) o A gal) 4y o) wae (laeal) @ Jla e o 3l A3
18 i) i g8

6 ssball e aluiiy

) )
QA:L..AA daaa Hlida daaa _J_i
)l )L AUES A )

saliiaall

A il ubY) sl & sy N Gl Jie ¢ PO, Ae saaas ddasi jall (alaall de gane
Go s e Gaeall (e COSE e (S g 5 el ) Cueadiul (FeP) waall <l il
FeP zehu o cdlelitll Aumeal) Caglall Jla 8 FeP phwd o ciuaiilly o siand sal
MO- (e sl alaal il 3 shadll IS dladill ¢l V) Al e aclud HPA <l
Ay g Walael &3 (%0 V) W 5 MO (e <ilida (55 5a Jaend ge 48 all W-FeP 5 FeP
e XRD, TEM ¢ _paliall Jilad o) 53 dxiiaall o) sall Cona 68 o3 4004 3k g lily
3 A seall uldl el ubie FTIR 3o 5o () Galiaial ¢ XPS ¢ Gl glal
L ) mhu e FeMOP £ 5Y (o g s JSii) adall Jalaill Capa 65 il
W5 MO daesi (7 50 © 5 £) g L)) e G el Al G sl i il

A Al Coleld A il J) Y 5 30uSY) (ailiad g A gaall g0 Al )l
Al FeP J 45l ¥ clive Jo sl 2, 6 aladiuly o 3l A3 <l jéad) jlaal
Glie e Walds B8 <5 bulk FeMoP s FeWP HPA 5 WO; « MoO; «Fe,Os,
Gl jise Goehal il 2y IS s ol A WO-FeP 5 MoOy-FeP i
e %° MO Jasdll jisdll ba gad ¢ WO,-FeP @il jisdll (1o Juzadl ¢1al MoO,-FeP
s 153 35 5 () 5 32 MOOX-FeP & il uaall (g juanill Laliill | adi o Ll ekl
Al (e Al g Leliad (S 3 gall 038 FEMOP (10 (oobise & A 23a%a (iaes 5 JI 5AY)
Adail) A sl Lpcaalall g1 61 e o puill Ao lia gh Laladind saley Jelil)



Benzylation of benzene over insitu generated heteropolyacid catalysts on
surface of nano metal phosphate

Ebtesam Aali Al-Mutairi

Supervised By
Prof. Dr. Mohamed Mokhtar Mohamed Mostafa

Prof. Dr. Katabathini Narasimharao

ABSTRACT

Tethered metal-PO,4 groups, such as those found in the framework of iron
phosphate nanotubes (FeP) were utilized to grow the Keggin type molybdenum and
tungsten heteropolyacid (HPA) clusters on the surface of FeP under acidic conditions.
The interactions between the FeP surface and HPA clusters help to generate the active
species during the impregnation step. Nano sized Mo-FeP and W-FeP composites with
different Mo and W molar loadings (1-5%) were prepared by following the established
method. The synthesized materials were characterized by elemental analysis, XRD, TEM,
Raman spectroscopy, XPS, pyridine adsorption by FTIR spectroscopy for acidity
measurements, N-physisorption, Hj,-temperature programed reduction etc. techniques.
Spectroscopic characterization results suggest that Keggin-type FeMoP species were
formed on the surface of the iron phosphate nanotubes in the case of catalysts with higher
(4 and 5 mol%) Mo and W loadings.

To study the role of acidity and redox properties of catalysts in benzylation
reaction, the catalysts were tested for benzylation of benzene using benzyl chloride. Pure
FeP nanotubes, Fe,03, M0oO3;, WO3; and bulk FeMoP & FeWP HPA samples are less
active than MoOx-FeP and WOx-FeP composite samples for the benzylation of benzene
with benzyl chloride, MoOx-FeP catalysts showed better performance than WOx-FeP
catalysts, particularly the 5 mol% Mo loaded catalyst showed high activity. The enhanced
catalytic activity of MoOx-FeP catalysts attributed to the presence of easily reducible and
porous FeMoP heteropolyacid species. These materials can be readily separated from the
reaction system for reuse. They are resistant to leaching of the active heteropolyacid
species.



