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1 B WEBUEER S A I HZSM-5 40 9 F T AR B SR /K 4 CAFREAT 79T, 3R T bk 28 A
HZSM-5 JEURM /B0 LR O 25 A1 (U Y VIR B Y2 TisT T RV S IR )T Zn/Mn/ZSM-5 ik £ BB /K 3%
R, ik XRD. FLAFR G LR TR SO B S5 0706 e R HT IS 1) HZSM-5 AT T RAE. 45 58R W, 4
HZSM-5 JFUR RS Lk 25, BePESEE S 40 °C, Zn(NOg), 1T MnCly iR 43 51l g 2% 6% 444 F ek 1 h, T 550 CHE
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KHEIR: HZSM-5; outk; 4B WK 0
FE2ES: 0643 XHRFRIRED: A

1 W F

LI B BB ARG UL Tk —, K4 75%
A = 5 LA 2 Ry Tkt B R e 244347 2 A7 &
I A2 BT, AR TR DA AT AR B H 2d ik i A
PEIR A JEURE, I KR AEA i, 7= el i i R AR,
WA RS T, BUA BERR LB e, ey
LT K ) £ 72 LA o] P 2R R RO Rk, A7 AR5 A i
eHs, HEATRIP /b, LamaiEm. $edib, da
e, TESTHASEMS, Hato2a) iz eEta,

LI AR 2005 72 A Ak TR J 2 i il 4% 206 1
Tk, H TS SRS B 1 4 i AT R
IR L2 AL T2 K2 DUE MR S5 4 i AL
YIRREAEHR], JEORHEESK SR KT 95%, REFER. &
HARSEA TR Z W3 4 1. Bl A TS5 )
F 25 RG38. Mris AW Bk, B9 E 1B IF G xE 4 2
NI 7K L2 AT 0, 4 1 EA T SO T SR K
WK, WA 7B RO, HIE R 52 HZSM-5
T IR A AT, JEAEIRAN AT R 3T ZBEK
il 05 R I D

ZSM-5 J& 1970 F i J5 H & [E Mobil 2 =) 1% >k
(1) e ik = A8 B 410, e AR R R T AL
SERRFAE AR B NE SR AR Bk B, e il Ak 40
Wb o )R N TS HH ZSM-5 FEREAL I
T BT L JRAT 2 W AT I B B A LA LR 1, Jd i

A TAE I EBE A HZSM-5 BT B, Tl Ak ek

gt H#A: 2006-08-04, f&[E HER: 2006-10-23

XEHS: 1009-606X(2007)03-0490-06

PEAAFRIA AT PEOL R . NGl EE AR AL 7, T
TARHKZ ZWEBE K26 L0, it — DI RAM M A 4
(L3 L o R e S S EE 7 ST

2.1 e

¥ 10 g HZSM-5 431t () T~ B T K24 b 7)) ) &
100 mL AH R IR () Zn(NOg), (3 ZnCl) i, Hikk
— el Ed g, T 120°CHk 12 h, £33 Zn/ZSM-5;
7 Zn/ZSM-5 F I AAH R BE ) MnCl[E% Mn(NOs) %
W, CE 05 h 5T 120°CH¥ 12 h, e ik
Kk 12 h, 13285 &M Zn/Mn/ZSM-5.
2.2 EAFIEHITM

HE A 700335 R VT 0 A8 AS 5 A ] 2 IR Bk e Y. 4% (410
mmx2 mmx300 mm)H AT, SO ET R E VA
FEACE s BN il B E A5 A (I RH B Bl s )
. FORNE G S R AN SR G SRR S
BENJON 2%, SN e WIREZE I VA Bk as v B T3 T < 4
B, AAHATBAR 73 AR I AT (% 20 A, AL TR
N 4.0 g(0.83~0.38 mm), LEEME A 10%(F51L R B
R CREREE), 75— 5N RV
2.3 FEHaH

AR S =35 2% it GC-2010 AR ik it
174307, ki A IH e, ik [E e A GDX-103, HEFE
LI 100°C, A1 100°C, #&#% FID, 150 C.
2.4 BRI

XRD 7 H A # %% D/max-11A 7 X 5 A5 i

fEZ . WH(1981-), 5, mRMRTFEN, Loy, & TRSAYTE, skiftz, @R A, Tel: 010-89796086,

E-mail: zhangja@tsinghua.edu.cn.
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SE, Cu#l, HH 30 kV, FHJ 30 mA, FIHGEE RN
5°min, F13 VO B b 5°~60° L4k B L b 2 m R A
Micromeritics ASAP2400 ZUE# AR _EIsE. fhik
TESU TR WA A | XL30E R4 EE. 2 10
F MR i BIO-RAD FTS3000 7t g 21 4/ A4S i) 52 .

3 HREW®

3.1 BIRAEE R

I ETEAT HZSM-5 B, FIrde vl AN ], Hik
PERURBAR]. R 151 T 78 N 400 °C 74 2.68
h™' %14 F» Zn(NO3),, ZnCly, Mn(NO3), il MnCl, P Ffi
WO HZSM-5 HEAT . — et (R B3 2%) B4
PR (Zn BTN 2%, Mn B IR ICN 6%) IA5UR.

MEAF W, SRS HZSM-5 At Mot 5
HZSM-5 F1 T ZREIBiK, JLEEAR 2R R0 = e Pk 35 B il
P AHSEAEMOH A A= b & i R AT L w2
A, R IE IR Zn(NOg), WAL T
ZnCly, Mn(NO;), 5 MnCl, #24. A EEH] Zn(NO3),
HTMNClL B R e e, A, A e R L —
gy, RP\KLSZ UG, 2 FE st or A
HFEER, XAR TR EARIRIEREE. Bk, R
FH Zn(NO3); 1 MnCl, % %6 HZSM-5 3E47 5 4 ik

£ 1 FEIARBIER HZSM-5 3t Z B2 Atk B9 S0

Table 1 The influence of various modified solutions on ethanol
dehydration catalyzed by modified HZSM-5

Zeolite Conversion rate Selectivity Yield

(%) (%) (%, o)

HZSM-5Y 95.54 12.13 11.59
Zn(NO3),? 99.98 45.38 45.37
ZnCl, 99.92 33.62 33.59
Mn(NO3), 99.98 43.88 43.87
MnCl, 99.99 43.97 43.96
Zn(NO3),+Mn(NOs), 99.99 43.10 43.09
ZnClp+MnCl, 99.99 40.46 40.45
Zn(NO3),+MnCl, 99.97 49.58 49.56
ZnCl,+Mn(NO3), 99.99 41.81 41.80

Note: 1) Unmodified catalyst; 2) HZSM-5 molecular sieve modified by
Zn(NO3); solution, the others have the same meaning in Table 1.

3.2 wE/4REERYR N
HZSM-5 J&FR AL, ELAT AN [RIE/ER LE PR 20

SRR AR, AT S 000 (A 70 PR35 PR PR

St TR R E T Rk EE D 25, 38, 50 AT 150 PUF HZSM-5
RIS SR AT S8, N 460k W 250°C . 2%
#1.0h™ AL FIFE 4.0 g

M L AT, FEAREL A 25 () HZSM-5 28 B 5 i
1 T (R 2 A RN 205 (P B S v IR D B e
EIRIs /N, ZSM-5 43 IR R 2R 1 K, s i I
HRIT OB, BeAh, BEA RS LIS, B AL

REZWIE R, SECT R R BRAREL A,
St b gk FH AR EE 25 1K) ZSM-5 A5 4 508y

Peicll 1 53R 1wl 0L, Sk K R N il B
400 °C [ 250 °C . #53di 1 2.68 h™' 431 1.0 h I, fE%:
PEEFEARNBRIEO N, RV IEPEE R K m. 7R3
250°C. ZSH 1O h', fAbFIH R 4.0 g &61F R, JEgss
K AL R ITEF) 99.5% L I, Db HEAL TR L =
BELL L G B A bRt

100.0 - — b 85
S |0 =
e 80 ¥
[} o
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Fig.1 Effect of Si/Al ratio on ethanol dehydration with
modified HZSM-5

3.3 MUMEERMRIS N
3.3.1 R E 5

B 2 AN [R5 RO AL SR K (1 52 m. I
LG Y, BEAE ORI TR n, 27K ) 3B 6 1Y
s MEerERTTEChY 1h B, RS R, 1A F] 90%; Ik
Jis BEAE CSCPE R IR B30, EPEPERRAR. X RS R
B RONH, B dED, AT A, (R
K, &SRR ET Z, ERCRE, %
FLIE I 7 o AT RIS R, BRI = R B A = 2R
R, IERRRE R 1 h,
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Fig.2 Effect of modification time on catalytic activity
of modified HZSM-5
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3.3.2 Bl 5 ()50

Bl 3 &Rt SR g . R BUR
t, BEER BRI, ERRE G R, R
Tl B 40 °C I, B R S, 1k 90%. X AT fg &t T
L SR G B TR . R B A, YRR,
BT A BB R, SR R T ORI 7 )
wok. R, & E MR BHEE N 40 °C.
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> 85¢
=
°
Qo
[
»n 80+
A
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Modification temperature ('C)
Pl 3 L ST A 7R £ 5
Fig.3 Effect of modification temperature on catalytic
activity of modified HZSM-5

3.3.3 WK E IS

(1) Zn(NOg), # B 15 M

4 BT Zn(NOg), WX AL I it K AR 1)
S, NPT LUE Y, BEAS BE S g, AR
Y OIE RS L B R, IR 2%, 4%
PEIEF] 90%. HIKEE—LHRIN, LM ISR TTHR
NEE. Zn/ZSM-5 MEA T b SRR  BAR R R P 0
ZIRAFAEA B E FIVE T, HZSM-5 1 Zn $1 80 AN i
2, T RAFAE — MR R, IR T 2%
LU, KM Zn?"fE HZSM-5 /) Tl R TR 4, =5
KA LR, RS T SRR S8, 33 LMk £

90 + °

o/

70 L 1 L 1 L 1 L 1 L 1
1 2 3 4 5
Concentration of Zn(NO,), (%)
Pl 4 Zn(NOg), e B2 X0 A SN 1R FD S i
Fig.4 Effect of Zn(NO3), concentration on catalytic
activity of modified HZSM-5

Selectivity (%)
o]
o
T
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(2) MnCl, ¥ 1 i

Zn*, Mn*"15 ZSM-5 [RIIR I 0 22 1) A7 A A EL b )
YEI, M2 iy — ANk E. 5 S MnCly i 6
1 CRER KRR 2, AT, 4 MnClL %k 6%
I, X ZIE L EEVEIAE] 90%, BEA Mn> ke 4k s
K, LIFHBEPEMETHRIZ TR %, ATREH T MnClL %
KT 6%HF, M6 (AL 7 TS A kv L DRtk
S % 4% MnCly W5 A 6%.
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Fig.5 Effect of MnCl, concentration on catalytic activity
of modified HZSM-5

3.3.4 REBEIR LI R

AN TR R et S 0T R A 713 PR A B, 45 LA
Kl 6. BTSN, Krbell ek 550 °C I iG P dm, Kike
HEE/NT 550 CHY, 4y F iR ik /i el 58 44 & A
M EFAREEN S, FROMIEFEEMIL. BERE

90 - T~
65|

80 -

Selectivity (%)

75 -

70 | u
| L | L | L | L | L |

375 450 525 600 675 750

Calcination temperature (C)

6 Kot 50T HE AL TR 14 ¥ 52 R
Fig.6 Effect of calcination temperature on the catalytic
activity of modified HZSM-5
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TR, ZSM-5 B4R E R R AR SR E N 2 TR AL
BT RCE 400, SRz B w5 e be ikl
&% 650 CLL LI, ZMikPer B3 Fhe, RWCH Y
BHEI S KA, W AR B) Y EROR. Bk, G
KAt 5 h 550 °C.
3.4 HHI5HHR
3.4.1 XRD 43#7

7 AR HZSM-5 50 I B J5 1) HZSM-5
ST XRD 5. WEIRTE H, &9 T giEA
AL, FURRTHEA IR RS A 2250, 71 20=7.9° 4,
SMEJE 1K) ZSM-5 RIS R B, T AE 24.4° 4, SebEis
1) ZSM-5 &R AT 3G . 3 3 ot eSO MR A il s e
Xt ZSM-5 [R5 b A3 B2 25 5, (H Zn® R Mn? BUAR
ZSM-5 73 1B 2 b () AR HE N B 287k, T BTG
07V 1 N T T 128 95 i 1l O = e o o
M T80 XRD B3 1 25 22 5

Zn/ZSM-5

Intensity

Mn/ZSM-5

Zn/Mn/ZSM-5

1b 2‘0 éO 40
20()
7 ZSM-5 JFUB A1 ZSM-5 ) XRD il
Fig.7 XRD patterns of zeolites

3.4.2 BT

FH L2 0 I052 506 HZSM-5 J5URy F AT A e Pk 5 (1)
FEMBHTALAR . LER I AFLA A TRALE, S50 IR 2.

2R 2 HZSM-5 F0 Zn/Mn/HZS-5 BYFLEEH R LE R TEMIR 45 R
Table 2 The results of pore structure and specific surface area of HZSM-5 and Zn/Mn/HZS-5

Sample Pore size (mm) Specific surface area, Sger (M*/g) Specific pore volume, V (cm*/g)
ZSM-5 24.09 342.0 0.206
Zn/Mn/ZSM-5 25.51 272.4 0.174

M 2 2k, Gid 5 A fE bR A A FL A
B D, MALAR 2RI, BEH 4> Zn® Fl Mn®
BN T HAS APTRAER M, FFAEEEE S T4l
. Nl Zn® N MR L ARCR, (ELE R BE B N
F%. M 8 ' Zn/Mn/ZSM-5 (1) SEM JESR B il DL HH
LA ARR T8 50 4y U — 28/ NkE, 3X B Zn R Min
IYHUE ZSM-5 23 1-ffi L.

A
N

f
i
|
F

F 1 :

2006-5-3129368 20KV X10000

K 8 Zn/Mn/ZSM-5 1] SEM H:5i K]
Fig.8 SEM picture of Zn/Mn/ZSM-5
3.4.3 RN
P 9 & 250 “C i3 5 54 X RTEL Iwe WRe B IXC A 21 4
ik, W LLE Y, HZSM-5 4 3 MR EER BN 1EA,

4397 3610, 3744 1 3663 cm 4k, 3610 cm ™t 4k 42
Al—OH iR shig, HA SRR ; 3744 cm™ 4% Si—OH
(MFRZNIE; 3663 cm™ Kb HHR BN &5 F AN 45 ik
Zn, Mn S48 R, 76 3610 e AR BhIG A, £E
3744 1 3663 cm ™ AL iR B IS I B AR

— BN A, 1454 F1 1547 cm &b 46 e 23 591 5
S FI L BRRCoRT B R0y, fE 1490 Fi1 1635 cm !
AR HR S e B RFN L AL RAE 4 1. sl 9
AfL, BRI ZniZSM-5, Mn/ZSM-5, Zn/Mn/ZSM-5
IR B RN IR R R A T W AR AL, AR 1454
cm ™ R 1616 cm ! AbJR ) 5, 1141 1545 F11635 cm !
ARSIk SS, RS ZSM-5 2 FIf i B iRt
AL B OB A, LR LN, T B R O3
WD, By O B R L R LR RO IR PR A T
ST 204 BT KK AR ™, B i L g
DHBFT ZnZ H Mn> [F7ELE. 75 1616 em  Ab B 1 4
P, WTREE Zn-L RO ARYEIETIRDY B BRFN L
FRAHAT e A5, SR 3. & 3 A AE 200
450°C K ZSM-5 F itk ZSM-5 BRPEIIR 25 5. AT LA
i, BRI, KREPER ZSM-5 ek 5w
Zn/ZSM-5, Mn/ZSM-5, Zn/Mn/ZSM-5 1 L 8. B B2 Fil &
FRIIRAR. (el —IREE T, S5ARSIER ZSM-5 A LE, L
PEJ5 I Zn/ZSM-5, Mn/ZSM-5 F1 Zn/Mn/ZSM-5 1] i i 1
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Yl s, Hop LTRSS i, 1 B FRukD. Bbah,
MPER) ZSM-5 2 A B LR, Zn/Mn/ZSM-5 [1)1R
AR AT Zn/ZSM-5 FiI Mn/ZSM-5 2 [f], il L

TR A YEE ], (HIF IR . R At G
ZnIMn/ZSM-5 AL CBERR A 008 R B a5 1
Zn, Mn £ B [EVEF.

(@) Hydroxyl groups 3610 (b) Pyridine adsorption sites 1454
— Zn/Mn/ZSM-5 }
3740 zsm5 2203 1635 [ Mn/ZSMS ;:
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M
L | L | | |
3800 3700 3600 1700 1600 1500 1400
Wavenumber (cm™) Wavenumber (cm™)
P 31 X AL e W B X A 2L ARG 1 4
Fig.9 The FT-IR spectra of hydroxyl groups and pyridine adsorption sites of zeolites
F 3 WHIE S FIRBER MRS R
Table 3 The acidity of unmodified and modified HZSM-5 determined by pyridine-infrared spectrometry
Sample 200 C 450 C
P L (umol/g) B (umol/g) Total (umol/g) B/L L (umol/g) B (umol/g) Total (umol/g) B/L

HZSM-5 8.9 38.8 47.7 0.2 6.4 312 376 0.2

Zn/ZSM-5 128.8 11.1 139.9 11.6 98.2 6 104.2 16.4

Mn/ZSM-5 77.9 13.1 91.0 5.9 43.2 8.2 51.4 5.4

Zn/Mn/ZSM-5 795 10.9 90.4 7.3 65.5 7.7 732 8.5
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Ethanol Dehydration to Ethylene over HZSM-5 Catalyst Modified by Zn and Mn
PAN Feng?, WU Yu-long?, ZHANG Jian-an?>, YANG Ming-de?, LIU De-hua?, TONG Jun-mao*

(1. China Food College, Shihezi University, Shihezi, Xinjiang 832003, China;
2. Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China)

Abstract: Preparation of ethylene from ethanol dehydration catalyzed by HZSM-5 molecular sieve modified with Zn and Mn was
studied. The effects of modified solution, Si/Al ratio of HZSM-5, and modified conditions, such as concentration of modified solution,
modification reaction time and temperature, and calcination temperature, were investigated. The results showed that when the Si/Al ratio
of ZSM-5 was 25, modification temperature was 40 C, the concentrations of Zn(NO3), and MnCl, were 2% and 6% respectively, the
modification time was 1 h, and the calcination temperature was 550°C, the catalytic activity of modified HZSM-5 was higher. The
HZSM-5 and modified ZSM-5 were characterized by XRD, BET, SEM and FT-IR techniques. The result indicated that Zn?* and Mn%*
were located in the zeolite frame, and the crystalline structure of the modified zeolites was not changed, in addition B acid sites were
decreased slightly and L acid sites increased greatly, which were favorable to catalytic dehydration of ethanol to ethylene.

Key words: HZSM-5; modification; ethanol; dehydration; ethylene



