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SSRRRE FT, PRtk KA, H Nd/HZSM-5 AL RI7E AR 5 H Ebe Sk s i b, ZEERkE 10 1,

W R

380 °C . SUMWAFIA] 3.0 h, JFRHEasi# MHSV=2.5 h™' | Nd (i iEN 1.35% . AL FIHE 2.5 g AT, a5k
FHN T4.14% | PR T H IR PR B RICR B 57.96% 1 42.97%.
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ZSM-5 431 by R ob [ A 22 0N A A
4 n(Si0,)/n (Al 0,) = 38. NH,NO, - 6H,0,
Nd(NO,), - 6H,0, C,H,, CH,OH, 4y#réli, bifg
Ak 2 R R A BR A ElL Al Ar, 4l B
=99.999% . M4l N,, 4. =99.999%, % JHH#ikE
SRBAR A BR A F].

1.2 fEAFIRH &

PR ZSM-5 TR E T 250 mL 19 = 4%
S, DARE B e 30 1 i A 0.5 mol/L
NH,NO, - 6H,0% W , R B 13 # Ik AE 75 C 444
TAH 3 R, Bk 15 h, fhuk, SRk E PR
120 CHET, FFAE DR rp Sl AU (CRAH T
XPoear, TREERE, SR TEERASER) T
540 °C K54 6 h 15 HZSM-5.

K AR TR 5 1 1 25 Nd/HZSM-5 43 F i fi
FEF, T 5EIE HZSM-5 431 (I K R g (mL/
g) , Bil—sE & Nd(NO,), - 6H,0 i, K ik
AR 25 I T IR HZSM-5 4311, 182 5 (]
24 h, 08, HEFAKEFRETPEE 110 CHET
10 h, @A R 550 CREBE 5.5 h, HlTEAR
] Nd JBiiet A 404 (LA T Rk 77 2808 ) 1 Nd/HZSM-5
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O3 PR Nd TR ICP-AES FAEHEATINE , B
N 1.35%.

1.3 ELEFIHRE

XRD FAFR M H A FE2% D/ Max-2400 % X 54k
FTFHL, 4L 40 kV, &AL 150 mA, Cu K 5
£, FAHA 10°/min, AFHEK 0.154 nm, FAHHE
[l 20=5°~80°, HAfli# K 0.02°.

FT-IR FHF R JHZEE Nicolet Avatar 360 7 {# B
A LT AMETEA, AR 4 em™ ) MHATE ] 400 ~
4 000 cm™.

SEM K AEK H H AL 727 20 6] JSM-6701F
Y R SRR B SRR, I R R 15 kV.

BET & {iF % H %€ [# Quantachrome 723 7] NO-
VA4000e BET #J BRI BRI, A A 215 0.15 ¢ ff
B3], HAORET 110 CHA 12 h, RS AEA SR
HEATIR, BET 3535 LR AL, t-plot iR fL
e m AR A ALILE, BIH S5 fLAR A.

NH,-TPD ZEF % FH 25 [E micromeritics 2 &) Au-
toChem2920 %I 2 TjfE H 2 AL FE 7 THE Ak 2% W FHY
U BA ST 0.10~0.20 g MEALFIRES, 2 H
He (25 ml/min) , 550 CHiALHE 1 h, FEEAET 150
CLUF, Al NH,-He &8 10% , 4 0% B4
NH; 1 He AW HBR 25, /5 LA 10 °C/min THER 2
550 °C, i NH,-TPD Jii k.

TG FRAERAIL B TH AR F LA L 22 K
- HGT-1, # AT THEZE 500 °C, 10 C/min, N,
AT

ICP-AES R R ZEE TIA A TRIS ER/S
R R B 48 B IR R R OB, R R
1 pg/L, 73 H#%<0.005 nm.

1.4 EAFIBE N

R I AE B A 2 A [ DR AR AU R
i DTV, AR R 2.5 ¢, IRIZIREE AR
FHEFEwACE . PR n(CH,) @ n(CH,0H )=
1:1,FifE2s 3 MHSV = 2.5 h'', RV IR JE N
380 °C . WK, KRNEFE] 3.0 h. PEHIR IS BER A
HSE , PR R R I GCT890IT AR (3 1Y SE-54
BN 354 (30 mx0.32 mmx0.5 pm) , E4iE S
HEA, FID Klgs, A . #IiE 30 CPREF S min,
20 C/min F+ & 250 C £ £F 5 min, HFHE 2R IR E
260 °C Kl g IR 280 °C, YEREE 0.3 uL.

TSR | BRSO RA eBR R S  FR
X(B) ., S(T) . S(X); WA ZHIAMIR

HY(T), Y(X), HERP AR EEREL, =Y h R &R
Yy, WA HOERBE R B AL CL DL E,
HHEAXT .

c

X(B) =— % 100%
D

S(T) = X 100%
E

S(X) = x 100%
D

Y(T) == x 100%
A
E

Y(X) = X 100%
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Fig.1 XRD patterns of HZSM-5 and Nd/HZSM-5 catalysts
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TEFIAE 20 =18.72°, 8.74°, 8.76°, 22.96°, 22.98°
23° K R 1Y W T 8 T ZSM-5 43 T i 1Y R AE A 5
Wt B AT LS Y HZSM-5 I Nd/HZSM-5 fifk
FIH XRD 1% 5158 B AR A KK, AEik Kbk
L Nd FRFAEAT S0, BAEH T ER Nd 7621 i
AR AR R N A (A el e e A
Nd ¥ 53 BT 53 i R 1 AFLIE Y.

2.1.2 FT-IR 43#r €l 2 &y HZSM-5 F1 Nd/HZSM-5
PAEFIE FT-IR 321, 1 600 ~400 cm™ Jg 42> 15 &
PRPRRAE LT AMGIE IR X, 1 100 em™ 2 Si—0—Si
Y SO PR 4R R S WO, 545 em ™ & T U IR
By WSO, 7 P I ALk YT 3 45 R A A A AR
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Fig.2 FT-IR spectra of HZSM-5 and Nd/HZSM-5 catalysts
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Fig.3 SEM diagrams of HZSM-5 and Nd/HZSM-5 catalysts (a) HZSM-5; (b) Nd/HZSM-5
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PEARTR) N, 0 B ROt B R 22 . A o - 0 118 FL &5
BAEH T2 1. 5 HZSM-5 M kb, Nd/HZSM-5 14>
FE AL AR BUIE R BCAE, Nd/HZSM-5 Ff LA FHL
e, X AT fig e R T R AR A Y SR R s A
X5 SEM 045 A — 2. BEEHAE Nd(1.35%)
B T, AR N X430 9 2 1w R FLIE 45 11
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ALFI R L. B oa A1 b BIXT LA H HZSM-5
I SR 254, B AW T4 Nd 2k
PEJGF0i 8 3 & AR B R AR Ak, 253, HZSM-5
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Fig.4 N, adsorption-desorption curves of HZSM-5 and
Nd/HZSM-5 catalysts



30 4 F o fb 532 4%
% 1 HZSM-5 71 Nd/HZSM-5 L FIFLE S 5
Table 1 Pore structure parameters of HZSM-5 and Nd/HZSM-5 catalysts
Sper Vil Ve Ve Average pore Diameter
Sample
/(m’ -+ g™") /(em® - gt) /(em® - gt) /(em® - gt) /nm
HZSM-5 354 0.167 0.007 0.16 1.89
Nd/HZSM-5 362 0.178 0.018 0.16 1.96
Or PRI, X0 ALIE A U N, 4200
LS R SR S § e s 1 K (KD R
N . n o 4000
W R AE R L, H4 B [IRE R, UL SO S 43 AT
SR AT F IR HE A o —
2.1.5 NH,-TPD 43 #t K 5y HZSM-5 F1 Nd/ o
HZSM - 5484k 7 i NH, - TPD 1% A A 571 1) 1R P i 3600
HZSM-5
3400
= Nd/HZSM-5(1.35%) L L L L
3 Peak| Peakll HZSM-5 100 200 300 400 500
E \/ NA/HZSM-5(2.06%) Temperature/C
= ‘ < P 6 47 HZSM-5 1 Nd/HZSM-5 {1 1030 26
< — Fig.6 TG curve of fresh HZSM-5 and Nd/HZSM-5 catalysts
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Fig.5 NH,-TPD profiles of NH, adsorption
with HZSM-5 and Nd/HZSM-5 catalysts

NH,-TPD X80, 250 °C LAF Jy 55 R B Ffhide, w5
F350 C MR LA . N S WA, 5
HZSM-5 7 T #H 1, Nd/HZSM-5(1.35% ) 53 19
55908 2 R b TH I e K, Nd/HZSM-5(1.35% )
55 Nd/HZSM-5(2.06% ) 43 (1) 56 i 58 2 35
H B TR RE 25 5 500N, Uh BH 55 I P 34 o i i
ok 553 % 52 7 g EL A AR 21 .

2.1.6 IEMHT 6 ATE NSRS R AR
HZSM-5 Fil Nd/HZSM-5 fE{b 5 i # e il 2. 7€ 185
C ZHj HZSM-5 5 Nd/HZSM-5 fy#v e il 28 T F4 i
JERK, BTV, KARKIWEENRA, £2%
5 PR 2 F O 2 A R B A K T R e e S
JZISIX 8] 340 ~ 430 °C, fEIL X [A] HZSM-5, Nd/
HZSM5 e F 73914 25.024 |, 24.812 ng, K HFAE
P22 T8N, WO S A3 0 i RS R R e 2
AR & A28k,

A HZSM-5 Fi1 Nd/HZSM-5 i 4k 500 %6 25 55 H e o 5k
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Fig.7 Effects of HZSM-5 and Nd/HZSM-5 catalysts on
the alkylations reaction of benzene with methanol
X(B) : Conversion of Benzene; S(T) : Selectivity of Toluene;
S(X) : Selectivity of Xylene; Y(T) : Yield of Toluene;
Y(X): Yield of Xylene
Reaction conditions: n(Benzene) : n( Methanol)=1: 1;
T= 380 C; t=3.0 h; p(ordinary pressure) ; MHSV =
2.5h™; w(Nd)=1.35%; m(Nd/HZSM-5)=2.5 ¢
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Fig.8 Effects of different Nd loading Nd/HZSM-5 catalysts
on the alkylations reaction of benzene with methanol
Reaction conditions: n(Benzene) : n( Methanol)=1: 1;
T= 380 °C; t=3.0 h; p(ordinary pressure) ;
MHSV=2.5 h™"; m(Nd/HZSM-5)=2.5 ¢
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1.35% M) i I R () 35 A 32 R 74.14% , — W 2R
VEREME 57.96% , W AR E MRS = T 2.06% 1Y 12K
B, M 1.35% 51385 T NH,-TPD i% K v LA H 55 7R
MBI 2 SO AT R ORI — DR
AR, WERE Nd gk 1.35%.

2.2.3 J o7 i B X o He Ak S A5 i) E 9 NA
[Fi] S5 o7 il B A% R 5 R e Skt g, Pl BRIl
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Fig.9 Effects of reaction temperature catalysts on the alkylations
reaction of benzene with methanol over Nd/HZSM-5
Reaction conditions; n(Benzene) : n(Methanol)=1: 1;
1=3.0 h; p(ordinary pressure) ; MHSV=2.5 h™";
w(Nd)=1.35%; m(Nd/HZSM-5)=2.5 ¢
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Fig.10 Long term stability test over the
Nd/HZSM-5 catalyst
Reaction conditions: n(Benzene) : n( Methanol)=1: 1;
T= 380 °C; t=100.0 h; p(ordinary pressure) ;
MHSV=2.5 h™'; w(Nd)=1.35%; m(Nd/HZSM-5)=2.5 g
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Study on the Reaction of Benzene and Methanol by
Nd/HZSM-5 Molecular Sieve

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

Abstract: Nd/HZSM-5 catalyst was prepared by impregnation method using rare earth (Nd) saline solution. The
channel change, structure, morphology, thermal stability, acid change and element (Nd) loading of catalyst were
characterized by BET, XRD, SEM, TG ,FT-IR NH,-TPD and ICP-AES. Evaluation of the catalytic effect of the
molecular sieves was carried out by using a fixed bed single tube reactor. Experimental results showed that size of
the modified molecular sieve particles decreased, no change of the surface and channel, grew up of the weak acid
strength, not change of the thermal stability, even only in the reaction feed ratio 1 : 1, normal pressures, reaction
temperature 380 °C , reaction time 3.0 h, MHSV=2.5 h™", 1.35% of Nd loaded and 2.5 g of catalyst were optimum
conditions for the reaction efficiency of Nd/HZSM-5 catalyst. The conversion was benzene was up to 74.14% , the
selectivity and yield of xylene were 57.96% and 42.97% , respectively.

Key words: Nd/HZSM-5; benzene; methanol; xylene; alkylation
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