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WETNESS IMPREGNATION/ LIQUID STATE ION EXCHANGE/ PHYSICAL
MIXING/ PHENOL HYDROXYLATION/ CHITOSAN/ GOLD-PALLADIUM/

OXIDATIVE HOMOCOUPLING OF ARYLBORONIC ACID.

The objective of this thesis was to understand properties of catalysts and
influence the catalytic performance in phenol hydroxylation and oxidative
homocoupling of arylboronic acid. For phenol hydroxylation, Fe was employed as an
active metal; zeolite BEA and MCM-22 in ammonium form (NH,BEA and
NHsMCM-22) and proton form (HBEA and HMCM-22) were used as supports. Fe
was introduced onto the zeolite supports by incipient wetness impregnation (IWI),
liquid state ion-exchange (LSIE) and physical mixing (PM). Fe loading in LSIE
catalysts was much lower than that in IWI and PM catalysts with isolated Fe,Oj3 inside
the pore of zeolite. The Form of Fe in IWI and PM catalysts was Fe,O3 particles on
the external surface of zeolite. From the phenol hydroxylation testing, the catalyst
prepared from LSIE was the most active as it gave the fastest reaction rate and the
lowest mass loss. The conversion of phenol was about 55 - 65% while the product
selectivity (CAT and HQ) was 70%. The superior property of the catalyst from LSIE

came from the presence of isolated Fe,Oj3 inside the pore of zeolite. To further study
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the influence of the Al content in support, the zeolite HBEA was dealuminated by
HNO; producing D-BEA and replaced with Fe in the T-vacant site by LSIE method.
The dealumination resulted in a contraction of the zeolite lattice and the Fe insertion
resulted in an expansion. The isolated Fe,Oj3 at the ion-exchange position was favored
on the D-BEA. The reaction rate decreased with the dealumination time until 180 min,
then increased at the dealumination time of 240 min attributing to the opening of
zeolite pore. Compared to Fe supported on BEA, the Fe supported on D-BEA raised
the product selectivity (CAT and HQ) to 80% and reduced the mass loss.

To understand the cause of the carbon mass loss after phenol hydroxylation, the
spent catalysts were studied by temperature programmed oxidation (TPO). The
amount of coke from TPO was in good agreement with the carbon mass loss. The
amount and nature of coke was depended on the Fe loading method. Softer coke was
produced from IWI and PM catalysts. Besides the deep oxidation of CAT, HQ and
BQ by H,0,, formation of organic acids was suspected and then confirmed by
Attenuated Total Internal Reflectance Spectrometry (ATR) and High Performance
Liquid Chromatography (HPLC).

Finally, the homocoupling of arylboronic acid over bimetallic Au/Pd alloy
nanoclusters stabilized by chitosan was studied. The catalyst Augg;Pdo.19:Chit was the
most active, particularly in comparison with monometallic Au:chit. The observed
Hammett correlation indicates that the reaction is likely to occur by multiple

mechanisms or multiple catalytic sites probably involved in bimetallic catalysis.
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