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Recovery of Useful Chemicals from Oxygen-Containing
Tars Derived from Biomass
(NAL <~ AHREBE Y — Vi S OFRLZEWE ORI

Concerns to the cogeneration of CO, in a stoichiometric ratio to carbon in fossil fuels, and
the depletion of oil reserves have spurred considerable research into alternative fuels or tech-
nologies for environmentally sustainable energy, chemicals, and materials production. One
alternative fuel is biomass. The use of biomass for chemicals production was studied in this
paper.

This paper consisted of five chapters. Chapter 1 was introduction that explains about biomass
degradation and the use of iron-based catalysts related to the objective of current research.
Thermal degradation of biomass, such as pyrolysis and hydrothermal treatment, has been
extensively studied. Pyrolysis is thermal degradation either in complete absence of oxidizing
agent, or with such a limited supply that gasification does not occur to an appreciable ex-
tent. Meanwhile, during hydrothermal treatment, biomass is hydrolyzed with steam. Both
of pyrolysis and hydrothermal treatment of biomass produce tar, gas, and residual char. The
produced char and gas produced from pyrolysis are sources of syn-gas for energy production.
On the other hand, the tar can be processed further to recover useful chemicals. In our
previous study, iron-based catalysts (a-FeOOH) were used to recover useful chemicals from
inedible biomass and waste. The iron catalyst particle sizes less than 850 um are used to de-
compose biomass and produce useful chemicals. During catalytic reaction, a-FeOOH catalyst
was treated with steam. This treatment increases in pore size and generates many surface
active sites. The concept of treating iron-based catalysts with steam was used to generate
enhanced iron oxide-based catalysts. Moreover, the addition of ZrO; to «-FeOOH catalyst
was demonstrated to enhance catalytic activity and aid the decomposition of organic mixtures
containing large amounts of water. Zirconia supported on iron oxide catalyst (a heterogenous
catalyst) can be prepared by two principal methods: impregnation and.co-precipitation. The
co-precipitation is a better method for preparing zirconia-iron oxide catalysts because it pro-
vides a higher concentration of the ZrQO, dispersion and thus higher activity.

Chapter 2 described the reactions of chemical model compounds to determine the reaction
pathways. Since in this study, cedar woodchips and ethanol fermentation stillage were used
as raw biomass, therefore, the chemicals correspond to the biomass and their tars contents
were utilized as model compounds. Hydrothermal treatment of glutamine and proline, model
compounds of protein in stillage, produced 2-pyrrolidinone and high molecular weight com-
pounds, respectively. Moreover, the reaction of tar model compounds over ZrQO, — FeOx
catalyst proceeds as follows. Acetic acid and propionic acid are converted into acetone and
3-pentanone, respectively. However, acetone is inactive over the catalyst. Ketonization of
carboxylic acid over ZrO, — FeOyx catalyst was influenced by the lattice energy of the cat-
alyst. On oxides with high lattice energy (high metal-oxygen bond strength) such as ZrO,
and a — Fey0;, ketone formation occurs on the surface. During selective oxidation on the
surface, lattice oxygen is consumed and results in lattice oxygen deficiency. This deficiency
is removed by active oxygen species generated by the decomposition of water on ZrQ,. On
the other hand, methanol, furfural, and phenol are also inactive over the catalyst, since little
product was identified. The catalytic reaction of ethyl acetate and 2-pyrrolidinone as model
compounds of tar derived from stillage was also carried out and resulted that ethyl acetate is
converted into acetone, about 35 C mol% of the 2-pyrrolidinone is converted into high molec-
ular weight compounds.
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During pyrolysis and hydrothermal treatment, inorganic matter such as alkali and alkaline
earth metals (potassium and magnesium) are released and dissolve in the tar. The effect of
potassium on ZrO, — FeOx activity was investigated using acetic acid and ethanol as model
compounds. The yield of acetone from acetic acid by ketonization increases as the amount of
K impregnated into the catalyst increases, indicating that K on ZrO, — FeOyx catalyst en-
hances the adsorption of acetic acid in the active sites, leading to an increase in acetone yield.
This reaction does not consume lattice oxygen. On the other hand, when ethanol was used
as feed, the presence of K at lower ZrO, content in the catalyst decreases catalytic activity
as the K concentration increases because K consumes lattice oxygen during the oxidation of
ethanol into acetic acid. At higher ZrO; content in the catalyst, K had little effect on catalytic
activity due to the large surface area of the catalyst. Although K consumed lattice oxygen,
the large amount of ZrO, generated sufficient lattice oxygen for the oxidation reaction to
occur.

Chapter 3 clarified production of ketones from pyroligneous acid (liquid tar) derived from
woody biomass pyrolysis over an iron oxide catalyst. Pyroligneous acid, by-product from
slow pyrolysis of woody biomass, contained oxygenated chemicals such as hydroxyacetone,
carboxylic acids (e.g. acetic and propionic acids), methanol, cyclic ethers, phenol and also
metal impurities (e.g. K and Mg). The pyroligneous acid was converted into aliphatic ke-
tones (acetone and 2-butanone) via a ketonization reaction over the ZrO, — FeOx catalyst.
However, reaction inhibition by K and Mg was observed. Removal of the metal cations from
the pyroligneous acid using a cation-exchange resin was effective, though, for maintaining
catalytic activity for ketone production. The ketone yield increased up to approximately 30
C mol%, and the ketone fraction in the liquid product reached 55 C mol%.

Chapter 4 explained conversion of ethanol fermentation stillage into aliphatic ketones by
two-step process of hydrothermal treatment and catalytic reaction. During hydrothermal
treatment, the stillage was converted into oxygen-containing liquid tar that consisted of cyclic
compounds containing nitrogen atoms, aromatics, ketones, ethers, esters, carboxylic acids,
aldehydes, and some undetectable compounds. Catalytic reaction of the liquid tar over the
catalyst, cyclic compounds containing nitrogen atoms were converted into heavy components
because of polymerization reaction. Meanwhile, esters and carboxylic acids were converted
into aliphatic ketones via hydrolysis, oxidation, and ketonization reactions. After catalytic
reaction of the liquid tar, about 20% of aliphatic ketones were recovered.

Chapter 5 contained summary of this paper and outlook of useful chemicals production de-
rived from cacao pod husk.
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