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DESCRIPTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a process for preparing a bio-oil having reduced mineral
content.

2. Description of the Related Art

[0002] Depending on its origin, biomass may contain significant amounts of minerals,
generally referred to as ash. In academic papers, experiments have been described in which
biomass was subjected to a wash treatment prior to prolific conversion. These experiments
show that minerals present in biomass have an effect on both the conversion yield and product
mix of biomass conversion processes.

[0003] Biomass conversion processes generally produce gaseous, liquid, and solid products.
The liquid products comprise an aqueous phase and an oil phase. The oil phase is generally
referred to as bio-oil. It is generally assumed that minerals present in biomass end up in the
aqueous phase of the biomass conversion products. Bio-oil is known to be unstable, which is
generally ascribed to high oxygen content of the bio oil. No attention is being given to the
possible role of minerals contamination of the bio-oil as a contributing factor to the instability of
bio-oil.

[0004] US patent 6,022,419 to Torget et al. discloses a multi-step process for acid hydrolysis
of lignocellulose. The first step, which is optional, is designed to solubilize the most easily
dissolved components, such as some lignin, extractives, and any protein. For this optional
step, a hot aqueous medium is used having a temperature in the range of from 100 to 160°C
and a pH in the range of from 1 to 5. The extractives are not separated from the biomass.

[0005] US patent 6,419,788 to Wingerson discloses a process for separating cellulose from
other constituents of the ligno-cellulosic biomass. The focus of the disclosed process is on the
removal of lignin. Extractives are removed together with lignin and residual hemicellulose. The
process aims at producing a relatively clean cellulose free of lignin.

[0006] US published patent application 2008/029233 to Wingerson discloses a countercurrent
process for separating cellulose fibers from other constituents of a lignocellulosic biomass. The
first wash liquids can include water, or a solution of water and a mineral acid for hemicellulose
hydrolysis.
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[0007] These prior art processes comprised removal of extractives in the context of producing
a substantially lignin free cellulose product. For the production of bio-oil it is desirable to leave
the lignin in the feedstock, as it contains an important portion of the energy presence in the
biomass. Lee et al. (Energy & Fuels 2005, 19, 2179-2184) discloses a fast pyrolysis system for
converting rice straw into bio-oil.

[0008] Thus, there is a particular need for a process aimed at minimizing the mineral content
of a bio-oil, and the bio-oil produced by such a process.

BRIEF SUMMARY OF THE INVENTION

[0009] The present invention addresses these problems by providing a process for converting
a biomass material comprising minerals to a stabilized bio-oil, said process comprising the
steps of (i) exposing said biomass material to a solvent under conditions that allow extraction
of at least part of said minerals from said biomass material; (i) converting at least part of the
biomass material to a pyrolytic oil having particles of metal compounds suspended therein; and
(i) removing at least part of the suspended metal compounds from said pyrolytic oil with a
liquid/solid separation technique to obtain a biol-oil having a reduced metal content.

[0010] In step (i), the biomass feedstock is subjected to a demineralization step prior to its
conversion to pyrolytic oil, so as to reduce the amount of suspended metal compounds
requiring subsequent removal.

DETAILED DESCRIPTION OF THE INVENTION

[0011] Biomass, in particular lignocellulosic biomass, is an abundant source of energy. There
is a need for converting biomass to liquid fuel that can be used in internal combustion engines.
The main routes for converting biomass to liquid fuel available today are fermentation to
ethanol, and pyrolysis. Fermentation has the disadvantage that the cellulose needs to be
separated from the lignin for it to be accessible to the cellulase enzymes. In addition, the
fermentation reaction itself is time consuming and requires large volumes of water, making the
process very expensive.

[0012] Pyrolysis produces gaseous, liquid, and solid reaction products. The liquid reaction
products comprise an aqueous phase and an oil phase. The oil phase is generally referred to
as bio-oil, and is known to have poor stability. This poor stability is generally ascribed to high
oxygen content of the bio oil. It has indeed been shown that reducing the oxygen content, for
example by hydrotreatment of the bio-oil, results in a significantly improved stability.

[0013] Any lignocellulosic biomass material comprises a certain amount of inorganic materials.
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These inorganic materials are generally referred to as "ash", because these materials are
found in the ashes of combusted biomass. Main constituents of the ash are generally sodium,
potassium, calcium, and silicon. Potassium generally is a major component of the ash. In fact,
the name "potassium" derives from the word potash, which is a 16th century Dutch word for
ash created by burning wood in a pot.

[0014] Many of the constituents of ash are known to have catalytic properties in the pyrolytic
conversion of biomass. The presence of these components tends 1o decrease the yield of
compensable hydrocarbons, and to increase the yield of char. It has been suggested to
remove ash from the biomass prior to pyrolysis, so as to improve the bio-oil yield.

[0015] It had been assumed that the ash, being inorganic in nature, would accumulate in the
aqueous phase of the liquid reaction products. It has now been discovered that significant
portions of ash present in the biomass during the pyrolysis reaction end up in the bio-oil. This
is presumably due to the fact that, during the pyrolysis reaction, ash minerals are
agglomerated into hydrophobic particles. Silicon may play a role, as it is known to cause fusion
of ashes under combustion conditions. It is assumed that the presence of silicon also
contributes to the formation of hydrophobic particles under the relatively low temperatures of
pyrolysis. It is further assumed that certain components of the bio-oil, such as polycarboxylic
acids, may chelate metal compounds present in the ash. The chelates may be soluble in the
bio-oil.

[0016] The presence of small particles of ash in the bio-oil contributes to the chemical
instability of the bio-oil, because these small particles act as catalysts. An important aspect of
the present invention is increasing the stability of bio-oil by removing suspended ash particles
from the bio oil.

[0017] In its general form, the present invention provides a process for converting a biomass
material comprising minerals to a stabilized bio-oil, said process comprising the steps of (i)
exposing said biomass material to a solvent under conditions that allow extraction of at least
part of said minerals from said biomass material; (ii) converting at least part of the biomass
material to a pyrolytic oil having particles of metal compounds suspended therein; and (iii)
removing at least part of the suspended metal compounds from said pyrolytic oil with a
liquid/solid separation technique to obtain a biol-oil having a reduced metal content.

[0018] It will be understood that the term "pyrolytic oil' used herein describes the material that
is generally in the art referred to as "bio-oil". The term pyrolytic oil is used to describe the
immediate product of the pyrolysis reaction, and to distinguish it from the bio-oil that is
obtained by the process of the invention after at least part of the suspended metal compounds
have been removed.

[0019] In a preferred embodiment, the step of converting at least part of the biomass material
to a pyrolytic oil is carried out by heating the biomass material in the presence of a catalyst.
The presence of a catalyst allows the reaction to be carried out at a lower temperature than
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would be possible otherwise, while still obtaining a high conversion yield. The use of a catalyst
may, however, contribute to the number of particles of metal compounds in the pyrolytic oil, as
catalyst material may be lost to attrition, and metal may be leached out of the catalyst by the
conversion products, which tend to be acidic.

[0020] In other words, the use of a catalyst may tend to increase the quality of the pyrolytic oil,
because the reaction can be carried out at a lower temperature. This effect is counter - acted
by the contribution of the catalyst to the presence of suspended particles of metal compounds
in the pyrolytic oil, which tend to contribute to the instability of the pyrolytic oil. The process of
the present invention is therefore in particular suitable for processes for conversion of biomass
that involve the use of catalytic materials.

[0021] It will be understood that the metal compounds present in the pyrolytic oil may originate
at least in part from the biomass material itself. In catalytic processes, the metal compounds
present in the pyrolytic oil may also originate at least in part from the catalyst.

[0022] The biomass material is subjected to a mineral removal step prior to the step of
converting at least part of the biomass to a pyrolytic oil. The mineral removal step increases
the control over the catalytic composition that is present during the conversion step, because
the contribution of indigenous materials present in the biomass to the overall catalytic
properties is minimized. Such a mineral removal step also reduces the amount of metal
compounds present in the pyrolytic oil that is produced by the conversion reaction, which
facilitates the subsequent removal step.

[0023] In general, the mineral removal step prior to the conversion step involves exposing the
biomass to a solvent under conditions that allow extraction of the minerals from the biomass
material, followed by separating the solvent from the biomass. The preferred solvent for use in
this mineral removal step is an aqueous solvent, because of its low cost, its safety profile, and
its high solubility for the minerals present in the biomass material. The solubility of the minerals
may be further increased by adding either an acid or a base to the aqueous solvent.

[0024] The mineral removal step may comprise soaking the biomass material in the aqueous
solvent, and removing the aqueous solvent by mechanical action, such as kneading or
pressing. The step could be repeated once or several times, so as to increase the overall
efficacy of pretreatment step.

[0025] The mineral removal step may be carried out at an increased temperature, in order to
increase the solubility of the minerals and to increase the rate of diffusion of the aqueous
solvent into and out of all of the biomass material. Suitable temperatures are in the range of 20
to 120°C, preferably from 60 to 120°C. Care should be taken, however, to avoid hydrolysis of
hemicellulose, in particular when acid is present in the aqueous solvent, as such hydrolysis
leads to a loss of biomass material.

[0026] The particle size of the suspended particles in the pyrolytic oil may vary considerably,
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as it is in large measure determined by factors that are not directly under the control of the
operator of the process, such as the origin of the biomass material, the amount of metals, such
as but not limited to silicon, present in the biomass material, and the like. In general, the
average particle size of the suspended particles may range from 1 nm to 100 ym, preferably
10 pm to 100 pm.

[0027] Any type of liquid/solid separation technique may be used for removing suspended
metal compounds from the pyrolytic oil. Examples of suitable techniques include centrifugation,
filtration (including pressure filtration), and extraction. Distillation, although very effective in
removing solids from a liquid, is normally not suitable, as it requires heating of the pyrolytic oil
which could result in undesirable side reactions, particularly in the presence of the suspended
metal compounds. However, vacuum distillation can be carried out at much reduced
temperatures and might be suitable as a separation technique.

[0028] The selection of the appropriate separation technique depends on the average particle
size of the suspended metal compound particles. Larger particles, for example in the range of
from 1 ym to 100 um, can be suitably removed by filtration or centrifugation. Small particles, in
the sub-micron range, may be removed by ultra filtration, centrifugation, or extraction.

[0029] Itis possible that metal present in the bio-oil is solubilized by components of the bio-oil.
For example, complex carboxylic acids present in the bio-oil can act as chelants. Chelated
metals are generally not removed by filtration or centrifugation, but can be removed by
extraction or (vacuum) distillation.
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Patentkrayv

1. Fremgangsmade til omdannelse af biomassemateriale, der omfatter mine-
raler, til en stabiliseret bioolie, hvilken fremgangsmade omfatter trinnene (i) at
udseette biomassematerialet for et oplasningsmiddel under betingelser, der
muligger ekstraktion af mindst en del af mineralerne fra biomassematerialet;
(i) at omdanne mindst en del af biomassematerialet til en pyrolytisk olie med
partikler af metalforbindelser suspenderet deri; og (iii) at fierne mindst en del
af de suspenderede metalforbindelser fra den pyrolytiske olie med en vee-
ske/faststof-separationsteknik til opnéelse af en bioolie med et reduceret me-
talindhold.

2. Fremgangsmade ifglge krav 1, hvor trin (ii) omfatter at opvarme biomas-
sematerialet, og/eller pyrolytiske biomassedampe frembragt af biomassema-
terialet i neerveer af en katalysator.

3. Fremgangsmade ifelge krav 2, hvor metalforbindelserne stammer mindst
delvist fra katalysatoren.

4. Fremgangsmade ifglge krav 1, hvor trin (i) omfatter at bringe biomassema-
terialet i kontakt med et vandigt oplgsningsmiddel eller en vandig oplgsning
ved en temperatur i omradet 20 til 120 °C.

5. Fremgangsméade ifglge krav 4, hvor det vandige oplgsningsmiddel eller
den vandige oplgsning omfatter enten en syre eller en base.

6. Fremgangsmade ifelge krav 4, hvor trin (i) omfatter at gennemveede bio-
massematerialet i det vandige oplgsningsmiddel og fjerne det vandige oplgs-
ningsmiddel fra biomassematerialet ved mekanisk pavirkning.

7. Fremgangsmade ifelge krav 1, hvor mindst en del af metalforbindelserne
er til stede i form af suspenderede partikler med en partikelstarrelse i omra-
det fra 1 nm til 100 pm.
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8. Fremgangsmade ifolge krav 7, hvor de suspenderede partikler har en
gennemsnitlig partikelstgrrelse fra 10 til 100 pum.

9. Fremgangsmade ifglge krav 1, hvor den pyrolytiske olie yderligere omfat-
ter metal, der er chelateret af en eller flere bestanddele af den pyrolytiske
olie.

10. Fremgangsmade ifalge krav 1, hvor trin (iii) omfatter centrifugering.

11. Fremgangsmade ifalge krav 1, hvor trin (iii) omfatter filtrering.

12. Fremgangsmade ifelge krav 1, hvor trin (iii) omfatter ekstraktion.

13. Fremgangsmade ifglge krav 1, hvor trin (iii) omfatter destillation under
reduceret tryk.
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