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Abstract

The catalytic conversion of glycerol to acrylic acid was achieved by the subsequent
oxidation of glycerol dehydrated products. The experiment was conducted in a fixed bed reactor.
The product effluent was analyzed by GC-FID. Initially, the glycerol dehydration to acrolein was
studied with various acidic zeolites (HZSM-5, HBeta, HMordenite and HY at Si/Al=13-500)
under flow of helium (30 m].min'l) at 275-400 °C. It was found that over the acid zeolites,
acrolein and acetol are generated as primary products. A part of them further react to secondary
products (acetaldehyde, propionaldehyde, pyruvaldehyde, cyclic unsaturated oxygenate
compounds and coke) via the surface oxygenate pools that can be cracked drastically at higher
temperature. The used of medium pore (HZSM-5) can inhibit the formation of such secondary
products. Hence, the high selectivity to acrolein (81 %) with complete conversion was obtained
when HZSM-5 (Si/Al=13) was used at 300 °C.

Subsequently, the oxidation of dehydrated products over the vanadium-molybdenum
oxides on silicic acid support (20-100 wt% mixed oxides loading and V/Mo0=0.2-2) was
investigated in atmosphere of O, (0.05-0.20 atm of O, partial pressure). The catalysts were
compared in separated and mixed bed system. It was found that the separated system is highly
selective for oxygenate C,. In the mixed oxides bed, the acrolein and acetaldehyde from
dehydration step can be oxidized to acrylic and acetic acid respectively. Meanwhile, the acetol is
decomposed to acetic acid. The catalyst with 45 % mixed oxides and V/Mo=0.3 provide good
dispersion and high selectivity to acrylic acid. The XRD shows that the V-Mo-O hexagonal,
orthorhombic and triclinic is an active component. The maximum 98 % selectivity to acrylic acid

with 48 % acrolein conversion can be achieved at 0.20 atm of O, partial pressure.
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CHAPTER 1
INTRODUCTION

1.1 Motivation

Approximately two-third of high-value organic chemical intermediates contain
oxygenates including aldehydes, ketones, alcohols and anhydrides [1]. Acrylic acid and its
derivatives are among the most important oxygenated petrochemicals used mainly in coating
industry. Selective oxidation was employed for production of acrylic acid via partial oxidation of
propane and propylene to acrolein [2-4] or direct oxidation using MoVTeNbO [5] and vanadyl
pyrophosphate [6]. Although these processes are currently successful, propane and propylene are
unrenewable resources. While the goal of modern petrochemical industry focus on sustainable
development, the use of alternative renewable source is more appropriate.

With this view, glycerol which is produced as parallel products from biodiesel production
[7, 8] becomes over supplied. Several attempts have been done to make use of glycerol such as in
polymer additives [9, 10] and cosmetics [11]. Nevertheless; it ig also worth utilizing glycerol for
alternative resource for production of oxygenated chemical namely acrylic acid.

It was known that high oxygen content in glycerol molecule could be easily eliminated
by dehydration to forfxi a.cro]ein [12, 13]. This intermediate can be subsequently oxidized to
acrylic acid. However, acrolein possesses handle difficulty due to low boiling point and self
polymerization. It would be nice to integrate the dehydration and oxidation processes for the
direct conversion of glycerol to acrylic acid. Such approach would open sustainable way to

provide useful oxygenated C, petrochemicals especially acrylic acid from renewable sources.
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