

FRE— 5 it LR a b ¥ () o F i ot 8 1 =
IR, PR AR 1 2 30 MR EE A 0.3 mol/L
MIFFIERRIE WL, 65 C THEHE 2 h, ZUEd WUk, T
W5, FES IR H 550 C TR BE S h, i fE N-OH-
ZSM-11.

1.3 9 Fin R EL FIHRAE

XRD FAE R ] RigakuUltima IV %! X 58 57 54
AL, FHEERE 2°/min, TAEHEN 40 kV, TAEH
TN 40 mA, KK 0.020, FHHTEH 20=2°~
50°.
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NH,-TPD 2 1 % 1k 78 3¢ [§ Z 3¢ Autochem I
2920 fb2EME B EEA T, FREURESS 0.1 ¢, Eil
T F He S#+4E 1 h, 15 min NTHEE 100 CA£FE 10
min, F-F 50 min M IHEZ 500 C " 1545 30 min J5 R
W 28 2 IR R NHL S, 15 min N Z 100 °C, 253
W AR E fT, 50 min FHIR 2 500 °C J5 15 3 8,
254 NH,-TPD Hh4k.
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SR FH S =X IR B L 2% AT AR R I, A
IR AE ORISR A A, o ) T A
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IO B R ER Ve B e v BE 4 B USCAE. SO 3 ~4 h R
BE, DISESEAE A A TG PR A . A S 50 R 2
GC2014C BYSAHETE S HTA 3T SO 4551, IF i
TS A R R 7= W R e . TR P 4T 4%
F . Rk S SR #S (FID ), SEFE IR
h 260 °C, KRR Ky 280 °C. &P TR W 4R iR
B 45 °C, WIHARIFIE] 3 min, FHEH 16 °C/min, %
1EVRE 260 °C, ZYRIFA] 5.5 min. #FFEEL. 0.2 ul.
SE AT B A T RRE — k. RO H LR A A
RX(B) ., FIEMBEREE S(T) . A H 281
PEREME S(TX) . HIRMIR Y (T) M H 2R FI ZH R
REISCR Y (TX) VBN PR AL I PE RE I FE A, B
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Fig.1 XRD patterns of unmodified and modified
ZSM-11 zeolites
a. ZSM-11 zeolite; b. N-ZSM-11; ¢. OH-ZSM-11;
d. N-OH-ZSM-11
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Pl 2 BPERJE ZSM-11 23 T3 i1 FE-SEM B8 A
Fig.2 FE-SEM photographs of unmodified and modified ZSM-11 catalysts
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Fig.3 N, adsorption-desorption isotherms and pore size distribution of unmodified and modified ZSM-11 zeolites
1 ERIE ZSM-11 5 TR &M S
Table 1 Textual properties of unmodified and modified ZSM-11zeolites
Samples SBET/(m2 ) Vtmal/(cm3 g ) Vmim-u/(cm3 ) Vmesu/(cm3 g )
ZSM-11 261.1 0.23 0.13 0.10
N-ZSM-11 274.3 0.29 0.13 0.16
OH-ZSM-11 303.2 0.39 0.12 0.27
N-OH-ZSM-11 318.5 0.44 0.12 0.32

2.4 NH,-TPD Rf{E
HCPERT A AR NH,-TPD #hZ aniE 4. ehbk:

——N-ZSM-11
—— OH-ZSM-11
——N-OH-ZSM-11
——ZSM-11

1 1 | | 1
100 200 300 400 500

600
Temperature/°C

P 4 ZSM-11 il N-OH-ZSM-11 1) NH, 72 /5 FHi Bt B 121
Fig.4 NH;-TPD profiles of unmodified and modified
ZSM-11 zeolites
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BEAUBERR 153 F 54240, dbyeds 782988
BRER B AL B R L
2.5 EAFIREERAE(TG) RIE

HH LS AT, bR O 120 h s feE AR IH
R, mE 6 TLUE 1, MZAE 200 CHIZME L =H,
2B A 8 Sy e A 751 2% T ) B B K B B R 5 200 ~
550 CIa], MM T B RERR, X—BE
LS5 I 120 h S5 AEAR B B R, AR 5 2 R
20% , FRERBRLAIHN 0.167%/h. BPE G Ak 77 30
TRk D | R AR A, X AT RESE T,
—J7 1 NaOH B BE 2 4L . EFLIEH, 115
fLIEN ST ORI ) — 7 Tl TR
e S LR 43— 0 (R 5 R vhucs | JBAR J5 o i v LA
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Fig.5 The curves of conversion and selectivity

with the change of time
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Fig.6 The TG curves of N-OH-ZSM-11 zeolite catalyst

before and after the reaction

2.6 MRS LTI L IERERI LR
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Table 2 Catalytic performance of different catalysts on benzene alkylation with methanol

G . Selectivity/ % Yield/%
onversion
Samples
/% Toluene Toluene&Xylene Toluene Toluene & Xylene
ZSM-11 324 61.4 91.8 19.9 29.7
OH-ZSM-11 50.2 54.6 88.2 27.5 44.3
N-ZSM-11 43.0 75.5 96.1 32.5 41.3
N-OH-ZSM-11 44.7 86.5 97.4 38.6 43.6

Reaction conditions: n( CH,OH) :n(C,H¢)=1:1,T=350 °C, P=0.2 MPa, WHSV=6 h"'

M NPERE, FTLAE Y, BAR TC 10 R Ak 3 i i Ak 34
YRt ZSM-11 sy i fEfb kg G B 42 A, (H R
A TRALFS 19 N-OH-ZSM-11 76 2 3 B 41
TR [RIEEARAS T 4 i R e B, X ml g2 A
k1 NaOH BALHR S | AAFL, 6 FLAE P9 B8 £ (1 36 A0
AR DIOR ARG e B A A IR 4 WAk B O3 -
B, FEBEBR—ER 5 2R 4R g R B, 2 i 2 [ ff EfR
RAAME, MEARIF AT LU R I, S i R R
PR R T A R T R R A e S Ak
SR

3 &g

STYGLE R R . ZSM-11 20T Z AR H & NaOH
AL B S PR AT R BR R AL BRAOPE S5, 7R I N TR A
350 °C, JE 712 0.2 MPa, Jii 2353 (WHSV) N
6 h™', AREHEEIERIEE /R A 10 1 &R, #
TR0 A i At R, H R £ 1 8 3 4
=, M 86.5%, HEA W ReFe AR, Fow My
ML, AR5 H Ese B il FP R s i i i — 20 T
AR HE T A SR
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The Catalytic Performance Evaluation of Acid-Base Modified
Nano-ZSM-11 Zeolite on Alkylation of Benzene with Methanol
to Prepare Toluene

FAN Zong-liang, BIAN Jie, JI Dong, DONG Peng, DU Zhi-song, GUO Yong-qi, LI Gui-xian"
(College of Petrochemical Technology ,Lanzhou University of Technology, Lanzhou 730050, China)

Abstract; ZSM—-11 were modified by citric acid solution acid after NaOH solution alkali treatment. The catalyst
were Characterized by X-ray diffraction ( XRD ), N, adsorption-desorption, scanning electron microscopy ( FE-
SEM) , NH,-TPD, thermogravimetry and other methods, using the modified catalyst on alkylation of benzene with
methanol to prepare toluene. The result showed that the selectivity of toluene increased obviously over the nano-
ZSM-11 zeolite treated by acid-base on alkylation of benzene with methanol, under the conditions of the reaction
temperature 350 °C , the pressure 0.2 MPa, WHSV=6 h™"', n(C,H,) : n(CH,OH)=1 : 1. The conversion of
benzene reached 44.7%, the selectivity of toluene reached 86.5%, the selectivity of toluene and xylene was
97.4% , the yield of toluene was 37.8%.

Key words: ZSM-11zeolite; benzene; methanol; alkylation; the selectivity of toluene



