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Abstract

Abstract

It’s growing demand for plasticizers with the rapid development of the plastics
industry, simultaneously, people have a higher hygiene requirements with awareness
of environmental protection. Epoxy FAME comes from the epoxidation of double
bonds of unsaturated FAME.

This study can be divided into two parts. The first part is the process
improvement of FAME epoxidation catalyzed by phosphotungstic acid hyamine. We
found the catalyst with higher catalytic activity and higher catalyst recovery by
optimizing the process parameters and changing the quaternary ammonium salt of
catalyst. In the process, we also discovered the laws of different long chain alkyls of
quaternary ammonium salts on the catalyst performance and the effective method of
catalyst recycling, which effectively solved the problem of low recovery rate for this
technology.

The second part is process exploration of FAME epoxidation catalyzed by
supported Au-Pd catalyst using air as oxidant (Gas phase oxidation). We got the
optimum parameters finally by studying the influence of different supporters, reaction
temperature, reaction time, air pressure, catalyst amount and Cs amount in the doped
catalysts. With XRD, TEM, O,-TPO, O,-TPD and H,-TPR, we investigated
crystallographic phase, surface topography and redox features of 1Au-xPd/CeO; and
1Au-0.5Pd-xCs/CeO,, explored the relation between these characteristics and reaction
activity, and revealed the mechanism of the catalytic process and surface active
species on the catalyst.

Main results are summarized as follows:
1.  In the process of FAME epoxidation catalyzed by phosphotungstic acid hyamine,
we found that the optimum technological parameters combination was: 3% (catalyst
weight/oil weight), 1 {mol (H,O,)/mol (double bond)}, 4h, 40°C.

2. We found the catalyst phosphotungstic acid-1-cetyl-trimethyl ammonium

I



Abstract

chloride with higher catalytic activity and higher catalyst recovery by changing of
quaternary ammonium salt of catalyst. We used deionized water extraction method to
recover the catalyst and the catalyst recovery was 92% with extraction of more than 3
times. Epoxy value and iodine value of products remained almost unchanged when
the recovered catalyst was reused 5 times.
3. In the process of FAME epoxidation catalyzed by supported Au-Pd catalyst, we
found that the optimum technological parameters combination was: 1Au-0.5Pd/CeO,,
2.3% (catalyst weight/oil weight), 3MPa (air pressure), 8h, 65°C.
4.  Cs doped catalyst 1Au-0.5Pd/CeO; greatly improved the reaction. The catalyst
had the most obvious effect when the Cs doped amount reached 1% or 1.5% (occupy
supporter weight). The adding of phosphotungstic acid hyamine accelerated the rate
of mass transfer system and improved the conversion rate, but epoxy value of
products remained almost unchanged.
5. Accounting for all the characterization results, we conclude that Au,O, and
Au,CsyO adsorbed weakly on the CeO, surface were the important catalytic active
sites.

Gas phase method is the ideal production process with atom economy. It has an

important meaning to go deep into the research on this method.

Key words: Epoxidation, FAME, Phosphotungstic acid hyamine, Supported Au-Pd

catalyst
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