CONVERSION OF ALCOHOL TO
HYDROCARBONS ON ZEOLITES.

A THESIS

Submitted To The Faculty of Science L
s .
AIN SHAMS UNIVERSITY. y L

E

By : t.:t, . \
Lamia Saad Mohamed \‘\\Q ““"i\.
B.Sc. (1984). X%AQ;L ;

> o
T o

In Partial Fulfilment Of The Requirements For The
Degree Of Master Of Science
(Chemistry)

Refining Department
Egyptian Petroleum Research Institute
Cairo - Egypt
1991

Central Library - Ain Shams University




CONVERSION OF ALCOHOL TO
HYDROCARBONS ON ZEOLITES.

M.Sc. THESIS.

Thesis Advisors

L - Prof, Dr. Suzy A, Selim
2 - Prof. Dr. Hassan A. Hassan

3 - Prof. Dr. Sara Mikhail

Approved

Prof. Dr. Nabila M, Guindy.

y Vi .

¢ ‘:(Ai'l_/): : !

Head of Chemistry Departement
Faculty of Science

Ain Shams University.

s ) )
. AL "tw-/‘f’{ -

Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



NOTES

This is to certify that Ms. Lamia Saad Mohamed, has attended and
passed successfully the following post graduate courses as a partial
fulfilment of the requirements of the degree of Master of Science,

during the academic year 1987,

COURSES :

—

- Reaction Kinetics.

2 - Thermodynamics.

3 - Surface Chemistry.

4 - Catalysis.

5 - Physical Properties of Polymers.

6 - Computer Science.

7 - Cement Chemistry.

o]

- Quantum Chemistry.
9 - Electro-Chemistry.
10 - Corrosion.

Il - English Language.

Prof. Dr. Nabila M. Guindy.
Head of Chemistry Departement

Faculty of Science
Ain Shams University.

Central Library - Ain Shams University



ACKNOWLEDGEMENT

Lam indebted to Prof. Dr, Sara Mikhail, Prof. in Petroleum Refining
Department (EPRI), forsuggesring

the subject of this work, her devotion,
efforts, Constant Support,

talented Supervision and for the valyapi,
discussion.

Central Library - Ain Shams University



CONTENTS

Page

INTRODUCTION . ....... ... .. I
AIM OF THE PRESENT THEISIS ............... [II
CHAPTER [
LITERATURE SURVEY. . .. ..ottt e e oo, 1
1.1. Non Zeolitic Catalysts for Alcohol Conversion. . ......... 1
1.2. Zeolite Catalysts For Alcohol Conversion. ............. 2

1.2.1. Methanol Conversion.. . ................ .. B 2

1.2.2. Ethanol Conversion. .. ................... ... .. 5
1.3. Mechanism of The Reaction. ....................... 8
1.4. Nature of Zeolites. ... .......... ... ..., . 12

1.4.1. Structure and Classification. . ... ................ 13
L.5. Properties of Zeolites. . .. ... .......0 ' eununnenn.. 23

Central Library - Ain Shams University



CHAPTER I1
EXPERIMENTAL. . ........ . ... ... .. ... .

CHAPTER III
RESULTS AND DISCUSSION. ................. .

3.1. Investigation of Some Physical Properties of The Applied

Catalysts. .. .. ...

i

Central Library - Ain Shams University

26

26

28

30

33

33

33

35

41

45



3.2. Study on the Effect of Different Structures of Zeolites on the

Conversion of Ethanol.

---------------------------

-------------------------

-----------------------------

iii

Central Library - Ain Shams University

46

46

70

97

99

103



LIST OF TABLES

Page

Table 1: Zeolite Structural Groups. ...... ... ... .. ..., .. 19
Table 2: Pore Diameters in Zeolites. .................... .. 24
Table 3: Results of the Chemical Analysis of Na-Y and

Na-mordenite in the Form of Their Oxides. .. ......... 34
Table 4: X-ray Analysis Data for Mordenite Zeolite. .. ..., .. ... 36
Table 5: X-ray Analysis Data for Faujasite Zeolite. . ., ..., . ..., 38
Table 6: Effect of Reaction Temperatures on the Conversion of

Ethanol Over H-mordinate Catalyst at Different

Temperatures and Space Velocity 3.0 hr'', . .. .. .. ... . . 47
Table 7: Effect of Reaction Temperatures on the Conversion of

Ethanol Over H-mordinate Catalyst at Different

Temperatures and Space Velocity 2.0 he'l. .. ... ... . .. 351
Table 8: Effect of Reaction Temperatures on the Conversion of

Ethanol Over H-mordinate Catalyst at Different

Temperatures and Space Velocity 1.0 helo o L 53

iv

Central Library - Ain Shams University



Table 9: Effect of Reaction Temperatures on the Conversion of

Ethanol Over H-mordinate Catalyst at Different

Temperatures and Space Velocity 0.5 hr!

-------------

Table 10: Effect of Added Benzene on Product Distribution in the
Conversion of Ethanol Over H-mordinate Catalyst at

Reaction Temperature 400°C and Space Velocity 0.5

----------------------------------------

Table 11: Effect of Added Benzene on Product Distribution in the
Conversion of Ethanol Over H-mordinate Catalyst at

Reaction Temperature 425°C and Space Yelocity 0.3

----------------------------------------

Table 12: Effect of Added Benzene on Product Distribution in the
Conversion of Ethanol Over H-mordinate Catalyst at

Reaction Temperature 450°C and Space Velocity 0.5

----------------------------------------

Table 13: Effect of Added Benzene on Product Distribution in the

Conversion of Ethanol Over H-mordinate Catalyst at

Reaction Temperature 475°C and Space Velocity 0.5

----------------------------------------

Table 14: Effect of Added Benzene on Product Distribution in the

Conversion of Ethanol Over H-mordinate Catalyst at

Central Library - Ain Shams University

W
o

61

62

63

64



Table

Table

Table

Table

Table

Table

16:

17:

18

19:

20:

Reaction Temperature 500°C and Space Velocity 0.3

........................................

: Effect of Reaction Temperatures on Product Distribution

in the Conversion of Ethanol Over H.Y Catalyst at

Different Temperatures and Space Velocity 3.0 hr'l,

Effect of Reaction Temperatures on Product Distribution
in the Conversion of Ethanol Over H-Y Catalyst at

Different Temperatures and Space Velocity 2.0 he'l.

Effect of Reaction Temperatures on Product Distribution
in the Conversion of Ethanol Over H-Y Catalyst at

Different Temperatures and Space Velocity 1.0 hrl.

: Effect of Reaction Temperatures on Product Distribution

in the Conversion of Ethanol Over H-Y Catalyst at

Different Temperatures and Space Velocity 0.5 he'l,

Effect of Added Benzene on Product Distribution in the
Conversion of Ethanol Over H-Y Catalyst at Reaction

Temperature 400°C and Space Velocity 0.5 helo oL

Effect of Added Benzene on Product Distribution in the
Conversion of Ethanol Over H-Y Catalyst at Reaction

Temperature 425°C and Space Velocity 0.5 he'l.. .. .....

vi

Central Library - Ain Shams University

71

74

76

79

86

87



Table 21: Effect of Added Benzene on Product Distribution in the
Conversion of Ethanol Over H-Y Catalyst at Reaction

Temperature 450"C and Space Velocity 0.5 hr'!

---------

Table 22: Effect of Added Benzene on Product Distribution in the
Conversion of Ethanol Over H-Y Catalyst at Reaction

Temperature 475°C and Space Velocity 0.5 he'll oL,

Table 23: Effect of Added Benzene on Product Distribution in the
Conversion of Ethanol Over H-Y Catalyst at Reaction

Temperature 500°C and Space Velocity 0.5 he'lo oL

vil

Central Library - Ain Shams University



Fig.

Fig.

Fig.

Fig,

Fig.

Fig.

Fig.

Fig.

Fig,

Fig.

LIST OF FIGURES

(1) : Basic Structural Units of Zeolites. . . ... ... ... ....... .

(2) : Examples of Secondary Building Units, ............. . .

(3) : Possible Pathways for Formation of Faujasite Zeolite and

A-Zeolite.

------------------------------------

(4) : Common Depictions of Zeolite Structure. ............. .

(5) : Faujasite Zeolite. . ....................... ..

(6) : Mozjdenite Zeolite. . ... ... ... ... .. ... .

(7) : Catalytic Flow System. ........... .. .. ..

(8) : X-ray Analysis for Mordenite Zeolite................ . .

(9) : X-ray Analysis for Faujasite Zeolite. .. ...............

(10) : Differential Thermal Analysis Curves of Mordenite

Zeolite.

-------------------------------------

viii

Central Library - Ain Shams University

Page

16

17

18

20

21

27

37

39

42



Fig. (11) : Differential Thermal Analysis Curves of Faujasite

Fig (12) :

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

(13) :

(14) ;

(16) :

(7 :

(18):

(19) :

Zeolite. ... ...

Effect of Reaction Temperatures on Ethanel Conversion at

Space Velocity 3.0 he "' L L

Effect of Reaction Temperatures on Distribution of

Paraffinic Gases at Space Velocity 3.0 he'll oo

Effect of Reaction Temperatures on Ethanol Conversion at

Space Velocity 2.0 he''s ... .. L L

: Effect of Reaction Temperatures on Distribution of

Paraffinic Gases at Space Velocity 2.0 el oo

Effect of Reaction Temperatures on Ethanol Conversion at

Space Velocity 1.Ohe™ . ... ... . ... .. ...

Effect of Reaction Temperatures on Distribution of

Paraffinic Gases at Space Velocity 1L.O el . ... ... .....

Effect of Reaction Temperatures on Ethanol Conversion at

Space Velocity 0.5 he'ls . ... ... ... ... .. ... ... .

Effect of Reaction Temperatures on Distribution of

Paraffinic Gases at Space Velocity 0.5 he'l.. .. .. ... ... .

Central Library - Ain Shams University

43

48

48

52

54

54

56



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

(20)

(21)

(22)

(24)

(25)

(26)

(27)

(28)

(29) :

: Effect of Reaction Temperatures on the Total Aromatics at

Different Space Velocities. . .. ... ..................

: Effect of Contact Time on the Selectivity to Gases and

Aromatics at Reaction Temperature 475°C and Different

Space Velocities. . .. ........ ...,

: Effect of Added Benzene on Ethanol Conversion at

Different Reaction Temperatures. . ..................

: Coke formation in mordenite zeolite catalyst, . .........

: Effect of Reaction Temperatures on Ethanol Conversion at

Space Velocity 3.0 he'l . .. .. .. ..

: Effect of Reaction Temperatures on Ethanol Conversion at

Space Velocity 2.0 el

: Effect of Reaction Temperatures on Ethanol Conversion at

Space Velocity 1.0 he le

: Effect of Reaction Temperatures on Ethanol Conversion at

Space Velocity 0.5 Y

Effect of Space Velocities on Product Distribution in

Ethanol Conversion At Different Reaction Temperatures. . .

Central Library - Ain Shams University

66

69

72

75

77

80

81



