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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The invention relates generally to the use of inorganic carbonates in the conversion of biomass, and more
specifically to the decomposition and regeneration of such inorganic carbonates.

2. Description of the Related Art

[0002] Inorganic carbonates, in particular sodium carbonate and potassium carbonate, have been proposed as cat-
alysts for the conversion of biomass. It is also known that carbonates, in particular potassium carbonate, are formed as
abyproduct of the conversion of certain types of biomass. However, the role of inorganic carbonates in biomass conversion
has been poorly understood, which has led to on the one hand a sub-optimal use of these carbonates and, on the other
hand, to an undesirable accumulation of carbonates in biomass conversion reactors due to the formation of carbonates
as a byproduct.

[0003] Thus, there is a particular need for an optimized process for the catalytic conversion of solid biomass material
making use of the catalytic properties of inorganic carbonates.

BRIEF SUMMARY OF THE INVENTION

[0004] The present invention addresses these problems by providing a process for the catalytic conversion of solid
biomass material, said process comprising the steps of:

(i) reacting the solid biomass with an inorganic carbonate, whereby a bio-oil is formed and at least part of the inorganic
carbonate is converted to the corresponding hydroxide;

(i) regenerating the hydroxide to the corresponding carbonate; and
(iii) recycling the carbonate obtained in step (ii) to step (i).

[0005] Another aspect of the invention comprises a method for recovering heat from char and coke that are formed
during the biomass conversion. Suitably, the step of regenerating the hydroxide to the corresponding carbonate is
combined with the step of recovering heat from char and coke.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0006] The present invention is based on the discovery that inorganic carbonates decompose to the corresponding
metal oxide and carbon dioxide under conditions that are suitable for their catalytic conversion of biomass material to a
bio-oil.

[0007] This discovery has led to the development of a catalytic conversion process for solid biomass material, said
process comprising the steps of (i) reacting the solid biomass with an inorganic carbonate whereby a bio-oil is formed
and at least part of the inorganic carbonate is converted to the corresponding hydroxide; (ii) regenerating the hydroxide
to the corresponding carbonate; and (iii) recycling the carbonate obtained in step (ii) to step (i).

[0008] Schematically, this can be represented as follows:

X0.CO, + biomass — XOH + H,0 + CO, + activated biomass

XOH + activated biomass — bio-oil + H,O + XO

X0 + CO, — X0.CO,
[0009] The temperature in step (i) is generally in the range of from 200°C to 500°C, more preferably in the range of
from 350°C to 450°C. These temperatures are normally not considered high enough to cause the decomposition of
inorganic carbonates. However, due to interactions that exist between the carbonate and the biomass material, at least

partial decomposition of the organic carbonates occurs at these temperatures.
[0010] In addition, bio-oil that is formed in the conversion of biomass is highly acidic, due to the presence of organic
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acids such as carboxylic acids. Typically, bio-oils produced in these reactions have a pH of less than 3. This is low
enough to convert an inorganic carbonate to the corresponding hydrogen carbonate, or bicarbonate. The bicarbonates
are thermally considerably less stable than the carbonates from which they derive.

[0011] In a sense, the reaction is self catalyzed. The formation of a small amount of a bio-oil lowers the pH, thereby
accelerating the decomposition of the carbonate. The metal hydroxide resulting from the decomposition of the carbonate
access a sink for the acidic bio-oil compounds that are formed. The presence of the metal hydroxide thereby facilitates
the formation of the acidic bio-oil.

[0012] Animportant corollary to the above described reaction mechanism is the fact that the inorganic carbonates are
not true "catalysts" in that they are themselves converted in the reaction that is catalyzed by them. As a consequence,
they need to be converted back to the original carbonate before they can be utilized again in the biomass conversion
reaction.

[0013] To some extent, regeneration of the hydroxide to the carbonate may take place in situ, as sufficient CO, may
be formed in the biomass conversion to react at least some of the hydroxide back to the corresponding carbonate. This
may be a reason why the need for regeneration is not generally recognized by those active in this field.

[0014] The picture is complicated further by the fact that biomass material from most sources contains considerable
amounts of inorganic materials, which form a solid byproduct generally referred to as "ash". Depending on the reaction
conditions, at least part of the ash will be in the form of inorganic carbonates.

[0015] As a result of these complicating factors, prior art processes tend to operate with uncontrolled amounts of
inorganic carbonates. On the one hand, unknown quantities of carbonate are lost to conversion to the corresponding
hydroxide. On the other hand, equally unknown quantities of carbonate may be formed from the inorganic materials
present in the biomass feedstock.

[0016] The process of the present invention addresses the former issue by providing a regeneration step in which
hydroxide is converted to the corresponding carbonate. In a preferred embodiment the process of the invention addresses
the latter issue by recovering carbonates present in the ash by-product and recycling them back into the process to the
extent required.

[0017] The process of the invention is suitable for conversion of any type of solid biomass material to form a bio-oil.
The process is particularly suitable for the conversion of biomass comprising cellulose. The biomass feedstock used in
the process may further comprise lignin.

[0018] An important aspect of the process of invention is the formation of bio-oil. In addition, part of the biomass is
converted to non-condensable gases. During the conversion reaction to a solid residue is formed as well. The solid
residue may contain any unconverted solid biomass material. The solid residue further comprises solid reaction products
of the biomass conversion reaction, in general coke and char. The inorganic materials present in the biomass feedstock
to some extent end up in the gas phase in the form of fly ash; for the most part, however, the ash is present in the solid
residue, generally embedded in the char.

[0019] Any inorganic carbonate that was added to the reaction mixture will also find its way to the solid residue of the
biomass conversion reaction. For reasons explained above, at least some of the inorganic carbonate may be present
in the solid residue in the form of the hydroxide.

[0020] Itis desirable to bum the char and/or coke present in the solid residue by heating the solid residue in an oxygen
containing gas. A suitable example of an oxygen containing gas is air. Heat generated by burning the char and/or coke
can be used to supply heat to the biomass conversion step. Significant amounts of CO, are formed during the burning
of the char and coke. Any metal hydroxide or metal oxide present in the solid residue is converted to the corresponding
carbonate during this regeneration step. A suitable regeneration temperature is in the range of from 550°C to 800°C,
typically around 650°C.

[0021] Regenerated carbonate is recycled back into step (i). Suitably, the carbonate particles may be used to carry
heat from the regeneration reaction to the biomass conversion step.

[0022] Any inorganic carbonate is suitable for use as a catalyst in step (i) of the process. Particularly suitable are the
carbonates of the monovalent and divalent metals. The monovalent alkali metals are particularly preferred, especially
sodium and potassium.

[0023] The ash formed in the solid residue of the biomass conversion reaction may comprise the oxide, the hydroxide
or the carbonate of alkali metals and earth alkaline metals. The ash can be converted to the carbonate ash in step (ii),
and the carbonate ash can be recycled to step (i).

Claims
1. A process for the catalytic conversion of solid biomass material, said process comprising the steps of:

(i) reacting the solid biomass with an inorganic carbonate, whereby a bio-oil is formed and at least part of the
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inorganic carbonate is converted to the corresponding hydroxide;

(i) regenerating the hydroxide to the corresponding carbonate; and

(iiif) recycling the carbonate obtained in step (ii) to step (i).
The process of claim 1 wherein the solid biomass comprises cellulose.
The process of claim 2 wherein the solid biomass further comprises lignin.
The process of any one of the preceding claims whereby, in step (i), a solid residue is formed.
The process of claim 4 wherein the solid residue comprises the hydroxide, and solid reaction products of the biomass.
The process of claim 5 wherein the solid reaction products of the biomass comprise char and ash.

The process of claim 6 wherein step (ii) comprises burning the char off the solid residue in an oxygen-containing gas.

The process of any one of the preceding claims wherein the inorganic carbonate is the carbonate of a monovalent
or divalent metal.

The process of claim 8 wherein the monovalent metal or divalent metal is an alkali metal or an earth alkaline metal.

The process of claim 9 wherein the inorganic carbonate is sodium carbonate, potassium carbonate, or a mixture of
sodium carbonate and potassium carbonate.

The process of claim 6 wherein the ash comprises the oxide, the hydroxide or the carbonate of an alkali metal and/or
an earth alkaline metal.

The process of claim 11 wherein the ash is converted to carbonate ash in step (ii), and the carbonate ash is recycled
to step (i).
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