


vl | e i
@ ASUNET

“-.xm.‘.u” | 9 Vx‘;i,?ud‘ iﬁ.‘:u«.;




et | e .|
@ ASUNET

Agnaladl cila glrall 3_&'_;

"%gg é,,,ﬁ?f';v |

i | 0 ol S
'@ ASUN ET

% 40-20 (s mw* fw&é@d)g At 2() — 15 (e féwﬂ_);s. :L'm‘_;é ‘_,ﬁ

To be kept away from dust in dry cool place of
15 — 25¢ and relative humidity 20-40 %







v | b bk
& ASUNET

dazalall Cila glaall A<




Investigation of the Catalytic Activity
of Some Metal Oxides Systems in Relation fo Their

Preparative Variables and Plysico-Chemical Characteristics

A Thesis Presented

By

Hassan Mohamed Ahmed

B.Sc.Chemistry

An Partial Fulfillinent of the Requirements for the
Degree of Master of Science in Chemistry

g
i

AE I BT PEEREE: g oea i n

Department of Chemistry
Faculty of Science

Suez Canal University
WA |




o

v



Suez Canal University
Faculty of Science

Approval Sheet

Degree': The Master of Science in Chemistry

Title: Investigation of the catalytic activity of some metal oxides systems in relation to
their preparative variables and physico-chemical characteristics

Candidate: Hassan Mohamed Ahmed

Thesis Rej@
Prof. Dr. Salah Abdo Hassan /4

Professor of Physical Chemistry, Faculty of Science, Ain Shams University, Cairo

Prof. Dr. Abdel Fattah Mohamed Yossef .3~ /"7Z.: ‘)‘{ “%"Q "
Professor of Physical Chemistry, Faculty of Science, Mansoura ijmversaty, ﬁdansoura

Dr. Farouk M .Radwan g‘ AT«%“&J\NW

Assoc. Prof. of Physical Chemistry, Faculty of Science, Suez Canal University, Ismaillia




Ll



Acknowledgment

Thanks are always due to God
It is a pleasant duty to gratefully offer my indebiness and

gratitude to Dr. Farouk Radwan, Associate Professor of Physical Chemistry,
Faculty of Science, Suez Canal University, for suggesting the theme of the
present work, masterly supervision, valuable discussions, critical reading of the

manuscript and keen interest throughout the present work.

{ would like to express my thanks to Dr. Nagi Radwan, Associate
Professor of Physical Chemistry , Faculty of Education, Suez Canal University
and Dr. Adel Orabi, Associate Professor of Inorganic Chemistry, Faculty of
Science, Suez Canal University for their unfailing help, kind interest and

supervision..

Thanks are also due to the staff members and colleagues of the
Department of Chemistry of the Suez Canal University, particularly
Dr. Nasser Youssif, Lecturer of Physical Chemistry, Mrs. Hanan Higazy and
Miss Fatma El-Sayed for their kindness and appreciated assistance.

Hassan M. Ahmed






Contents Page
LT Of fIBUKES. ...t it e e e i
List of tables...........ooiiiiiiiiii e vi
B Inbroduction ..........oooiiiiiiiiiice et 1
LEGeneral........ooiiii e 1
1.2.Preparation of catalytic active solids.............c.ceeervriviseesie oo I
L2.1- Precursor method. ........ooooiiiiiiiiiiiiiiiiee e, 1
1.2.2- The sol-gel method.............oooviiiiiiieeeeeeeeee e, 2
1.2.3- Hydrothermal method..................oovvieineeenecnee e, 4
L3.8pInel. .. e 4
t.4.Theoretical aspects pertaining to the performed physico-chemical
measurements and calculations. ..........ceeisveeeeiiieeeeee v e eee e 7
1.4.1- Thermal analysis..............ouuiureeeeeeeireneeeeeeeeeeeoeo e 7
1.4.2- Fourier transform infrared (FT-IR)........ccoeeeeveesoesoeeoeeeo 11
1.4.3- Surface characterization..............c.ocooeviveveeeeees oo, 12
1.4.4- Carbon monoxide as a dangerous environmental pollutants......... 27
2. Literature ReVIEW ........ooooiiviiiiiiieereeeeoseisoe st r s ans 31
Aim and Pan of Work..........c.oooimiiiiiiiiii oo 46
3. Materials and Methods..........oooo.ooiiiiuiieieeios oo 47
3.1- Designation of the catalyst SyStems.................ueeemoereverreeeee oo, 47
3.2- Preparation of the concerned catalytic SyStems............ovveeeoeoeeoeosoonn 47
3.2.1- Preparation of Precursors............ceeueevomsereeeseoeesooon 47
3.2.3- Preparation of pure CoyO spinel.......cocoeeeeveirieieeeeeeesieeeinn, 50

3.2.3- Preparation of substituted cobalt oxide spinels........................ 50

3.3- Chemical analysis of the concerned catalytic SYstems.........coeveiiiiiieenieen. 51

3.4- FT-IR absorption analysis..................ccceieevuresvcessesssosoeesoos o 52
3.5- X-ray diffraction analysis (XRD)..........eooorveeeeeeoeeeeoeoeeseeooo oo 52
3.6- Determination Of aCtiVe OXYEEM .........ccveeeeereeeeeieeseees oo 53
3.7- Density MeasuremMents. ...........ovuveueeeeeeeeee e eee oo 53
3.8- Thermal analysis of catalyst precursors..............ooeveeeveeooeesoooeson, 53

-



3.9- Thermal decomposition of the catalyst precursors and calcination of
the resulting solid products................ooviiiiire e
3.10- Investigation of the catalytic activity of the cobalt oxide systems.........
3.10.1- Catalytic activity towards liquid phase H,Q, decomposition ....
3.10.2- Catalytic activity towards carbon monoxide oxidation..............
3.10.3- Catalytic activity of pre-oxidized samples..............c.covveneenn
3.11- Textural analysis of the calcined solid decomposition products................

3Ll SUrface ara. .. cvvvveieie et et e errieins

3.11.3- Scanning electron microscopy (SEM).....cccooiiiiiiiiiiiiiierinnnn.
3.11.4- Surface excess oxygen {non - stiochiometricj .........................
3.11.5- Catalytic activity of hydrazine vapour- treated samples............
3.11.6- X-ray photoelectron spectroscopy (XPS)........cocveeiieiniennnnnn.
3.11.7- Electron paramagnetic resonance and magnetic susceptibility... ..
3.11.8- Particle size distribution.............cocoivinrieen e
d- Results and Discussion.............c.cceoei it e
4.1- Characterization of PreCurSors.............ccovvuvrereuiiereiieiieeirceearaeesneine
4.1.1- Chemical analysis and physico-chemical characteristics.............
4.1.2- FT. IR absorption analysis..........cccceeeeieeriiininieneeieennreenaennn
4.1.3- Characterization of the thermal decomposition course of the
PRECULSOTS. ..o enitiieit et et te et et e rr b s as e rameenen s tnransamranns
4.1.3.1- Introduction.............ceiiveiiicnnionennns. e
4.1.3.2- Decomposition events and their produets................
4.1.3.3- Non-isothermal kinetic parameters of the thermal
decomposition of the precursors ..........oocveervrnnin

4.2- Characterization of calcined solid thermal decomposition products of the

Lo Lo S PRSPPI
4.2.1- Bulk chemical composition............ccceuirirecreiiiiiiiriiiinceiieee
4.2.1.1- Chemical analysis........cccevvieeeiieerniiiinrieenencenieanns

4.2.1.2- Electron paramagnetic resonance (EPR) and magnetic
susceptibility ... ...

4.2.1.3- FT. IR spectroscopy analysis.......c.vvurervenvvencnsrenes

I-FT. IR analysis of the investigated cobalt oxide

i
71
73



SYSEEINIS. oo 97
H-FT. IR analysis of hydrazine-treated samples......... 102

4.2.1.4- X-ray diffraction analysis...............coomiiiin 184
I-X-ray diffraction analysis of the systems
Cateol - CateVIT oo 104

II-Investigation of the influence of calcination
Temperature 300-900°C on the XRD patterns of

4.2.2- Kinetic and thermodynamic investigations of the catalytic
Properties of the prepared cobalt oxide systems........................ 114
4.2.2.1- Catalytic activity towards liquid phase H,0,
decOmPOSItion ...........c.ooovoieeeeeeso 114

4.2.3- Results of texture, surface and morphology studies of the systems

Catel - Cate, VIl and Cateyyn300 - Categyn900.........oev oo 129
42.3.1- Surface area..............ooovveereneeso 129
4.2.3.2- Pore size distribution..................oo.oooeie 132

4.2.3.3-Catalytic activity in relation to surface and textural
characteristics of the systems Catc,] - Cate, VII and
Cateywy300 - Cateow900......... VR .11

4.2.3.4- Particle size distribution................. . 141
4.2.3.5- Scanning electron microscopy (SEM)..................... 144
4.2.3.6- Surface chemical composition (XPS)..................... 147

4.2.3.7- Catalytic activity in relation to the surface chemical
composition in terms of Co™% ,C0%*% and Co™/ Co® 153
4.2.3.8- Surface excess oxygen (surface non-stoichiometry)...... 158
4.2.3.9- Investigation of catalytic activity in relation to the
surface excess oxygen.............................___ 161
4.2.3.10- Relationship between activity and cobalt species of
L 178



References
Appendices
Slimmary

Arabic summary



