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(1) Ethylene i1s a key intermediate for the production of important
chemicals such as ethylene oxides, polythene (%2 % ) and styrene (
Fe ).
(2) Ethylene is mainly produced by cracking of higher hydrocarbons, such
as naphtha ( %/ ") . (energy intensive)
(3) Ethylene can be produced by the dehydration of lower alcohols such
as methanol and ethanol -
2.Ethanol>ethylene z B4 %>t solid acid catalyst e @ 4rz. ZSM-5 zeolites ¥
ethanol dehydration & 3 #4p % 2 &1+ > X F] poor hydrothermal stability %
resistance to coke formation» @ {FH 1T E F2 BH AT (T o FM o heim ik B
ZSM-5 zeolite 2. §& T+ ?
(1) i&f? x4k > 4 H-ZSM-5 £ & - (Oudejans et al.,, 1982; De
Lucas et al., 2001)
(2) #» Mn 2 Zn & & Hh#d H-ZSM-5 * e mrggike 2 g (Le Van
Mao and Dao, 1987) -
Catalyst preparation
1.7 82 NH3-ZSM-5 (Si/Al = 30) > 773K ~ Air © 4&’& 4 h » %@ H-ZSM-5 -
2303 g ke o BRE 5~20 wt %z mipsk (HsPOys) 2 H-ZSM-5 figkiR & ~ i
"AEF 1S 3473 Kair » §2% 16 h» £ 773K ~ Air ¢ 4% 4 h» €1 HsPOy
AHE A B E 5102 20 wt%hz H5HP-ZSM-5 ~ 10HP-ZSM-5 & 20HP-ZSM-5
catalyst -
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1.Catalyst %3# » reactor ¢ » £ 773 K™ » 2 20 ml/min. 2 N stream i* % 4
h o

2.Catalyst 500 mg ; 100 % ethanol ; pressure 1 atm ~ ;8 & 523~723K o

Characteristics of Catalyst

Lpipezd B4 % - 4% o #f (surface area) 4&/] ~ 3 ### (pore volume
) A%~ TUR %E{ ( pore width) Gi 20HP-ZSM-5 catalyst # = ¢ > H & (
ZSM-5 ~ SBHP-ZSM-5 ~ 10HP-ZSM-5) A-I'4pk -

2.3Y F R AR 4 <N ﬁﬁf ¥]** polymeric phosphates species & pore channel i& v a5 = o

3.i& ZSM-5 ~ bHP-ZSM-5 ~ 10HP-ZSM-5 & 20HP-ZSM-5 catalyst 2. XRD
profile » H3POy f‘ »~ 4% 7 > intensity of peaks A& k4% » % 8 & (crystallinity
) AL o

4. & ZSM-5 & 20HP-ZSM-5 catalyst 2. NH3-TPD profiles » ZSM-5 2. & B
peaks 4 ] 113 & 500 K & 749 K peaks & f#+* 5 72% : 28% ; 20HP-ZSM-5
2.7 [ peaks » W MR A 476 K& 749 K> peaks m #f+v 5 88% : 12% ; ﬂ 2
total peak area +* @ —fg " 8% - & -1 total acidity # acid strength distribution %
PO, 2 #2588 -

5.% ZSM-5catalyst 2 *’Al MAS NMR spectra » 4 %] & 55 ppm £ 0.33 ppm A
3R peak > @ 4 tetrahedral Al > # % 5 &5 HsPOs § » £ "% 14> Bor IR
partial dealumination ; .9—“5 % p octahedrally coordinated Al species » ,Lg‘ »
HzPOy4 fs i 4 > & %-10 ppm fed! 3 new peak » ¥+ Al-P-O species 2_4) =

He o 20HP-ZSM-5 2. “"Al MAS NMR spectra t 36.4 ppm £-17 ppm
s8] IR new peak e

6. 5HP-ZSM-5 catalyst 2 ?'p MAS NMR spectra » & 22.9 ~ =7.28 ~ =13.73
~ =39 ppm Eiz peaks H intensities % H3PO4 Fr B2 H4em irg’%c o H# =7
ppm &z peak #p % ** pyrophosphoric acid & terminal groups 2. P atom; -
13.73 sz peak §f 4% octahedral aluminium » AI(OP)4(OHy)z o 234 i 88 4% 5]
2 F)Ap e

> Summary : § » HzPOs#-3 % 2 4 T 55 s
(1) modification of surface acidity (number or strength) -

(2) blockage of pores -

Effect of HsPO4 Loading and Temperature

2 F R R 673 K ™ o e prggd gy iy 99% 5 fae 2 EE P HPO,y
Loading m #& % -
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40 F g B 573 K™ » H-ZSM-5 ¥ 20 HP-ZSM-5 z #&# F & w5 90%% 71%
» ethylene 2 F# A W 5 79%% 35% ; &7 » 20 HP-ZSM-5 2 A% 3 #& % 2
diethyle ether » ¥+ DEE J& 5 ethylene 2. ¢ P& % -

Stability of catalyst

13%F R 673 K7™ » g% 20 HP-ZSM-5> 5 110 h ¥ & > ethanol conversion
BEFEALO9% > A P A ER G o

2382 673 KT » g% H-ZSM-5 > & 25 h s ethanol conversion # 23 & 99%
e 60 h @EHEFENE TO% - A FM %k BREFF S0 > FEP & -

3.3 » HsPO4 3 22236 % H-ZSM-5 2 hydrothermal stability » &3t F A2 & >
ethanol ~ diethyl ether ¥ ethylene 2. multiple adsorption 48 & > % ¥ % 3 M -

Acidity of catalyst

Lg% » H3PO,4 3 % surface acidity (number or strength) 2 & %5 =
(1) d1;mve %se (partial dealumination) -

(2) a5 P-O-Al species o

2.Number of Bronstedt acid sites “:g‘,@&:ﬁ’xﬁl‘ v 2 Hi4em 'L o d NH3-TPD
profiles ¥ & strong acid sites ' % - ¥ total acidity *#

3. Tetrahedral Al is mainly responsible for the surface acidity of zeolite - ¢
"Al MAS NMR spectra iz 55 ppm f&2. peak %€ HaPOy ¢ » £ 2 #{4e @ % i >
7 ¥gp32 f% total acidity 2. # i+ -

4. 1\ »~ H3POs ~ " ™ surface acidity (number or strength) - /&#r higher olefins
87 gromatics 235 o d 3t catalyst 2. 4 % %k p ** higher product 2z & 1) » 34
¥_aromatics - *’F'K WP e U? »~ HsPOs » B #r higher olefins ¥ aromatics 2.3}
* o §APHEF catalyst 2 fET R o [EH%%H T B TAF 4ot g 2050 0 4 B
Fxxngp )

Si/Al ratio and Effect of P

1.#% % H-ZSM-5 2. Si/Al ratio 2 50 2 80 - 823 24» 3% H-ZSM-5 2 ethylene
selectivity » & ethylene z. & & i 3> 20 HP-ZSM-5 -

2.P igﬁ‘ ~ o ® &k zolite—framework ¥ tetrahedral Al z_ f#3g » AR % B 2 s %
» # ethylene selectivity * #/fhi4E 4 ¢ o

= Conclusions

1.;‘ » H3PO4 3 243t 3% % ethanol dehydration 2 /&4 ~ 242 & 9 ethylene 2
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2.4 %Al NMR spectra ¥ & > § » HsPO; # % % zeolite # 3 partial
dealumination I 3} = #g AIPO,4 species » % = total acidity "% i«
3.;‘ » H3POy 7 243t 4% 3 hydrothermal stability » 3 v #%4% coke formation 2 i¢ #
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Zeolites are aluminosilicate
minerals that have a ratio of
oxygen to aluminum and
silicon of 2 to 1. Within a
zeolite crystal silicon (or
aluminum) and oxygen atoms
are arranged in tetrahedral
[SiO4]* and [AlO4]°" groups.
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