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(57) Tiivistelma - Sammandrag - Abstract

Esilld oleva keksinto liittyy nesteiden puhdistamisen alaan. Tasmallisesti keksinto liittyy menetelmaan liuenneiden epdpuhtauksien
poistamiseksi tai erottamiseksi uutosnesteesté ja menetelmdan hemiselluloosaa siséltdvan nesteen ja/tai ligniinia ja/tai muita ainesosia
sisdltdvan adsorbentin valmistamiseksi. Erityisesti keksinté koskee adsorbentin lignoselluloosamateriaalin kdyttdmistd liuenneiden
epéapuhtauksien poistamiseksi nesteesta.

The present invention relates to the fields of purification of liquids. Specifically, the invention relates to a method for removing or
separating dissolved contaminants from an extraction liquid and to a method for producing a liquid containing hemicellulose and/r an
adsorbent containing lignin and/or other components. In particular the invention concerns the use of an adsorbent lignocellulosic
material for removing dissolved contaminants from a liquid.
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EXTRACTED LIGNOCELLULOSIC MATERIAL AND USES THEREOF
FIELD OF THE INVENTION

The present invention relates to the fields of purification of liquids. Specifically, the
invention relates to a method for removing or separating dissolved contaminants from
an extraction liquid and to a method for producing a liquid containing hemicellulose
and/or an adsorbent containing lignin and/or other components. In particular the in-
vention concerns the use of an adsorbent lignocellulosic material for removing dis-
solved contaminants from a liquid.

BACKGROUND OF THE INVENTION

The pulp and paper industry is one of the heaviest users of water in the industrial
economy using even tens of cubic meter of water for every ton of product depending
on the product and process. Pulp and paper mills produce wastewater in volume
which must be treated before water can either be recycled for use in the mills or safely
discharged. Improving the recovery of contaminants stemming from pulp and paper
mill process and waste water is therefore imperative.

Wood biomass is mainly composed of carbohydrates, namely cellulose and hemicel-
lulose, and lignin. Lignin is of great interest for various material applications, such as
carbon fibres and phenolic-based chemicals. Cellulose has been utilized efficiently in
the production of e.g. paper, paperboard, card stock, inactive fillers in drug tablets
and thickeners or stabilizers in processed foods. Hemicelluloses can be used for re-
placing compounds originating from oil and thus in manufacturing of several products.

Pulping processes are used for separating cellulose from lignin, hemicellulose and
other components of lignocellulosic materials. The recovery of hemicelluloses from
wood is done by extraction, for instance with pressurised water. In the extraction also
other compounds than hemicelluloses are dissolved into the wood extraction liquid.
Thus, to enable the further use of hemicelluloses, they have to be separated, purified
and concentrated from the wood extraction liquid. This can be done with membrane
filtration. However, lignin and its derivatives and small organic compounds present as
impurities in the wood extract cause remarkable membrane fouling, which decreases
significantly the efficiency of membrane filtration step.

Hemicellulose fractions can be recovered from wood extract and purified for instance
with expensive oil-based, polymeric adsorbents or with activated carbon. Thus, a
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waste fraction containing lignin and adsorbents is produced and it is difficult to utilize
lignin from this fraction for further applications.

BRIEF DESCRIPTION OF THE INVENTION

It is an aim of the invention to overcome at least some of the above mentioned disad-
vantages, e.g. to reduce impurities of the wood extract, and to provide a method of
separating contaminants such as lignin and/or other components from a liquid such
as an extraction liquid of lignocellulosic material. In this way fractions (e.g. effluents)
containing an increased amount of components of interest, such as hemicelluloses,
are obtained.

The present invention is based on the concept of using extracted lignocellulosic ma-
terial as an adsorbent for the removal of impurities such as lignin from liquids. The
present invention thus provides a single method by combining production of adsor-
bents for separating contaminants and separation of contaminants.

An adsorbent which comprises a finely divided lignocellulosic material, which has
been subjected to extraction to remove dissolving hemicellulose components and op-
tionally smaller molar mass carbohydrates therefrom, is provided in the present in-
vention. In some embodiments, the lignocellulosic material is extracted with an aque-
ous solution, which may contain acidic or buffering components, to remove a signifi-
cant portion of the hemicelluloses and optionally other compounds contained therein.
The material thus obtained has surprisingly been found to efficiently remove contam-
inants, such as dispersed or dissolved contaminants, from liquids.

A liquid removed from the lignocellulosic material (for example a wood extraction lig-
uid containing lignin) is discharged through an adsorbent bed and thus lignin and/or
other compounds of the liquid are precipitated and/or bound on or within said adsor-
bent. In this way the liquid is purified from lignin and optionally other components.

The present invention utilizes cold adsorbent or lignocellulosic material subjected to
extraction for precipitating and bound lignin and/or other contaminants of a liquid
within an adsorbent. Temperature of an adsorbent is lower than the temperature of
an extraction vessel or a liquid, thus surprisingly enabling enhanced precipitation of
components such as lignin. Other cooling methods than contacting the liquid with the
adsorbent are not necessarily needed for said liquid.

Considerable advantages are obtained by the invention. The novel adsorbents have
excellent absorption and adsorption properties and they can be used for precipitating
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lignin and/or other components at a lowered temperature. Indeed, the lignocellulosic
material subjected to extraction purifies extraction liquor by removing lignin and/or
other wood extraction compounds. This increases the purity of target compounds
such as hemicelluloses.

Furthermore, the method of the present invention can be used as a preliminary puri-
fication step before conventional separation technologies. Indeed, the adsorbents can
be combined with other separation processes to achieve a pre-purification step. In a
particularly specific embodiment, the method of the present invention is combined
with conventional mechanical separation operations, such as membrane filtration.
The treatment improves the efficiency of membrane filtration which is used to purify
and concentrate hemicelluloses. Both the filtration capacity and purity of the final
product are improved. Pure liquids containing hemicellulose enable efficient further
processing of hemicelluloses e.g. by preventing membrane fouling during membrane
filtrations.

The intensified biorefinery process of the present invention enables the use of low-
cost wood-based adsorbents instead of the expensive oil-based polymeric adsor-
bents for removal of impurities such as lignin. The present adsorbent materials as well
as the liquid to be contacted with the adsorbent can be produced by a straightforward
method using inexpensive starting materials. In particular, the material and liquid are
produced from lignocellulosic raw-materials obtained as by-products in other pro-
cesses. In a specific embodiment the adsorbent and the liquid used in a method of
the present invention are obtained from the same starting lignocellulosic material.

In the adsorbent on which the lignin has been adsorbed the lignin:carbohydrate ratio
is higher than in virgin wood material. The adsorbent containing precipitated and/or
bound lignin has an increased heating value. Thus, the wood based adsorbent mate-
rial with precipitated lignin (i.e. the adsorbent contacted with a liquid containing lignin)
may be utilized for producing energy, e.g. manufacturing pellets.

In summary, the method of the present invention is an intensified method, which both
1) facilitates the recovery of a liquid comprising components such as hemicelluloses
as purified and concentrated fractions from wood extracts and 2) produces solid
wood-based material, which is excellent e.g. for manufacturing pellets for heating pur-
poses. The intensified process combines an extraction process and a further down-
stream purification process (adsorption) into one process where the residual lignocel-
lulosic material (such as saw dust from the previous extraction), which has been sub-
jected to extraction, is utilised as a purification material (adsorbent). The present
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invention utilizes all the wood material fed to a process and no waste fractions are
produced. Therefore, the present invention improves the total material yield.

In addition to other advantages the method of the present invention is very simple,
efficient, cost-effective and environmentally friendly.

The invention is defined by the features of the independent claims. Specific embodi-
ments are defined in the dependent claims.

The present invention relates to a method for separating dissolved contaminants (e.g.
a lignin component and/or other components) from an extraction liquid, wherein the
method comprises discharging an extraction liquid through an adsorbent which com-
prises a cooled finely divided lignocellulosic material, which has been subjected to
extraction to remove hemicellulose and/or other components therefrom, to precipitate
and/or bind lignin and/or other components with the adsorbent (e.g. on or within the
adsorbent).

Also, the present invention relates to a method for producing a liquid containing hem-
icellulose and/or other components and/or an adsorbent containing impurities (e.g.
lignin and/or other components), wherein the method comprises contacting a liquid
with an adsorbent which comprises a finely divided lignocellulosic material, which has
been subjected to extraction to remove hemicellulose and/or other components there-
from, to bind and/or precipitate impurities (e.g. lignin and/or other components) with
the adsorbent (e.g. on or within the adsorbent) and optionally recovering a modified
liquid contacted with the adsorbent, wherein said liquid cools when contacted with the
adsorbent.

Further features and advantages of specific embodiments will be discussed in more
detail in the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing UV absorbance values of various aqueous liquids having
various contaminants;

Figure 2 is a graph illustrating the effect of ratio of extracted sawdust and extraction
liquor on the removal of UV absorbing material, and

Figure 3 is a graph illustrating filtration capacity when extraction liquor (108) and ex-
traction liquor pretreated with extracted wood (109) is ultrafiltered to concentrate and
purify hemicelluloses.
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5
DETAILED DESCRIPTION OF THE INVENTION

In the present context, the term “lignocellulosic material” comprises plant dry matter
composed of carbohydrate polymers including cellulose and hemicellulose, and lig-
nin. “Lignocellulosic material” includes virgin lignocellulosic material such as wood
chips or saw dust from, for example, softwood, for example spruce, pine or larch, or
from hardwood, such as birch, poplar, aspen, alder, eucalyptus or mixed tropical hard-
wood, or mixtures thereof. “Lignocellulosic material’ also includes recycled lignocel-
lulosic materials as well as waste lignocellulosic material, such as by-products from
industry and agriculture such as corn stover, sugarcane, bagasse, cotton, straw efc.
and saw mill, pulp mill and paper mill discards.

The term “aqueous liquids” means liquids in which there is at least some water pre-
sent including for example, industrial effluents such as hot water extraction liquors,
extraction liquors from wood pulping mills, waste waters from pharmaceutical plants,
waste waters from oil refineries, as well as agricultural run-offs and waterways such
as canals and rivers, other bodies of water such as reservoirs, and natural or man-
made ponds or lakes.

The term “contaminants” comprises inorganic and organic compounds, typically dis-
solved in aqueous liquids. Similarly, “impurity” can be defined in the same way. “Com-
ponents” can be defined in the same way or may comprise contaminants.

Examples of “organic contaminants” include but are not limited to detergents, disin-
fection by-products found in chemically disinfected drinking water, such as chloro-
form, food processing waste, which can include oxygen-demanding substances, such
as fats and grease, insecticides and herbicides, comprised of for example, a huge
range of organohalides and other chemical compounds, petroleum hydrocarbons, in-
cluding fuels (gasoline, diesel fuel, jet fuels, and fuel oil) and lubricants (motor oil),
and fuel combustion by-products, from storm water runoff, volatile organic com-
pounds, such as industrial solvents, from improper storage, chlorinated solvents, for
example polychlorinated biphenyl (PCBs), and trichloroethylene, perchlorate, various
chemical compounds found in personal hygiene and cosmetic products, and pharma-
ceutical drugs and their metabolites as well as compounds dissolved from wood in
different treatments such as lignin and its derivatives and wood lipophilic and phenolic
extractives. “Organic components” can be defined in the same way or may comprise
organic contaminants.



20175293 PrH 23 -01- 2019

10

15

20

25

30

6

“Inorganic contaminants” include but are not limited to sulfur dioxide from industrial
discharges, ammonia from food processing waste, industrial by-products, nitrates and
phosphates from fertilizers, and heavy metals from e.g. acid mine drainage. “Inorganic
components” can be defined in the same way or may comprise inorganic contami-
nants.

“Organic compounds” includes but is not limited to compounds and substances com-
prising mixtures of compounds such as those found in industrial effluents including
for example phenolic compounds, resinous and fatty acids, nitrogenous compounds,
such as drug or pesticide residues or proteins, polymeric compounds and oils.

“Inorganic compounds” includes but is not limited to sulfur dioxide from industrial dis-
charges, ammonia from food processing waste, industrial by-products, nitrates and
phosphates from fertilizers, and heavy metals from e.g. acid mine drainage.

“Extraction Liquor” or “extraction liquid” is a solution into which organic substances
have been extracted from lignocellulosic material.

“Chips” includes wood chips, bark chips and nutshells. In particular, “chips” refers to
slate-like or plate-like particles.

“Saw dust” stands for finely divided wood material obtained from mechanical pro-
cessing of wood and bark for example by sawing and typically comprising irregularly
shaped particles or spherical or cubical particles. Commonly, the particles of saw dust
are smaller in size than “chips” and pass through sieves of Tyler Mesh 10 or greater,
in particular up to at least Tyler Mesh 80.

As used herein “membrane filtration” refers to a technique which is used to separate
particles from a liquid for the purpose of purifying it, in other words a solvent is passed
through a semi-permeable membrane. Membrane filtration techniques include nano-
filtration, ultrafiltration, microfiltration and reverse osmosis.

As used herein “precipitation” refers to a creation of a solid from a solution. Precipita-
tion utilized in the present invention is carried out by a decreased temperature either
alone or in combination with other methods such as lowering the pH or by adding
antisolvents.

As mentioned above, the present invention relates to a method of removing contam-
inants from a liquid, typically an aqueous liquid. The liquid is contacted with an adsor-
bent. By means of the invention, it has surprisingly been found that lignocellulosic
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material that has been subjected to extraction to remove hemicellulose components
is an excellent adsorbent. When contacted with a liquid the extracted lignocellulosic
material, which is finely divided, removes at least a portion of contaminants from lig-
uids by binding the contaminants to the adsorbent.

The liquids are typically aqueous although the present technology is suitable also for
treating non-aqueous liquids or anhydrous liquids. Thus, the “liquid” can be for exam-
ple be formed by an organic liquid, such as a polar or non-polar organic liquid. Such
liquids are typically selected from the group of aliphatic and aromatic alcohols ke-
tones, aldehydes, ethers, esters as well as various hydrocarbon liquids, which may
be halogenated.

Many industrial effluents are aqueous, and the present technology is particularly suit-
able for processing of such flows.

One embodiment of the present invention provides a method of removing contami-
nants from an aqueous liquid, wherein the aqueous liquid is contacted with an adsor-
bent which comprises a finely divided lignocellulosic material, which has been sub-
jected to extraction to remove hemicellulose components therefrom, to bind at least
a portion of the contaminants to the adsorbent, for example in the case of extraction
liquor the adsorbent binds and removes lignin from the liquor, thus providing a means
to recover target compounds such as further hemicelluloses, which are useful as raw
materials in the production of e.g. biopolymers, from the liquor.

In a very specific embodiment the methods and techniques provided by this invention
enable wood or herbaceous biomass to be utilized very efficiently in a single process,
wherein the lignocellulosic material can be separated into i) a liquid comprising lignin,
hemicellulose and optionally other components, and ii) a solid lignocellulosic material
subjected to extraction to remove hemicellulose and/or other components therefrom
(i.e. an adsorbent) for adsorbing lignin and/or other components from a liquid.

Lignocellulosic material may be extracted to remove one or more selected from the
group consisting of hemicellulose, lignin, wood lipophilic extractives and wood phe-
nolic extractives.

In an embodiment of the invention the liquid to be contacted with the adsorbent con-
tains hemicellulose, lignin, wood lipophilic extractives, wood phenolic extractives, oli-
gosaccharides and/or monosaccharides or any combination thereof. In a specific em-
bodiment of the invention the modified liquid, i.e. the liquid contacted with the adsor-
bent, contains dissolved hemicelluloses. The principal hemicellulose in softwood is
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galactoglucomannan, which accounts for approx. 20% of the dry material. Xylan is
the main hemicellulose in hardwood and varies in content within the limits of 15-30%
of the dry wood.

In an embodiment the contaminants are selected from dissolved inorganic and or-
ganic compound and mixtures thereof.

In one embodiment the adsorbent is obtained by extracting lignocellulosic material
with an aqueous solution, optionally containing an alkaline, acidic or buffering com-
ponent, to remove a significant portion of the hemicelluloses and/or other components
contained therein. The pH of the aqueous solution is typically less than or equal to
5.0, preferably less than or equal to 4.6, suitably in the range of 2.8 to 4.2, most pref-
erably in the range of 3.0 to 4.0. High molar mass hemicelluloses are easier to sepa-
rate from extraction liquor by ultrafiltration than hemicelluloses of lower molar mass.
Removal of a significant portion of the hemicellulose and/or other components con-
tained therein from the lignocellulosic material provides an extracted lignocellulosic
material.

In an embodiment the lignocellulosic material used as an adsorbent has a hemicellu-
lose content which is at least 10 wt-%, preferably at least 20 wt- %, in particular 30 to
95 wt-%, smaller than that of the lignocellulosic material before extraction. Removal
of greater amounts of hemicellulose from the lignocellulosic material increases the
adsorptive properties of the adsorbent.

In a further embodiment the finely divided lignocellulosic material used as adsorbent
has a lignin and/or other component content which is at least 60 wt %, preferably 70
wt-%, suitably 80 wt-% of the lignin and/or other component content of the lignocellu-
losic material before extraction. A high lignin content is desirable as lignin has a great
affinity for adsorbing both inorganic contaminants, such as heavy metals, and organic
contaminants, such as polymeric compounds and oils.

The adsorbent can be obtained by various means and methods. In one embodiment
the adsorbent is obtained by subjecting the lignocellulosic material to hot water ex-
traction, said hot water extraction preferably being carried out at temperature in ex-
cess of 100 °C, for example about 110 to 250 °C, in particular 120 to 200 °C, such as
145 to 200 °C. The treatment time depends on temperature. Typically the duration is
5 min to 7 days, for example 10 min to 2 days for example 15 min to 720 min. Higher
temperatures and longer extraction times lead to higher extraction yields, i.e. a greater
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amount of the hemicelluloses is extracted as temperature and time of extraction in-
crease.

In one embodiment the lignocellulosic material is recovered after extraction and used
as an adsorbent for binding and/or precipitating dissolved compounds such as lignin
from the aqueous liquid essentially without any intermittent washing of the lignocellu-
losic material. This provides an economically and environmentally sound way of bind-
ing the crudest compounds from the aqueous liquids.

In a further embodiment the lignocellulosic material is recovered after extraction and
washed, and is used as an adsorbent for binding and/or precipitating dissolved com-
pounds such as lignin from the aqueous liquid. After washing, the adsorbent has a
greater available surface and a larger number of functional groups available for the
binding of dissolved compounds from the aqueous liquid.

In a still further embodiment the lignocellulosic material recovered after extraction is
dried before use as an adsorbent for binding and/or precipitating dissolved com-
pounds such as lignin and/or other components from the aqueous liquid. Drying the
adsorbent increases the adsorption of dissolved compounds from the aqueous liquid.

In an embodiment, the lignocellulosic material is used as an adsorbent at conditions
which are different from those employed during the extraction of the hemicelluloses.

In one embodiment the method further comprises cooling the adsorbent or lignocel-
lulosic material subjected to extraction before contacting the adsorbent with the liquid.
As an example the adsorbent or lignocellulosic material subjected to extraction is
cooled by a freezer. In one specific embodiment the adsorbent or lignocellulosic ma-
terial subjected to extraction has a lower temperature than the liquid, e.g. the temper-
ature of the adsorbent or lignocellulosic material subjected to extraction is 0°C or more
than 0°C when contacted with the liquid. In a very specific embodiment the tempera-
ture of the adsorbent or lignocellulosic material subjected to extraction is less than
0°C when contacted with the liquid. The present invention may utilize a cold or frozen
adsorbent to cool down the liquid and in a specific embodiment other cooling methods
are not needed. The present invention thus enables reduction of method steps as well
as energy consumption e.g. when compared to a method comprising cooling of the
liquid with a cooling coll.

When a warm or hot liquid is contacted with a cold adsorbent, the temperature of the
liquid decreases and the temperature of the adsorbent increases. In a specific em-
bodiment of the invention the temperature of the liquid to be contacted with the
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adsorbent is the same or lower than the extraction temperature, e.g. the temperature
of the liquid may be selected from 80-200 °C or 100-150 °C, such as 80 °C, 290 °C,
100 °C, 110 °C, 120 °C, 130 °C, 140 °C, 150 °C, 160 °C, 170 °C, 180 °C, 190 °C or
200°C. In a specific embodiment of the invention the temperature of the liquid to be
contacted with the adsorbent is selected from the group consisting of 80-200 °C or
100-150 °C and the temperature of the adsorbent or lignocellulosic material subjected
to extraction is less than 0°C.

In a very specific embodiment the lignocellulosic material is subjected to extraction in
an extraction chamber and the resulting extraction liquid is conducted from the ex-
traction chamber to the adsorbent. When the liquid passes through the cold adsorbent
it cools down. In other words the cold adsorbent cools the liquid thereby facilitating
the precipitation of contaminants and in addition the adsorption of the contaminants.
Therefore the liquid contacted with the adsorbent is highly purified.

In a very specific embodiment the lignocellulosic material subjected to a first extrac-
tion is cooled and used for separating a lignin component and/or other components
of an extraction liquid obtained from a second extraction. Furthermore, the lignocellu-
losic material subjected to a second extraction is cooled and used for separating a
lignin component and/or other components of an extraction liquid obtained from a
third extraction and so on. Thus the method of the present invention may be utilized
several times in a single continuous or batch process, comprising several extractions
and puirifications of extraction liquids. In other embodiments the adsorbent may be
used for purifying e.g. a liquid from any kind of extraction method (e.g. not sequential
to an extraction of lignocellulosic material to obtain an adsorbent) or for purifying a
liquid extracted from another lignocellulosic material than used for obtaining an ad-
sorbent.

It is in some cases desirable that the extracted lignocellulosic material is functional-
ised. Such functionality is useful to vary the adsorbability of the material. In one em-
bodiment the extracted lignocellulosic material is treated with a chemical agent se-
lected from the group of alkaline compounds, acidic compounds and solvents and
combinations thereof to modify its adsorption properties, before use. Treatment of the
extracted lignocellulosic material with a chemical agent allows diverse functionalities
to be introduced to the lignocellulosic material by chemical reaction.

In one embodiment, the method of the invention is free of synthetic polymeric adsor-
bents.
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The lignocellulosic material to be extracted comes from various sources of biomass
ranging from annual and perennial plants, for example grasses such as bamboo, to
wood or nutshells. In an embodiment the lignocellulosic material comprises wood,
such as softwood, for example spruce, pine or larch, hardwood, such as birch, poplar,
aspen, alder, eucalyptus, oak or mixed tropical hardwood, or mixtures thereof. In one
embodiment the lignocellulosic material to be extracted comprises bark of the said
wood(s). In another embodiment the lignocellulosic material to be extracted com-
prises nutshells.

The lignocellulosic material is finely divided. In an embodiment the lignocellulosic ma-
terial comprises sawdust. The sawdust can comprise wood sawdust or bark sawdust
or a combination thereof. In a still further embodiment the lignocellulosic material to
be extracted comprises chips. The chips can be either chips of wood, chips of bark or
nutshells, or a combination thereof. The diversity of sources of lignocellulosic materi-
als allows embodiments of the invention to be carried out anywhere where there is a
source of lignocellulosic material without incurring heavy transportation costs.

The particle sizes of the lignocellulosic material can vary. In an embodiment the ad-
sorbent comprises lignocellulosic material having a dse particle size of 0.05 mm to 6.0
mm, preferably 0.1 to 5.0 mm, suitably 0.2 to 3 mm.

In another embodiment, the adsorbent comprises finely divided lignocellulosic mate-
rial having particles which pass sieves of Tyler Mesh 10 to 80.

The adsorbability of the adsorbent is directly proportional to the dse particle size of the
lignocellulosic material.

The liquid is contacted with the adsorbent to remove dissolved inorganic or organic
compounds from the liquid. In an embodiment the liquid is contacted with the adsor-
bent at a ratio between the lignocellulosic material and the liquid amounting to from
0.01:1 to 0.25:1 by mass, preferably at least 0.04:1 by mass, suitably about 0.2:1 by
mass. The ratio is adjusted dependent on the amount of contaminants in the liquid.

In further embodiments the liquid can be contacted with a synthetic adsorbent mate-
rial, simultaneous with the lignocellulosic adsorbent material, or before contacting the
liquid with the lignocellulosic material, or after contacting the liquid with the lignocel-
lulosic material. In an embodiment, the adsorbent material is a mixture of both ligno-
cellulosic material and a synthetic adsorbent material. In one embodiment the adsor-
bent further comprises a synthetic adsorbent material, preferably selected from the
group consisting of aromatic type adsorbents, modified aromatic type adsorbents,
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methacrylic adsorbents and mixtures thereof. The synthetic adsorbent can be se-
lected to be specific for a particular type of contaminant removing it from the aqueous
liquid. This allows for the removal of contaminants that are, e.g. particularly difficult to
wash from the lignocellulosic adsorbent.

The adsorbent material is suitable to be used several times. In an embodiment ad-
sorbent material onto which at least a portion of the contaminants from the liquid have
been adsorbed is recovered and reused as an adsorbent material. The recycling and
reuse of the adsorbent material is both environmentally and economically advanta-
geous.

In a further embodiment the recovered adsorbent material is dried, washed, and dried,
before reuse as an adsorbent material. In one embodiment the adsorbent material is
washed with a washing agent selected from the acids and bases. Thus, the washing
agent may contain for example a weak or strong inorganic or organic acid, such as a
mineral acid or a carboxylic acid, or a base, for example as a weak or strong inorganic
base, such as an alkali metal hydroxide or carbonate, ammonium hydroxide or an
organic amine. Washing with an acid washing agent allows for the selective removal
of contaminants that are soluble in acid from the adsorbent material. Washing with a
basic washing agent then provides the removal of contaminants that are soluble in
basic washing agents from the adsorbent, to provide a washed adsorbent material
that is essentially free from adsorbed contaminants. Washing with an acid can be
carried out before or after washing with a base.

As described above, the adsorbent is useful for removal of contaminants from liquids.
In some embodiments the contaminants are organic compounds. In one embodiment
the liquid contains organic compounds selected from the group of phenolic com-
pounds, such as lignin, resinous and fatty acids, nitrogenous compounds, such as
drug or pesticide residues or proteins, polymeric compounds and oils and combina-
tions thereof.

The adsorbent can be arranged for contact with the liquid in various ways. In an em-
bodiment the adsorbent is arranged in an adsorption zone, and the liquid is conducted
through that zone and intimately contacted with the adsorbent in the zone. This pro-
vides a constant flow of a modified liquid.

In a further embodiment the adsorption zone comprises a filtration bed formed by the
adsorbent.
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In one embodiment the adsorbent is mixed with the aqueous liquid to form a slurry in
which the contaminants of the aqueous liquid are contacted with the adsorbent and
bonded to the adsorbent.

The method results in the provision of a modified liquid. In an embodiment a modified
liquid which has a reduced content of contaminants (such as lignin and/or other com-
ponents) is recovered as an effluent of the adsorption zone.

In one embodiment the aqueous phase of the slurry is separated from the dispersed
material and recovered as a modified liquid with a reduced content of contaminants.
In a further embodiment the portion of contaminants adsorbed onto the adsorbent
material is at least 20 %, in particular at least 30 %, preferably at least 50 %, by weight
of the amount of contaminants present in the liquid.

In one embodiment the lignin:carbohydrate ratio of the adsorbent material onto which
at least a portion of the lignin from the liquid has been precipitated and/or bound is
higher than in the adsorbent material before precipitation. Indeed, a heating value of
the adsorbent contacted with a liquid and thus comprising adsorbed and precipitated
lignin is higher than a heating value of untreated wood material or higher than a heat-
ing value of the extracted wood biomass before adsorption and precipitation.

In a still further embodiment the modified liquid is re-contacted with an adsorbent ma-
terial, for example by recycling.

As described above the liquid is typically aqueous. Such an aqueous liquid can be
obtained from a number of sources. In an embodiment the aqueous liquid is selected
from the group consisting of hot water extraction extracts, process liquors from wood
pulping mills (e.g. black liquor), waste waters, waste waters from pharmaceutical
plants, waste waters from oil refineries, and agricultural run-offs. The aqueous liquid
can even be drinking water from a water main. In a specific embodiment the liquid is
obtained by extracting lignocellulosic material for example by hot water extraction.

In one embodiment the liquid, in particular aqueous liquid, contains dissolved hemi-
celluloses. Hemicelluloses are very desirable and useful as raw materials in the pro-
duction of e.g. biopolymers. In a further embodiment the aqueous liquid contains dis-
solved hemicelluloses and lignin compounds or fragments, and at least a part, spe-
cifically at least a majority of the lignin compounds or fragments are adsorbed to the
adsorbent to provide a modified aqueous liquid. In an embodiment the modified aque-
ous liquid obtained by adsorption of the lignin (i.e. lignin compounds or fragments) is
conducted to a molecular or membrane filtration step for recovering hemicelluloses.
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In one embodiment the liquid contains hemicellulose and/or other organic compounds
selected from the group of phenolic compounds, such as lignin, heterogenous poly-
saccharides, resinous and fatty acids, nitrogenous compounds, such as proteins, pol-
ymeric compounds and oils and combinations thereof, and/or inorganic compounds,
or any combination thereof.

As mentioned above hemicelluloses are very desirable and useful as raw materials.
In an embodiment at least a portion of the recovered hemicelluloses is directed to
further processing for use in industry, e.g. as a substrate in the production of speciality
chemicals such as sugars and alcohols. In a further embodiment at least a portion of
the recovered hemicelluloses is refined for use e.g. as packing and packaging mate-
rial.

As mentioned above adsorption and/or precipitation of lignin compounds or fragments
on an adsorbent is very desirable. In a specific embodiment the adsorbent material
onto which at least a portion of the lignin from the liquid has been precipitated and/or
bound is directed to further processing for use in producing pellets or briquets. In
another specific embodiment the adsorbent material onto which at least a portion of
the lignin from the liquid has been precipitated and/or bound is used for energy pro-
duction. As used herein “energy production” refers to e.g. production of heat by burn-
ing said adsorbent material, pellets or briquets.

It is to be understood that the embodiments of the invention disclosed are not limited
to the particular structures, process steps, or materials disclosed herein, but are ex-
tended to equivalents thereof as would be recognized by those ordinarily skilled in the
relevant arts. It should also be understood that terminology employed herein is used
for the purpose of describing particular embodiments only and is not intended to be
limiting.

While the forgoing examples are illustrative of the principles of the present invention
in one or more particular applications, it will be apparent to those of ordinary skill in
the art that numerous modifications in form, usage and details of implementation can
be made without the exercise of inventive faculty, and without departing from the prin-
ciples and concepts of the invention. Accordingly, it is not intended that the invention
be limited, except as by the claims set forth below.

The following non-limiting example illustrates the invention:
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EXAMPLES
Adsorbent

Saw dust of soft wood was extracted in batch mode cooking vessel for 90 minutes at
160 °C. The extraction liquor contained hemicelluloses and impurities such as lignin.
The residual saw dust was separated from extraction liquor and used to purify the
extraction liquor from impurities.

Wood materials after extraction of dissolving compounds (mainly hemicelluloses and
smaller molar mass carbohydrates) have proved to have excellent absorption prop-
erties.

Figure 1 illustrates the effect of extracted sawdust on the UV absorbances of aqueous
liquids having various contaminants. The UV absorbance of the extraction liquor
(104), of water after treatment with extracted sawdust (101), and of extraction liquor
after treatment with extracted sawdust (103) is shown. The UV absorbance due to
dissolution of contaminants from sawdust is subtracted from the UV absorbances of
the extraction liquor after treatment with extracted sawdust (102).

The wood material after extraction purifies extraction liquor by removing lignin com-
pounds as will appear from Figure 1. More than 50% of lignin (UV absorbing material)
was removed from the extraction liquor without significant change in the hemicellulose
content when dried material was used.

Figure 2 illustrates the effect of ratio of extracted sawdust and extraction liquor on the
removal of UV absorbing material. Data was measured at five different ratios: 0 g
extracted sawdust to 1 g of extraction liquor, 0.01:1, 0.04:1, 0.1:1 and 0.2:1. The sub-
stantial differences in UV absorbance values measured at 278 (106), 208 (107) and
228 nm (105) can be observed.

As will appear, the efficiency was somewhat lower than above in Figure 1, but clearly
seen also for wet materials. Approximately 30 % of UV absorbing materials was re-
moved with wet wood material. Original saw dust had only a minor effect on the UV
absorbing compounds. Adsorption experiments followed by filtration to remove saw
dust from extraction liquor lead to about 15% decrease in UV absorbance.

Table 1 shows the effect of saw dust on the reduction of UV absorbance.

Table 1. Effect of used saw dust, and used and washed saw dust on the reduction of
UV-absorbances of the extraction liquor.
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Ratio 0.1 UV 278 nm | UV 208 nm | UV 228 nm
Dried saw dust 357 % 522 % 48.2 %
Used and dried 22.4 % 33.0% 30.0 %
Used, washed and | 38.1 % 453 % 43.8 %
dried, 20 °C

Used, washed and | 33.2 % 43.2 % 41.1%
dried, 60 °C

As Table 1 indicates, the sawdust can be used again to purify the extraction liquor.
The removal efficiency decreased slightly but was still about 30 %. If the saw dust
was washed with water between the treatment steps, the removal efficiency was sim-
ilar to when original dried saw dust was used.

The removal of UV-absorbing compounds improves the further fractionation and con-
centration of hemicelluloses by membrane filtration. More than five times increase in
filtration capacity was achieved, as can be seen from Figure 3.

Based on the retention in the membrane filtration the residual saw dust removes pref-
erably high molar mass impurities such as lignin. These compounds are concentrated
with hemicelluloses and therefore the pretreatment before membrane filtration did not
only increase the capacity in membrane filtration but also improves the purity of final
product i.e. concentrate after membrane filtration.

Specific method utilizing the adsorbent

Spruce saw dust was extracted in a batch mode cooking vessel at 160 °C for 2 hours.
The extraction liquor contained hemicellulose and impurities such as lignin. The re-
sidual saw dust was separated from extraction liquor and used to purify the extraction
liquor from impuirities.

After extraction the extract was cooled by discharging the extract from the extraction
vessel through a cooling coil or through a residual saw dust bed. The residual saw
dust is a saw dust that was already used in the similar extraction (the residual saw
dust and the extract are obtained either by sequential extractions of a process, or the
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extract and the residual saw dust are obtained from different or separate extraction
methods). The residual saw dust was cooled down in a freezer before it was used as
a cooling material for the extract.

Effects of the extracted saw dust on the extract were studied by UV absorbances.
Table 2 shows the UV absorbance values, colour and Brix-values of the extract after
it was cooled in a cooling coil or in a residual saw dust bed. About 50% reduction of
UV absorbances was observed when the extract was cooled in a residual saw dust
bed. Almost 60% of colour was also removed. Reduction of UV absorbances and
removal of colour revel that the extract liquid contacted with the extracted saw dust
contains less impurities than the extract cooled by a cooling coil. Brix-values remain
the same which reveals that significant loss of the main component in the extract (i.e.
hemicellulose) did not occur. The results show that the process is efficient in purifica-
tion of extract without significant loss of the product (hemicellulose).

Table 2 shows the UV absorbance values, colour and Brix-values of the extract.

UV absorbance Colour | Brix
Extraction conditions: 208 | 228 278 %
160 °C, 120 min nm | nm nm

Extract (cooled with cooling | 12.8 | 13.3 271 6300 4
coil)
Extract (cooled in cold residual | 6.3 | 6.9 15.4 2600 4
saw dust bed)
Reduction 51% | 48% 43% 59% 0%

Cooling of the extraction liquor in the cold residual saw dust bed improved the filtera-
bility of the extract significantly. Without cooling in the saw dust the permeate flux in
the membrane filtration (4 kDa, UHO04P membrane from Nadir-Microdyn) was zero
and after treatment the permeate flux was about 20 kg/(m2h) at a pressure of 4 bar
and a temperature of 65 °C).
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Claims

1. A method for separating dissolved contaminants from an extraction liquid,
wherein the method comprises

discharging an extraction liquid through an adsorbent which comprises a cooled finely
divided lignocellulosic material, which has been subjected to extraction to remove
hemicellulose and/or other components therefrom, to precipitate or bind lignin and/or
other components with the adsorbent,

wherein said extraction liquid cools when contacted with the adsorbent.

2. The method according to claim 1, wherein the method further comprises recov-
ering a modified extraction liquid contacted with the adsorbent.

3. A method for producing a liquid containing hemicellulose and/or an adsorbent
containing lignin and/or other components, wherein the method comprises

contacting a liquid with an adsorbent which comprises a finely divided lignocellulosic
material, which has been subjected to extraction to remove hemicellulose and/or other
components therefrom, to precipitate or bind lignin and/or other components with the
adsorbent and optionally recovering a modified liquid contacted with the adsorbent,

wherein said liquid cools when contacted with the adsorbent.

4.  The method according to any one of claims 1-3, wherein the method further
comprises cooling the adsorbent or lignocellulosic material subjected to extraction
before contacting the adsorbent with the liquid.

5. The method according to any one of claims 1, 2 and 4, wherein the adsorbent
or lignocellulosic material subjected to extraction is cooled by a freezer.

6. The method according to any of the preceding claims, wherein the adsorbent or
lignocellulosic material subjected to extraction has a lower temperature than the lig-
uid.

7.  The method according to any of the preceding claims, wherein the temperature
of the adsorbent or lignocellulosic material subjected to extraction is less than 0°C
when contacted with the liquid.
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8. The method according to any of the preceding claims, wherein the temperature
of the liquid to be contacted with the adsorbent is selected from the group consisting
of 80 — 200 °C.

9. The method according to any of the preceding claims, wherein the lignocellulosic
material subjected to a first extraction is cooled and used for separating a lignin com-
ponent and/or other components of an extraction liquid obtained from a second ex-
traction.

10. The method according to any of the preceding claims, wherein the adsorbent is
obtained by extracting lignocellulosic material with an aqueous solution, optionally
containing an alkaline, acidic or buffering component, to remove a significant portion
of the hemicelluloses and/or other compounds contained therein.

11.  The method according to any of the preceding claims, wherein the lignocellulo-
sic material has a hemicellulose content which is at least 10 wt-%, preferably at least
20 wt- %, in particular 30 to 95 wt-%, smaller than that of the lignocellulosic material
before extraction.

12. The method according to any of the preceding claims, wherein the finely divided
lignocellulosic material has a lignin content which is at least 60 wt-%, preferably 70
wt-%, suitably 80 wt-% of the lignin content of the lignocellulosic material before ex-
traction.

13. The method according to any of the preceding claims, wherein the adsorbent is
obtained by subjecting the lignocellulosic material to hot water extraction, said hot
water extraction preferably being carried out at temperature in excess of 100 °C and
up to 250 °C, in particular at about 110 to 200 °C, preferably for a time period of 10
min to 7 days.

14. The method according to any of the preceding claims, wherein the lignocellulosic
material is recovered after extraction and used as an adsorbent for precipitating lignin
and/or other components from the liquid essentially without any intermittent washing
of the lignocellulosic material.

15. The method according to any of claims 1 to 13, wherein the lignocellulosic mate-
rial is recovered after extraction, washed, and used as an adsorbent for precipitating
lignin and/or other components from the liquid.
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16. The method according to any of the preceding claims, wherein the lignocellulosic
material recovered after extraction is dried before use as an adsorbent for precipitat-
ing lignin and/or other components from the liquid.

17. The method according to any of the preceding claims, wherein, before use, the
extracted lignocellulosic material is treated with a chemical agent selected from the
group of alkaline compounds, acidic compounds and solvents and combinations
thereof to modify its adsorption properties.

18. The method of any one of the previous claims, wherein the method or the ex-
tracted lignocellulosic material is free of synthetic polymeric adsorbents.

19. The method according to any of the preceding claims, wherein the lignocellulosic
material comprises wood, such as softwood, for example spruce, pine or larch, hard-
woo0d, such as birch, poplar, aspen, alder, eucalyptus or mixed tropical hardwood, or
mixtures thereof.

20. The method according to any of the preceding claims, wherein the adsorbent
comprises lignocellulosic material having a dsg particle size of 0.05 mm to 6.0 mm,
preferably 0.1 to 5.0 mm, suitably 0.2 to 3 mm.

21. The method according to any of the preceding claims, wherein the liquid is con-
tacted with the adsorbent at a ratio between the lignocellulosic material and the liquid
amounting to from 0.01:1 to 0.25:1 by mass, preferably at least 0.04:1 by mass, suit-
ably about 0.2:1 by mass.

22. The method according to any of the preceding claims, wherein the adsorbent
further comprises a synthetic adsorbent material, preferably selected from the group
consisting of aromatic type adsorbents, modified aromatic type adsorbents, meth-
acrylic adsorbents and mixtures thereof.

23. The method according to any of the preceding claims, wherein adsorbent material
onto or within which at least a portion of the lignin and/or other components from the
liquid have been precipitated or bound is recovered and reused as an adsorbent ma-
terial.

24. The method according to claim 23, wherein the recovered adsorbent material is
dried, washed and dried before reuse as an adsorbent material.
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25. The method according to any of the preceding claims, wherein the portion of
lignin and/or other components precipitated or bound with the adsorbent material is
at least 20 %, in particular at least 30 % or 40 %, specifically at least 50 %, 60 %, 70
%, 80 % or 90 %, by weight of the amount of lignin and/or other components present
in the liquid, respectively.

26. The method according to any of the preceding claims, wherein lignin:carbohydrate
ratio of the adsorbent material onto which at least a portion of the lignin from the liquid
has been precipitated or bound is higher than in the adsorbent material before pre-
cipitation.

27. The method according to any of the preceding claims, wherein the liquid contains
hemicellulose and/or other organic compounds selected from the group of phenolic
compounds, such as lignin, heterogenous polysaccharides, resinous and fatty acids,
nitrogenous compounds, such as proteins, polymeric compounds and oils and com-
binations thereof, and/or inorganic compounds.

28. The method according to any of the preceding claims, wherein the liquid is aque-
ous.

29. The method of any one of the previous claims, wherein the liquid is obtained by
extracting lignocellulosic material for example by hot water extraction.

30. The method according to any of the preceding claims, wherein the adsorbent is
arranged in an adsorption zone, and the liquid is conducted through that zone and
intimately contacted with the adsorbent in the zone.

31. The method according to claim 30, wherein the adsorption zone comprises a
filtration bed formed by the adsorbent.

32. The method according to any of the preceding claims, wherein a modified liquid
which has a reduced content of lignin and/or other components is recovered as an
effluent of the adsorption zone.

33. The method according to any of claims 3-29, wherein the adsorbent is mixed with
liquid, in particular the aqueous liquid, to form a slurry in which the lignin and/or other
components of the liquid are contacted with the adsorbent and precipitated or bonded
to the adsorbent.
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34. The method according to claim 33, wherein the liquid phase of the slurry is sep-
arated from the dispersed material and recovered as a modified liquid with a reduced
content of contaminants.

35. The method according to any of claims 2 to 34, wherein the modified liquid is re-
contacted with an adsorbent material, for example by recycling.

36. The method according to any of the preceding claims, wherein the liquid is se-
lected from the group consisting of hot water extraction extracts, process liquors such
as black liquor from wood pulping mills, waste waters, waste waters from pharmaceu-
tical plants, waste waters from oil refineries, and agricultural run-offs.

37. The method according to any of the preceding claims, wherein the modified liquid
obtained by precipitation of the lignin and/or other components is conducted to a mo-
lecular or membrane filtration step for recovering hemicelluloses.

38. The method according to any of claims 27 - 37, wherein at least a portion of the
recovered hemicelluloses is directed to further processing for use in industry, e.g. as
a substrate in the production of speciality chemicals such as sugars and alcohols.

39. The method according to any of claims 27 - 37, wherein at least a portion of the
recovered hemicelluloses is refined for use e.g. as packing and packaging material.

40. The method according to any of the preceding claims, wherein the adsorbent ma-
terial onto which at least a portion of the lignin from the liquid has been precipitated
or bound is directed to further processing for use in producing pellets or briquets.

41. The method according to any of the preceding claims, wherein the adsorbent ma-
terial onto which at least a portion of the lignin from the liquid has been precipitated
or bound is used for energy production.
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Patenttivaatimukset

1. Menetelma liuenneiden ep@puhtauksien erottamiseksi uutosnesteesta, jolloin
menetelma sisaltaa

uutosnesteen laskemisen adsorbentin 1api, joka mainittu adsorbentti siséltaa jaahty-
nytta hienojakoista lignoselluloosamateriaalia, jolle on suoritettu uutto hemiselluloo-
san ja/tai muiden ainesosien poistamiseksi siitd, ligniinin ja/tai muiden ainesosien sa-
ostamiseksi tai sitomiseksi adsorbentilla,

jolloin mainittu uutosneste jaahtyy, kun se saatetaan kosketuksiin adsorbentin
kanssa.

2. Patenttivaatimuksen 1 mukainen menetelma, jolloin menetelma siséltaa edel-
leen adsorbentin kanssa kosketuksissa olleen modifioidun uutosnesteen ottamisen
talteen.

3. Menetelmé nesteen, joka sisaltaa hemiselluloosaa, ja/tai adsorbentin, joka si-
saltaa ligniinid ja/tai muita ainesosia, valmistamiseksi, jolloin menetelma sisaltaa

nesteen saattamisen kosketuksiin adsorbentin kanssa, joka adsorbentti sisdltaa hie-
nojakoista lignoselluloosamateriaalia, jolle on tehty uutto hemiselluloosan ja/tai mui-
den ainesosien poistamiseksi siitd, ligniinin ja/tai muiden ainesosien saostamiseksi
tai sitomiseksi adsorbentilla ja valinnaisesti adsorbentin kanssa kosketuksiin saatetun
modifioidun nesteen ottamisen talteen,

jolloin mainittu neste jaahtyy, kun se saatetaan kosketuksiin adsorbentin kanssa.

4.  Jonkin patenttivaatimuksista 1-3 mukainen menetelma, jolloin menetelma sisal-
taa edelleen adsorbentin tai lignoselluloosamateriaalin, jolle on suoritettu uutto, jadh-
dyttamisen ennen adsorbentin saattamista kosketukseen nesteen kanssa.

5. Jonkin patenttivaatimuksista 1, 2 ja 4 mukainen menetelmd, jossa adsorbentti
tai lignoselluloosamateriaali, jolle on suoritettu uutto, jadhdytetddn jaadytyslaitteella.

6. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa adsor-
bentin tai lignoselluloosamateriaalin, jolle on suoritettu uutto, lampdtila on matalampi
kuin nesteen.
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7. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa adsor-
bentin tai lignoselluloosamateriaalin, jolle on suoritettu uutto, Iampétila on alle 0°C
niiden joutuessa kosketukseen nesteen kanssa.

8. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa nes-
teen, jonka on tarkoitus joutua kosketukseen adsorbentin kanssa, lampdtila on valittu
ryhmasta joka koostuu 80 — 200 °C.

9. Jonkin edella olevista patenttivaatimuksista mukainen menetelma, jossa ligno-
selluloosamateriaali, jolle suoritetaan ensimmainen uutto, jadhdytetaan ja sita kayte-
tdan ligniiniainesosan ja/tai muiden ainesosien erottamiseksi toisesta uutosta saa-
dusta uuttonesteesta.

10. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa adsor-
bentti saadaan aikaan uuttamalla lignoselluloosamateriaalia vesipitoisella liuoksella,
joka sisaltaa valinnaisesti eméksisen, happo- tai puskurikomponentin merkittavan
osan hemiselluloosasta ja/tai muista siina olevista yhdisteista poistamiseksi.

11. Jonkin edella olevista patenttivaatimuksista mukainen menetelma, jossa ligno-
selluloosamateriaalin hemiselluloosapitoisuus on ainakin 10 paino-%, edullisesti ai-
nakin 20 paino-%, tasmallisesti 30-95 paino-% pienempi kuin lignoselluloosamateri-
aalin vastaava pitoisuus ennen uuttoa.

12. Jonkin edella olevista patenttivaatimuksista mukainen menetelma, jossa hieno-
jakoisen lignoselluloosamateriaalin ligniinipitoisuus on ainakin 60 paino-%, edullisesti
70 paino-%, sopivasti 80 paino-% lignoselluloosamateriaalin ligniinipitoisuudesta en-
nen uuttoa.

13. Jonkin edella olevista patenttivaatimuksista mukainen menetelma, jossa adsor-
bentti saadaan aikaan suorittamalla lignoselluloosamateriaalille kuumavesiuutto, jol-
loin kuumavesiuutto suoritetaan edullisesti Iampdtilassa 100 °C - 250 °C, erityisesti n.
110-200 °C, edullisesti aikavalilla 10 minuuttia — 7 paivaa.

14. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa ligno-
selluloosamateriaali otetaan talteen uuton jalkeen ja sitd kaytetdan adsorbenttina lig-
niinin ja/tai muiden ainesosien saostamiseksi nesteestd olennaisesti ilman mitaan
ajoittaista lignoselluloosamateriaalin pesemista.
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15. Jonkin patenttivaatimuksista 1-13 mukainen menetelma, jossa lignoselluloosa-
materiaali otetaan talteen uuton jalkeen, pestdan ja kaytetdan adsorbenttina ligniinin
ja/tai muiden ainesosien saostamiseksi nesteesta.

16. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa uuton
jalkeen talteenotettu lignoselluloosamateriaali kuivataan ennen sen kayttadmista ad-
sorbenttina ligniinin ja/tai nesteen muiden ainesosien saostamiseksi.

17. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa ennen
kayttamistaan uutettu lignoselluloosamateriaali kasitelladn kemiallisella aineella, joka
on valittu alkaliyhdisteiden, happoyhdisteiden ja liuottimien tai niiden yhdistelmien jou-
kosta sen adsorptio-ominaisuuksien modifioimiseksi.

18. Jonkin edella olevista patenttivaatimuksista mukainen menetelma, jolloin mene-
telm&ssa tai uutetussa lignoselluloosamateriaalissa ei ole synteettisid polymeerisia
adsorbentteja.

19. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa ligno-
selluloosamateriaali sisdltaa puuta, kuten havupuuta, esimerkiksi kuusta, mantya tai
lehtikuusta, lehtipuuta, kuten koivua, poppelia, haapaa, leppada, eukalyptuspuuta tai
trooppisten lehtipuiden sekoitusta tai naiden sekoituksia.

20. Jonkin edella olevien patenttivaatimuksista mukainen menetelma, jossa adsor-
bentti sisaltda lignoselluloosamateriaalia, jonka dso hiukkaskoko on 0,05-6,0 mm,
edullisesti 0,1-5,0 mm, sopivasti 0.2 —3 mm.

21. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa neste
saatetaan kosketukseen adsorbentin kanssa lignoselluloosamateriaalin ja nesteen
massan suhteen ollessa 0,01:1 — 0,25:1, edullisesti ainakin 0,04:1, sopivasti n. 0,2:1.

22. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa adsor-
bentti sisaltaa edelleen synteettistd adsorbenttimateriaalia, joka on edullisesti valittu
ryhmastd, joka koostuu aromaattistyyppisista adsorbenteista, modifioiduista aromaat-
tistyyppisista adsorbenteista, metakryylisista adsorbentteista ja ndiden sekoituksista.

23. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa adsor-
benttimateriaali, jonka paalle tai johon ainakin osa nesteen ligniinista ja/tai muista ai-
nesosista on saostunut tai sitoutunut, otetaan talteen ja kaytetaan uudelleen adsor-
benttimateriaalina.
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24. Patenttivaatimuksen 23 mukainen menetelma, jossa talteenotettu adsorbentti-
materiaali kuivataan, pestaan ja kuivataan ennen sen kayttamista uudelleen adsor-
benttimateriaalina.

25. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa se osa
ligniinid ja/tai muita ainesosia, joka on saostunut tai sitoutunut adsorbenttimateriaaliin,
on ainakin 20 paino-%, erityisesti ainakin 30 paino-% tai 40 paino-%, tasmallisesti
ainakin 50 paino-%, 60 paino-%, 70 paino-%, 80 paino-% tai 90 paino-% ligniinin ja/tai
muiden nesteessé olevien ainesosien maarasta.

26. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa adsor-
benttimateriaalin, jonka paélle ainakin osa nesteen ligniinistd on saostunut tai sitou-
tunut, ligniini:hiillihydraatti suhde on suurempi kuin adsorbenttimateriaalissa ennen sa-
ostamista.

27. Jonkin edelld olevista patenttivaatimuksista mukainen menetelmd, jossa neste
sisdltdad hemiselluloosaa ja/tai muita orgaanisia yhdisteita, jotka on valittu ryhmasta
fenoliyhdisteita, kuten ligniinida, heterogeenisia polysakkarideja, hartsi- ja rasvahap-
poja, typpipitoisia yhdisteita, kuten proteiineja, polymeeriyhdisteita ja 6ljyja ja naiden
yhdistelmia ja/tai epaorgaanisia yhdisteita.

28. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa neste on
vesipitoinen.

29. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa neste
saadaan aikaan uuttamalla lignoselluloosamateriaalia esimerkiksi kuumavesiuutolla.

30. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa adsor-
bentti on jarjestetty adsorptioalueelle ja neste johdetaan tuon alueen 14pi ja saatetaan
alueella Iaheiseen kosketukseen adsorbentin kanssa.

31. Patenttivaatimuksen 30 mukainen menetelma, jossa adsorptioalue sisaltda ad-
sorbentin muodostaman suodatuspedin.

32. Jonkin edella olevista patenttivaatimuksista mukainen menetelma, jossa modifi-
oitu neste, joka sisaltdd vahemman ligniinia ja/tai muita ainesosia, otetaan talteen
adsorptioalueen effluenttina.

33. Jonkin patenttivaatimuksista 3-29 mukainen menetelma, jossa adsorbentti sekoi-
tetaan nesteen kanssa, erityisesti vesipitoisen nesteen kanssa, lietteen
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muodostamiseksi, jossa ligniini ja/tai muut nesteen ainesosat joutuvat kosketuksiin
adsorbentin kanssa ja saostuvat tai sitoutuvat adsorbenttiin.

34. Patenttivaatimuksen 33 mukainen menetelma, jossa lietteen nestefaasi erotetaan
dispergoidusta materiaalista ja otetaan talteen modifioituna nesteend, jonka epapuh-
tauspitoisuutta on pienennetty.

35. Jonkin patenttivaatimuksista 2-34 mukainen menetelma, jossa modifioitu neste
saatetaan uudelleen kosketukseen adsorbenttimateriaalin kanssa, esimerkiksi kier-
rattamalla.

36. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa neste on
valittu ryhmasta, joka koostuu kuumavesiuuton uutteista, puunjalostuslaitosten pro-
sessiliuoksista kuten mustalipedsta, jatevesista, ladketehtaiden jatevesista, 6ljyjalos-
tamoiden jatevesista ja maatalouden paastoista.

37. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa ligniinin
ja/tai muiden ainesosien saostuksella aikaansaatu modifioitu neste johdetaan mole-
kyyli- tai membraanisuodatusvaiheeseen hemiselluloosan ottamiseksi talteen.

38. Jonkin patenttivaatimuksista 27-37 mukainen menetelma, jossa ainakin osa tal-
teenotetusta hemiselluloosasta ohjataan jatkokasittelyyn kaytettavaksi teollisuu-
dessa, esim. substraattina erityisten kemikaalien, kuten sokerien ja alkoholien, val-
mistamisessa.

39. Jonkin patenttivaatimuksista 27-37 mukainen menetelma, jossa ainakin osa tal-
teenotetusta hemiselluloosasta jalostetaan kaytettavaksi esim. pakkaamisessa ja
pakkausmateriaalina.

40. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa adsor-
benttimateriaali, jonka paalle ainakin osa nesteen ligniinistd on saostunut tai sitoutu-
nut, johdetaan jatkok&sittelyyn kaytettédvaksi pellettien tai brikettien valmistuksessa.

41. Jonkin edelld olevista patenttivaatimuksista mukainen menetelma, jossa adsor-
benttimateriaalia, jonka paélle ainakin osa nesteen ligniinistd on saostunut tai sitou-
tunut, kaytetdan energian tuottamisessa.
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