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Description

[0001] The present invention relates to a process for defibering a fibrous raw-material according to the preamble of
claim 1.

[0002] According to this kind of a process, a fibrous raw-material is contacted with a pulping liquor containing an
organic solvent for defibering a fibrous raw-material.

[0003] The invention relates also to a process according to the preamble of claim 11 for recovering lignin and to a
process according to the preamble of claim 14 for recovering hemicelluloses, respectively.

[0004] Defibering of a fibrous material, such as chips, which hereinafter also is referred to by the term "delignification”,
is performed mainly by sulphate (or kraft) or sulphite cooking, wherein sulphur and sodium chemicals of a water based
cooking liquor are used as an active cooking chemical. In that case, defibering means the separation of fibres from each
others by dissolving lignin that acts as adhesive. Yields of kraft cooking before bleaching are in the range of 50 to 53 %
for hardwood and about 46 to 49 % for softwood. Both the fibrous material and residual lignin are sulphur-containing,
and thus also nonreactive, after the cooking.

[0005] At present, bleaching is increasingly carried out with hydrogen peroxide, the drawback of which is a weakening
of the mechanical properties of the fibre.

[0006] In principal, it is possible to produce also monomeric sugars and lignin derivatives from lignin-containing raw-
materials by chemical cooking processes. These can be reprocessed or burned. However, a drawback with known
processes is that they generally are optimized only for one product. Sugars with high yield can be obtained as a result,
but lignin and at least a major part of hemicellulose are lost or recovery thereof is technically difficult. Energy recovery
of the by-product may also be restricted by the high water content thereof.

[0007] Itis an aim of the invention to eliminate drawbacks relating to the known processes and to provide a totally
new kind of a solution for defibering a fibrous raw-material.

[0008] The invention is based on the idea that a raw-material is treated in an organic solvent containing a lower acid
of phosphorus. In particular, in the invention a fibre-containing raw-material is cooked in an organic solvent containing
hypophosphoric acid or another phosphoric acid derivative having a lower degree of oxidation (lower than that of ortho-
phosphoric acid disclosed in WO 7900119).

[0009] In the process according to the invention for recovering lignin from a lignin-containing fibrous raw-material,
lignin that is dissolved into the cooking liquor is precipitated from the solvent with a non-solvent, in particular with water.
[0010] More specifically, the process according to the invention is mainly characterized by what is stated in the char-
acterizing part of claim 1.

[0011] The process for recovering lignin according to the invention is, in turn, characterized by what is stated in the
characterizing part of claim 11. The process for recovering hemicellulose according to the invention is characterized by
what is stated in the characterizing part of claim 14.

[0012] Considerable advantages are obtained with the present invention. Thus, a significantly high yield is provided
by the process and it has been noted that the cooking has an activating effect on the fibrous material. The fibrous material
that can be obtained from cooking has interesting properties, such as good mechanical properties, reactivity with func-
tionalizing enzymes and en excellent enzyme hydrolysability into sugars. Of the compounds dissolved in the cooking,
lignin can be recovered in the form of reactive nanoparticles, which have been found to contain -1 % chemically bound
phosphorus, which may also have significance as a fire retardant. Organophosphate groups can bind metal ions and
thus may serve as an ion exchanger.

[0013] The fibres produced according to the new cooking process from plant fibres, such as from wood or reed canary
grass, and lignin obtainable from cooking are suitable e.g. for fibre composites and special paper applications as well
as for lignin products (sizes, coatings, composite matrices). Delignification according to the invention can also be used
as a pre-treatment stage in isolation of hemicellulose. Taking into account only the yield of lignin, 60 to 75 % of dry
weight of the plant material is utilized as useful products.

[0014] In the following the invention will be examined in more detail by means of the detailed description and working
examples.

[0015] In Figure 1 is shown a TEM-picture of lignin nanoparticles produced by means of the invention. Particles of
less than 50 nm and respectively about 100 nm are seen from the picture,

In Figure 2 are shown bar charts depicting enzyme hydrolysis of two pulps obtained from a cooking according to example
10.

In Figure 3 is graphically depicted the effect of Trametes hirsuta laccase on oxygen consumption of lignin pulps, described
as a function of time of measurement, and In Figure 4 is a corresponding diagram for oxygen consumption of LGF-4
lignin in the presence of laccase.

In Figure 5 are shown the lengths of fibres of the pulps produced according to example 1 and example 7, respectively,
by means of bar charts; the results can be compared to the literature values shown in Figure 6.

In Figure 7 are shown graphically the grinding curves or a tensile index of the pulps as a function of grinding.
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On the other hand, in Figures 8A and 8B are shown the effect of birch pulp produced by the process according to the
invention on the air permeance of the paper, and on the smoothness of the sheet surface.

In Figure 9 are shown two diagrammatic plans from pulp treatment, wherein the upper one (1) depicts the sequence,
wherein the pulp is treated with laccase and then an sheet is formed, after which the technical properties are determined
from it, and the lower one depicts the sequence, wherein sheeting is followed by spraying the sheets with laccase,
pressing and drying the sheets, after which the technical properties are determined from the sheets.

In Figure 10 are shown bar charts for tensile strengths of two samples.

In Figure 11A to 11C are shown bar charts for 15 samples, wherein "RM" represents a compound of cellulose acetate
plastics and organosolv birch fibre (example 5), fibre of CA-RM reed canary grass produced according to example 10,
birch cellulose |, birch cellulose Il and birch cellulose Il represent birch sulphate cellulose fibre taken from different
process stages; birch cellulose | - after sulphate cooking, birch cellulose Il - before bleaching, and birch cellulose IlI -
bleached pulp.

In Figure 11B are shown the yield strength comparisons and in Figure 11C breaking strength comparisons.

[0016] The cooking process according to the present invention is based on a so far unknown (unidentified) chemical
reaction, wherein phosphinic acid or its derivative catalyses, in an organic solvent, the delignification process while
covalently attaching to lignin.

[0017] By their chemical nature, phosphinic acid H3PO,, H,P(O)(OH), its tautomeric form HP(OH), and salts thereof
are strong reducing agents. In this respect, as cooking chemicals they differ significantly from e.g. peroxoformic acid,
which is an active cooking chemical of another so-called organosolv-process, namely the MILOX process. Indeed, in
many other known organic cookings a mineral acid (phosphinic acid is a monoprotic acid pKa: 1.2, but weaker than
H,SO, or HCI) is utilized as a catalyst, but the effect of these is primarily hydrolytic.

[0018] In addition to phosphinic acid and its tautomeric form and salts thereof, other derivatives of phosphorus can
be used, wherein phosphorus has a lower oxidation degree than orthophosphoric acid.

[0019] The cooking process would seem to be based on acidic catalytic delignification of phosphinic acid and on the
other hand on its capability chemically to attach to lignin. The mechanism of delignification has not been elucidated, but
it is possible that the effect of the phosphinic acid can relate to the benzyl positions of a phenyl propane unit of lignin
and to reactions of acetal or ketal links of the wood structure. In that case organophosphate groups or such ester groups
would seem to be formed.

[0020] It has been found that the process according to the present invention works well on different plant-based
materials. Annual and perennial plants are suitable as starting materials. According to one preferred application defibrated
pulp is produced from wood. Some domestic plant species such as pine, spruce, birch, aspen or alder can serve as a
starting material, but also other wood species can be used, such as eucalyptus, maple, Cottonwood, mixed tropical
hardwood etc. According to another preferred embodiment, the process according to the invention is applied for annual
plants, such as straw of grain crops, reed canary grass and bagasse.

[0021] It should be pointed out that the fibrous raw-material, such as straw and wood, can be mechanically pre-treated
(refined, sawdust, woodchips as well as mechanical pulp) or classified in various ways. Fibres of very high quality or
merely fermentable sugars can be the target. Hemicellulose can be as a by-product and in all cases technically useful
pure lignin.

[0022] Thus, the sulphur-free cooking process developed works very well on reed-stem plants, soft and hardwood
trees in up to 50 to 60 % yield, in addition to which from 10 to 15 % of purified lignin is obtained as particles having
particle size of from 50 to 100 nm according to the TEM description. The total yield is thus from 60 to 75 % of the starting
material.

[0023] Cooking can be carried out as well on wood at natural moisture or on dry starting material at almost anhydrous
conditions.

[0024] Compared to the traditional sulphate cooking, the yield of the spruce cooking carried out in dry conditions (50/50
spring wood) based on the examples below, can be e.g. about 54 %, in other words on the order of 10 % better than
that of kraft cooking compared to the values in literature. The residual lignin concentration for birch fibre corresponding
to the 50 % yield (that is comparable to the kraft process) was 3.35 % and the yield of isolated lignin was 11 %. After
cooking the glucose concentration of the fibre was 89.5 % and the concentration of xylan was 7.8 %.

[0025] The mechanical properties of the fibre produced by the new process from birch wood were better compared
(reduced) to comparative mill pulps as a function of refining.

[0026] In addition to the strength, valuable properties are obtained for paper sheets, such as good smoothness and
low air permeance. The active residue lignin contained in the fibre can in principal be used to increase the enzymatic
strength of the sheet. This is exemplified by a test wherein laccase treated fibres that were cooked with the new process
gave 10 % higher tensile strength compared to the reference treated fibres (shown in appendix). The fibres are well
suited at least as fibre reinforcement for biopolymers (in an exemplifying embodiment, cellulose acetate and PLA) in
fibre composites.

[0027] Birch fibres produced by the process increase the module of the reinforcement by a factor of 3x. Compared to
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a commercial birch fibre (directly from cooking) the improvementin the module was 10 % higher and in yield and breaking
strength was 9 % higher. The strength values for a reed canary grass fibre composite were comparable to a bleached
sulphate-process birch fibre reinforcement.

[0028] The cooking process can also be used as a pre-treatment step for biomass in the production of fermentable
sugars. When the alkaline extraction with 0.5M NaOH is combined to the defibering, for example material, having an
enzyme hydrolysability of 100 % (time of < 24 h) is obtained from reed canary grass in ~40 % total yield. The alkali
extraction is suitable for isolation of hemicellulose. Based on the sugar analysis, the alkali treatment increased the
glucose concentration of the fibre by 25 % and decreased the xylan concentration by about 50 %. Alkali treatment also
removed clearly the residual lignin of fibre, so it is also a pulp bleaching process.

[0029] Also acetic acid, formic acid and ethanol are suitable as an organic part of the cooking liquor (cf. below in more
detail). Ratio of the solvent to the starting material can be, as has been proved, changed more preferred by recycling
the cooking liquor. The economical potential can be considered to be significant, since the most possible objective
comparison to the main process (kraft cooking) offers an advantage in magnitude of at least 10 %, measured by almost
any product characteristics.

[0030] Cooking process is in principal extremely gentle, and it can generally be carried on at from about 50 to about
125 °C. As it is evident hereinafter, according to the examples operation were at a temperature of about from 75-110
°C. Longer treatment times are used at lower temperatures to enhance the penetration of cooking chemicals into the
fibre raw-material, for example woodchip. Reaction times could very well be increased by a pressurized process. In case
of phosphinic acid, elevating the temperature is not recommended (or it should be avoided), because risk for decompo-
sition of reagent increases, as the temperature exceeds 110 °C.

[0031] Itis possible to operate at normal atmospheric pressure or increased pressure.

The overpressure is typically about 1.1 ... 10 times normal atmospheric pressure.

[0032] The same cooking liquor can be recycled in the process several times, whereby a higher concentration is
achieved for lignin, if it is to be isolated.

[0033] The amount of phosphinic acid in the cooking solution is at industrial scale operations e.g. about from 0.01 to
10 %, preferably about from 0.1 to 5 %, of hypophosphoric acid from the weight of the cooking liquor. The amount of
phosphinic acid can also be adjusted according to the fibrous material being brought to the cooking. In general, cooking
liquor contains therefore about from 0.1 to 50 %, in particular about from 0.5 to 20 %, of hypophosphoric acid from the
dry matter of raw-material.

[0034] It should be pointed out that in most of the examples presented below the amount of phosphinic acid is con-
siderably high (up to 1:1 for the material to be cooked). The large volume required by the material has partly affected
the high reagent amount (for example straw or bark). However, in connection with the present invention it could be noted
that the process operates excellently with dosages mentioned above. A good pulp is obtained from birch at dosages of
phosphinic acid in the range from about 5 to 15, e.g. at about 10 % calculated from the dry weight of birch. The corre-
sponding amount for softwood is from 5 to 25 % as calculated from the dry weight of softwood.

[0035] Small molecular weight carboxylic acids (aliphatic and aromatic) are suitable as solvents as well as aliphatic
alcohols (alkanols) and aromatic alcohols of 6 to 10 carbon atoms.

[0036] In general, hydrocarbon residue of carboxylic acid (alkanoic acid) comprises 1 to 6, in particular 1 to 4 carbon
atoms. As examples of suitable solvents should be mentioned formic acid, acetic acid and propionic acid mentioned
above. In addition to alkanoic acids also corresponding peracids can be used as well as suitable hydroxy acids. Aromatic
alcohols can also be used.

[0037] Suitable alkanols contain generally 1 to 6 carbon atoms and 1 to 5 hydroxyl groups, in particular 1 to 3 hydroxyl
groups. As examples should be mentioned: methanol, ethanol, n-propanol, isopropanol, n-butanol, sec-butanol, tert-
butanol, as well as substituted lower alcohols, such as methoxyethanol, ethoxyethanol, methoxymethanol and
ethoxymethanol, as well as alcohols, that contain more hydroxyl groups (polyols), such as compounds comprising 2 or
3 hydroxyl groups, e.g. 1.2-ethanediol (ethylglycol), propanediol (propylglycol) and glycerol. Aromatic alcohols are e.g.
phenol and benzyl alcohol.

[0038] It should be noted that also mixtures of compounds presented above can be used as solvents having two or
more components mentioned above.

[0039] According to one application in particular polar organic solvent is used as solvent, such as C,_g-alkanoic acid,
C4_-alkanol or polyol or aromatic alcohol, hydrocarbon residue thereof containing 6 to 10 carbon atoms, or a mixture
thereof.

[0040] Solvent can contain water, which originates e.g. from the fibrous raw-material to be treated. However, the
amount of water is so small that the organic solvent serves as a solvent for lignin that is released from the fibrous material
in connection with cooking (in practice during it). In general the concentration of water in moles is not over about 50 %
the total mole amount of water and solvent, or the molar ratio of water and solvent is up to about 1:1, most suitably it is
less than 1:1, in particular the molar ratio of water and solvent is from about 0 to about 40 %, most suitably from 0 to
about 30 %. Usually at least some amount of water, typically at least about 0.1 weight-% of the liquid phase, often at
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least about 0.2 %, enters with the raw-material or cooking chemical to the cooking.

[0041] Forthe reason mentioned above the organic solvent used in the present process is most suitably water miscible,
whereupon the liquid phase of the cooking stays in one phase during the treatment.

[0042] According to an application defibering of the raw-material is carried out at less than 20 %, preferably less than
10 % total moisture content.

[0043] Lignin obtainable from the cooking can be produced irrespective of the plant species into the nanoparticles
with a very simple process. The preparation of nanoparticles of lignin by means of known techniques is an expensive
and complicated process requiring high technology from the apparatus. In the present invention nanoparticles of lignin
can be prepared simply by precipitating them from water solution.

[0044] A special feature of the particles is a high phenol functionality that is promoted by the small particle size of the
particles, in general about from 50 to 100 nm. Phenol functionality is well visible e.g. as a high response to the oxidative
enzymes. Probably organic phosphorus bound to the lignin has a significant role in dispersing mechanism of lignin,
which that seems to happen spontaneously without mechanical dispersing or auxiliary dispersing substances.

[0045] According to an application a small part of lignin is left deliberately into the fibres, e.g. the amount corresponding
to the portion of Klason lignin (about 2 to 3 %), whereby a very high reactivity towards different chemicals that activate
by oxidation is achieved for the fibre. For example, activity observed for the laccase enzyme is an order higher than for
mechanical pulps.

[0046] Since the effect of laccase is based on the oxidation reaction, along with laccase and, at least in some cases,
as a substitutive chemical for it, some oxidative chemical can be used, typically alkali metal salts of peroxosulphur acid.
[0047] According to an application, the laccase enzyme of the fibre (Tr. Hirs) 1000 nkat/g activity in consumption of
oxygen DO >4 mg/l, in 30 min or up to DO > 5 mg/l in 30 minutes.

[0048] The features shown above make possible further processing of fibres with functional substrates, whereupon
already previously good technical properties can be modified. This fact will prove to be especially meaningful e.g. in
production of fibre-plastics composites, wherein the fibre has in every case to be as much as possible compatible with
the plastics matrix. Unmodified fibres have also been found to be suitable excellently in biopolymer composites and to
function at least with cellulose esters and PLA better than a conventional sulphate cellulose pulp.

[0049] Physical and strength properties of the fibre have been shown by examples to be totally on the level of sulphate
pulps and in most cases even surpass them.

[0050] The shown defibering treatment is continued until an essential part of the fibre matter has been defibrated. In
general this corresponds to a case, wherein a significant amount of lignin has dissolved from the starting material.
According to the starting material

[0051] (hardwood/softwood/grasses) the yield of the defibrated pulp is in general up to ca. 90 weight-%, in particular
yield is about from 30 to 75 weight-% from the starting material. Always according to the starting material, the Kappa
value is in general 10 to 150 with unbleached pulp, in particular about 15 to 120, most suitably about 20 to 110. After
bleaching the kappa number is e.g. with hardwood about from 10 to 30, with softwood from 10 to 40.

[0052] Especially preferred results are obtained, when the yield is from 48 to 55 %, whereupon the fibres bind well on
each others and form a dense net.

[0053] In paper technology fibres can therefore be used in production of airimpermeable, very smooth papers. Since
the background of paper making is acidic, so the paper suits well e.g. for a base paper for printable electronics or an
electrically conductive paper.

[0054] The process can also be understood as some sort of a concept, wherein the aim is to utilize wood or reed totally
by fractionating it into polymer components.

[0055] The disadvantage of most known processes is indeed, that they are good only in one case at a time. Sugars
with high yield can be as a result, but lignin and at least most part of hemicellulose are lost or its recovering is technically
difficult. Energy recovery of the side product can be restricted also its high water concentration.

[0056] By means ofthe new process, lignin, hemicellulose and cellulose could be separated from each others gradually.
An efficient exit of hemicellulose from the fibre can be concluded also by examining the sugar compositions of the fibres.
Quite mild alkali treatment (0.5 M NaOH) decreases for example xylose concentration of birch fibre to a half. If an alkali
treatment is carried out after removal of lignin, cellulose is obtained mainly as the end product. The removal of hemicel-
lulose serves at the same time as a bleaching process.

[0057] Since enzyme hydrolyzing of the cellulose fraction alone has been discovered to be extremely fast, the cooking
can in principle be directed "over" in such a way that microcrystalline cellulose or cellulose fibrils can be produced from
the end product with a good yield, in other words to carry out partly the acid hydrolysis of cellulose during the cooking
and/or to increase the enzyme hydrolysis rate of the polysaccharide.

[0058] Insummary, it can be noted from the applications mentioned above that the fibrous material produced by means
of the present cooking can be used as such, or as further functionalized in fibre composites (either with synthetic or bio
plastics) and in special paper and paperboard applications (filters, traceability, recognisability) or as a base paper in
printed electronics (especially then, if it is accompanied with alkali sensitive conducing polymer).
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[0059] Lignin can be used directly to replace the present lignin product in existing applications (sizes, adhesives, wood
preservatives, fertilizers, etc.) to bring added value, such as fire resistance or microbiological durability of wood surface.
As nanoparticles or further functionalized, lignin could bring new properties, among others to fibre composite products
and as an additive and possibly also as a matrix material.

[0060] The amount of chemically bound phosphorus being >1 % the polymeric derivative serves in principle as an ion
exchange resin or as a metal cation trap.

[0061] In the process according to the invention for recovering of lignin from the lignin-containing fibrous raw-material,
lignin is dissolved into the cooking liquor, from which it is separated, whereby lignin dissolved into the cooking liquor can
preferably be precipitated from the solvent e.g. with water. The pH of lignin to be precipitated is set to a value of 4.5 to
6.0, in particular about to a value of 5.0 to 5.5.

[0062] In the process according to the invention for recovering of hemicellulose, the fibrous raw-material is treated
with the presented cooking solution to dissolve lignin, whereby cooking is most suitably continued, until at least about
20 % of the raw-material has been dissolved. Fibrous raw-material, from which a significant part of lignin has been
removed, can be separated from the cooking liquor, after which it is treated separately with an alkali to dissolve hemi-
cellulose. From the alkali solution hemicellulose can for its part be isolated by precipitation, e.g. by using water, or with
membranes or other corresponding means. In general a significant part is separated from the fibrous raw-material,
typically about 25 to 35 of dry weight, whereby most of lignin is removed from it, after which at least about 50 weight-%
of hemicellulose contained therein is extracted with an alkali solution from the treated fibrous raw-material. As alkali an
aqueous solution of alkali or earth alkali metal hydroxide is used, having molality such as above noted, relatively low,
e.g. about 0.1 to 5 M, most suitably about 0.1 to 1 M.

[0063] The following non-limiting examples illustrate the invention.

Example 1. High yield acetic acid-phosphinic acid cooking on dry birch wood

[0064] 52.8 g of dried birch wood (dry matter 88 %), 50.0 g calculated as dry, 302.0 g of acetic acid, 82.0 g of water
and 60 g of 50 % aqueous solution of phosphinic acid (hypophosphoric acid, H3;PO,), corresponding addition of 30.0 g
of 100 % of phosphinic acid, were put into a glass reaction vessel, so that the wood particles were covered with the
liquid. After this 24 h cooking was carried out with reflux at atmospheric pressure and at 105 °C. Within the reaction time
the wood particles were degraded into fibres, from which the reaction solution (160 g) was filtered off, after which the
fibres were rinsed with 216 ml of 70 % acetic acid. After this the fibres were mixed into the water to form 5 % slurry,
filtered through a wire and the filtrate was sucked once through the fibre cake. Finally the pulp was washed in the filter
with water. Water was sucked away with vacuum, whereupon dry matter of the fibre cake was 29.2 %.

[0065] Yield: 58.9 % of fibre calculated from the dry weight of wood.

Example 2. Reference of birch cooking

[0066] Asareference sample, 53 g (50 g as dry) of birch sticks were treated in reaction conditions according to example
1, but no phosphinic acid was added into the cooking liquor.

[0067] During cooking the solution was dyed to reddish brown, but the sticks were not dispersed into fibre. The sticks
were purified with a process according to example 1 and the acetic acid solutions, 400 ml, were spared for further analyses.

Example 3. High yield acetic acid-phosphinic acid cooking on dry birch wood

[0068] 108 g of dried (dry matter concentration of 92.4 %), corresponding 100.0 g of dry birch wood, was set as small
pieces into the cooking liquor, amount of which was 462 g, and containing: 302 g of acetic acid, 30 g of phosphinic acid
and 130 g of water. The mixture was cooked for 23 h at a temperature of 105 °C with reflux at normal pressure, whereupon
wood degraded into fibres. The wood fibres were purified by a process according to example 1. Reaction solutions,
containing acetic acid and lignin, were recovered and total amount thereof was 536 g. The yield of the fibre pulp washed
with water was 206 g dry matter concentration was 30.5 %, that corresponds to 62.8 % yield of birch fibre calculated
from the dry weight of wood.

[0069] The following composition was obtained for the fibre:

Materials extractable with acetone: 2.48 %
Klason’s soluble lignin: 0.54 %

Klason’s gravimetric lignin: 3.52 %
rhamnose < 0.10

arabinose < 0.10
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(continued)

galactose < 0.10

glucose 86.9 %

xylose 7.89 %

mannose 0.50 %

methyl glucuronic acid (MeGIcA) 0.15 %
galacturonic acid (GlIA) < 0.10

in total: 95.54 %

Example 4. Monitoring of sugars of birch wood in phosphinic acid-acetic acid cooking

[0070] Fresh birch wood, in amount of 166 g (100 g calculated as dry wood), 302 g of acetic acid and 60 g if 50
percentage phosphinic acid were reacted in a 0.5 | hairline level flask for 35 h 30 min at normal pressure and at a
temperature of 105 °C. After the reaction time purification of fibre was carried out exactly by the process described in
example 1.

[0071] Yield was 195 g of pulp having dry matter concentration of 25.1 %. This corresponds to 48.1 % yield if birch
fibre calculated from dry weight of wood.

[0072] The following composition was determined for birch fibre:

Materials extractable with acetone: 2.80 %
Klason’s soluble lignin: 0.59 %
Klason’s gravimetric lignin: 3.40
Sugars

rhamnose < 0.10 %

arabinose < 0.10 %

galactose < 0.10 %

glucose 89.5 %

xylose 7.80 %

mannose 0.76 %

methyl glucuronic acid 0.28 %
galacturonic acid < 0.10 %
glukuronihappo < 0.10 %

in total 98.34 %

[0073] Carbonhydrate and ligninfractions were analysed from the cooking liquor after ultrafiltering and alkali extraction.
Yield of the dissolved polymeric carbohydrate fraction was 5.8 % dry matter of wood and yield of the dissolved lignin
was (purified as nanoparticles) 8.9 % dry matter of wood.

Example 5. Production of birch fibre with acetic acid-phosphinic acid cooking, from fresh birch wood

[0074] Fresh birch wood in amount of 189.4 g (100 g calculated as dry wood), 3 02 g of acetic acid and 60 g of 50 %
phosphinic acid, are reacted in a 0.5 liter hairline level flask for 32 h at normal.pressure and at temperature of 105 °C.
Atfter the reaction time purification of fibre was carried out exactly by the process described in example 1.

[0075] Yield was 186 g of pulp, having dry matter concentration of 26.6 %. This corresponds to 50.3 % yield of fibre
calculated from dry weight of wood.

[0076] The obtainable fibre is suitable for example for reinforcement of plastics (in particular thermoplastics).

Example 6. Production of spruce fibre from classified needlesticks (pin chips) with acetic acid-phosphinic acid
cooking

[0077] 43.5 g of dried up (dry matter 91.9 %, 40.0 g of dry wood) spruce sticks, whose portion of spring wood had
been enriched to a proportion of 1:1, was immersed into 578 g of cooking liquor containing 482 g of acetic acid, 48 g of
phosphinic acid and 48 g of water. The mixture was cooked with reflux at normal pressure for 24 h at temperature of
105 °C. After the reaction time, purification of fibre was carried out exactly by the process described in example 1. Yield:
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54 % of spruce fibre calculated from dry matter of wood.
Example 7. Production of spruce fibre from woodchips with phosphinic acid-acetic acid cooking

[0078] Fresh spruce chips, 267 g dry matter concentration of 37.2 %, corresponding to 100 g calculated as dry wood
of spruce, were immersed into the cooking liquor containing 302 g of acetic acid, 30 g of 100 % calculated of phosphinic
acid and 30 g of water. Woodchips were cooked in the solution for 88 h at temperature of 105 °C, whereupon wood
softened and degraded into fibres as lignin dissolved in acetic acid. After reaction time mother liquor was aspirate with
vacuum from the pulp, giving a yield of 231 g, after this the fibre cake was rinsed part by part with 70 % acetic acid to
remove lignin and cooking chemicals. The yield of washing solution was 246 g, which was combined to the previous
filtrate (mother liquor). After this the fibre was washed with water in 5 % slurry, filtered onto the wire and the filtrate was
sucked once through the fibre cake. Finally the pulp was washed on the filter with water and concentrated with vacuum
suction.

[0079] Yield of the moist pulp was 238 g, dry matter concentration 22.4 %, corresponding 53.3 % yield calculated from
dry matter or wood.

Example 8. Removal of lignin from the inner bark of birch with acetic acid-phosphinic acid cooking

[0080] 95.3 g ofinner bark of birch, dry matter concentration of 91.6 %, corresponding to 87.3 g of dry bark, was mixed
into the cooking liquor containing 302 g of acetic acid, 30.0 g of phosphinic acid and 117 g of water. The mixture was
cooked for 44 h at temperature of 105 °C to dissolve lignin. After the reaction time lignin-containing acetic acid solution
was obtained 400 g, polysaccharide rich, water washed according to example 1 moist pulp 195 g, dry matter concentration
was determined to be 22.4 %, corresponding 50 % yield calculated from dry weight of the bark.

[0081] The following composition was determined for treated inner bark of birch

rhamnose < 0.10
galactose < 0.1 %
glucose 48.6 %
xylose 3.8 %
mannose 0.64 %
fructose < 0.1 %

Monosaccharide intotal: 53 %

Example 9. Production of birch fibre with formic acid-phosphinic acid cooking

[0082] Birch wood (119 g, dry matter concentration 84 %, corresponding to 100.0 g of dry wood) was combined with
a pulping liquor containing 251 g of formic acid, 25 g of phosphinic acid and 25 g of water. The cooking time was 19 h
30 min, during which time wood degraded totally into fibres. Lignin-containing cooking liquor was removed from fibre by
means of vacuum suction and the yield was 268 g. After this the pulp was rinsed with 70 % formic acid to remove the
dissolved lignin. The rinsing solution was recovered while amount thereof was 266 g, after which the lignin solutions
were combined. The fibre was washed with water according to example 1. The yield of moist pulp was 189 g, dry matter
concentration was 23.8 % and yield of birch fibre was 43.6 % calculated from dry weight of wood.

Example 10. Production of fibre from reed canary grass with acetic acid-phosphinic acid cooking

[0083] Straw of reed canary grass, amount of which was 55.3 g (dry matter concentration 90.3 %), or 50.0 g calculated
as dry matter, was mixed with 904 g of cooking liquor, having a composition of 604 g of acetic acid, 60 g of phosphinic
acid, and 240 g of water. The mixture was cooked for 13 h at temperature of 105 °C, whereupon straw softened and
degraded into fibres. The fibre was purified by a process according to example 1. Yield 134 g of wet pulp, dry matter
concentration 20.3 %, corresponding to 54.0 % yield. The wet pulp was dried in a convection oven at a temperature of
60 °C.

[0084] The obtainable fibre suits for example for plastics enforcements.

Example 11. Production of reed canary grass with acetic acid-phosphinic acid cooking

0085] 55.3 g of straw of reed canary grass (dry matter concentration: 90.3 %) was mixed into a solution havin
g y g ry g
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composition at the starting situation of 604 g of acetic acid, 60 g of phosphinic acid and 240 g of water. The cooking
time at temperature of 105 °C and at normal pressure was 5 h, during which time straw softened and degraded into
fibres. Cooking liquor was sucked away from the pulp with vacuum suction as totally as possible, after which to the
cooking liquor was added a new batch of 50 g (calculated as dry) of straw and a new cooking was carried out for 5 h.
The procedure was repeated an to the restored cooking liquor was mixed further 25 g batch of straw as dry weight, after
which a 3rd cooking step was carried out. After the cooking steps the fibre pulps were combined and rinsed with 70 %
acetic acid and after that were washed with water to a pH-value of ~5. In total 120 g of reed canary grass straw was
treated with the same cooking liquor. Yield of the wet pulp was 396 g, dry matter concentration was 18.1 %, corresponding
to 57.4 % total yield. Retention of the cooking liquor concentrated with lignin from the process was 516 g and 70 % acetic
acidic filtrate amounted 195 g.

[0086] 166 g of, 30.0 g calculated as dry reed canary grass pulp was treated further by extracting it for 4 h with 1000
ml of 0.5 N NaOH (pH = 12) at a temperature of 80 °C. The treatment was detected to bleach the pulp, while the residual
lignin and hemicellulose were dissolving. After the reaction time the fibres were filtered onto a wire and rinsed with 0.5
N NaOH solution. Yield 19.9 g of dry calculated fibre, corresponding to 66.3 % yield from the fibre proceeded into alkaline
extraction. The yield of cellulose rich fibre calculated from straw raw-material was therefore 38 %.

Example 12. Ethanol-phosphinic acid cooking for reed canary grass

[0087] 55.4 g (dry matter concentration 90.3), 50.0 g of dry calculated straw of reed canary grass was mixed into a
cooking liquor, having a composition of 604 g ethanol, 60 g of phosphinic acid and 180 g of water. The mixture was
cooked at reflux (79 °C) for 30 h. After this ethanol was sucked away from the pulp by means of vacuum. To the returned
ethanol cooking liquor was added as dry weight a new batch of 50.0 g of straw and cooking was repeated. After reaction
time the ethanol-containing pulps were rinsed with ethanol, combined and washed with 3000 ml volume of water and
finally rinsed with water on the wire. Yield of the pulp was 73.5 % calculates from dry weight of raw-materials.

[0088] Pulp, corresponding to an amount of 30.0 g of dry weight, was treated with alkali extraction according to example
10, whereby yield of cellulose rich pulp as dry weight was 23.3 g, corresponding to 77.6 % yield from the ethanol cooked
fibre and 57 % yield from the straw raw-materials of the starting situation.

Example 13. Production of nanoparticles of lignin from the cooking liquor by water dilution

[0089] Acetic acidic lignin solution (376 g), obtained from example 1, was diluted with water to a volume of 3000 ml,
whereupon a precipitation of lignin is formed, that can at least once sedimented and to separate dissolved acetic acid
by decanting. When a new water dilution is carried out after this to a volume of from 2000 to 3000 ml, the lignin precipitation
does not anymore sediment by gravitation, but water dispersion is formed, that can be concentrated by centrifuging with
high speed 3000 to 5000 r.p.m/ 15 min. Lignin was washed to pH-value of -5, yield of lignin dispersion 20.5 g (dry matter
of 24.6 %) and yield of 10.1 % calculated from dry weight of birch.

[0090] From areference sample (from example 2) slightly light yellowish precipitate was obtained, that was sufficient
for chemical determination of phosphorus. The chemical determination of phosphorus was carried out burning in a muffle
oven a sample on 1.00 g for 6 h/800 °C. Long burning time was necessary for lignin that had reacted with phosphinic
acid, in order all carbon to disappear. Reference samples were burned immediately. After the burning the inorganic
matter remaining in the porcelain crucible was dissolved into 5.0 ml of 1 M HCI and diluted to a volume of 100 ml with
distilled water. A sample was sent to the Water laboratory of Altia Oy and the total phosphorus concentration was
determined by means of molybdene blue process (total phosphorus of water).

[0091] In table 1 are shown the yields for different fibre raw-materials of lignin nanoparticles produced by above
described examples.

Table 1. Yields of lignin nanoparticles for different plant materials

Raw material Example | Yield % % phosphorus (total) | %P NMR
Ref. birch <<5 (total H,O precipitables) | 0.47

Aldrich lignin 0.31

Birch 1 10.1 1.21 0.96
Birch 4 11.3

Inner bark of birch | 8 1.7

Spruce 7 11.1 1.13
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(continued)
Raw material Example | Yield % % phosphorus (total) | %P NMR
Flax 6.4
Reed canary grass | 11 13.4
Reed canary grass | 12 7.0

[0092] On the other hand, in table 2 the amount of phosphorus bound to lignin is reported for lignin according to
example 1. The assay has been carried out by 31P{1H} NMR analysis.

Table 2. NMR analysis of birch lignin
Measured 31P{1H} NMR-spectrum Sum of 31P{1H} NMR integrals
Measured 31P{1H} NMR spectrum, DMSO-d6 | 5.90 (total sample)
Lignin; 31P{1H} NMR spectrum, D20 solution | 1.26 % (portion of the water soluble)

Phosphorus bound to lignin 59-1.26=464
Portion of phosphorus bound to lignin % 79 %
Qualitative
Acetylation of lignin 13C NMR 170.5 ppm (C=0)-acetyl carbonyl

20.6 ppm methyl of (-CHj)-acetyl

[0093] Thermoplasticity of nanoparticles of lignin produced from different starting materials was studied by means of
DSC analysis. Protobind 1000, a commercial lignin, was used as a reference sample. DSC analysis was run as two
from 0 to 125 °C cycles using 10 °C/min temperature increasing and decreasing speed.

Table 3. The glass transition temperature of organosolv lignin nanoparticle produced from different starting materials,
determined by DSC. Analytical samples were made by drying a lignin dispersion sample in a convection oven/ 60 °C.

Starting material of Isolation means for Glass transition temperature/°C
cooking lignin, 15t cycle 2nd cycle
Birch sawdust, Example 1 | Example 13 99 95
Reed canary grass, Example 13 65 61
Example 12

Reed canary grass, Example 13 104 102
Example 10

Reed canary grass, Example 13 103 102
Example 11

Flax, Example 14 Example 13 97 110
Protobind 1000, - 107 105
reference lignin

[0094] Table 3 shows that the glass transition temperature of lignins produced with an organic solvent was at about
100 °C and that the lignins act thermoplastically. The molecular masses of lignins are assayed by GPC techology and
the results are expected to explain some of the observed differences between different examples.

Example 14. Treatment of flax with formic acid-phosphinic acid cooking
[0095] Straw of flax, amount of which was 57.6 g (dry matter concentration 86.7 %, or calculated as dry material 50.0

g of flax straw) was mixed into the cooking liquor, containing 604 g of formic acid, 60.0 g of phosphinic acid and 240 g
of water. The cooking time at normal pressure was 11 h, whereupon straw degraded into fibres. The fibre was purified

10
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according to procedure of example 1 and 8, the yield of the wet flax fibre pulp, that was washed wit water, was 141.8
%, dry matter concentration was 19.2 %, corresponding to the yield of 54 % of flax fibre calculated from the dry weights
of straw.

[0096] Lignin-containing formic acid solution, amount of which was 664 g, was diluted with water to 3000 ml, and
prepared with a centrifuging wash at pH value of 5 to a nanoparticle dispersion of lignin, giving a yield of 16 g (dry matter
concentration 20.14 %) corresponding to 6.4 % yield of purified lignin nanoparticles calculated from the dry weights of
straw.

[0097] The flax fibre pulp (27 g of dry matter) was mixed to a volume of 1000 ml of 0.5 M NaOH-solution and extracted
for 24h at a temperature of 20 °C to separate hemicellulose. After the extraction the pulp was filtered through a wire and
the filtrate was sucked once through the fibre cake. The solution containing the alkali soluble polysaccharides was stored
and finally the fibres were rinsed on the filter with cold water.

[0098] Yield was 116.46 g of wet cellulose pulp, dry matter concentration was assayed to be 19.34 %. This corresponds
to 45 % yield calculated from the dry matter of straw at starting situation.

[0099] Flax could be fractionated by the process as follows: Biomass divided into either in 54 % yield of corresponding
amount of fibre and in 6.4 % yield of corresponding amount of lignin nanoparticles, or in 45 % yield of corresponding
amount of cellulose rich fibre, 9 % of alkali soluble polysaccharides (mainly hemicellulose) and 6.4 % of nanoparticles
of flax lignin. In total the conversion of flax into useful polymeric products was 60.4 %.

Example 15. Treatment of polymers of birch wood with acetic acid-phosphinic acid coking

[0100] Birch was fractionated with phosphinic acid cooking, into cellulose, hemicellulose, and lignin nanoparticles.
[0101] The starting situation (1.000 kg per moist wood, 57 % dry matter concentration) 1754 g of birch sticks (pin
chips), 1000 g as calculated dry wood, was mixed into a solution, having a composition of 5000 g of acetic acid, 100 g
of phosphinic acid and 246 g of water, at a cooking time at a temperature of 100 °C and at normal pressure was for 31
h 30 min, during which time the wood stick degraded into fibres. The fibres were purified by a process according to
example 1 and lignin nanoparticles were produced by a process according to example 12. Hemicellulose was isolated
from fibres by extracting 2 % fibre slurry in 1 M NaOH solution for 24 h at room temperature. The polysaccharide fraction
that was dissolved to alkali was purified by ultrafiltering trough a 5000 g/mol [cut offl membrane, after which it was freeze-
dried.

[0102] The polymers of birch fibres could be fractionated by the process.

[0103] Yields as calculated from the dry matter of wood at the starting situation:

Birch fibre 58.3 % after cooking
Cellulose 44.5 % after alkali extraction
Hemicellulose: 5.8 % Mw > 5000 g/mol

Lignin nanoparticles: 8.9 %

Example 16

[0104] Enzyme hydrolysis of fibre; in table 4 are shown the hydrolysis results for examplary cookings
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[0105] Sugars have been determined by a process described in the Bernfeldin publication, based on the reduction of
2-hydroxy-3,5-dinitrobenzene acid, Bernfeld, P (1955) Amylases, a and b. In Colowick SP and Kaplan NO (eds) Methods
of enzymology, Vol 1, Academic press, NY, pp 149-158.

[0106] Chemical composition of untreated cellulose was analyzed after acid addition by HPLC (Tenkanen, M., Gel-
lerstedt, G, Vuorinen, T., Teleman, A., Perttula, M., Li, J. and Buchert, J. (1999) Determination of hexeuronic acid in
softwood kraft pulps by three different methods. Journal of pulp and paper science, 25:9, 306-311).

[0107] Tenkanen, M. and Siika-Aho, M. (2000) An a-glucuronidase of Schittophyllum commune acting on polymeric
xylan. Journal of biotechnology, 78:2, 149 161.

[0108] Enzyme hydrolysability of fibre after an organic cooking appeared to be extremely high and also rapid.
[0109] In Figure 2is illustrated the enzyme hydrolysis in cooking carried out according to example 10. The experiment
scores SR-5 pulp 1 and 2 of hydrolysis of canary grass pulp cooked according to example 11 mean the fibre sample
before and after the alkali extraction. Alkali extraction clearly removes components that slow down hydrolysis from the
pulp, such as hemicellulose, which appears well also on changes in the sugar composition of the pulp (table 4). Alkali
treatment after the hydrolysis of the pulp after 24 h is already 100 %, which corresponds in the analysis to DNS mg/mi
of glucose.

[0110] Hydrolysability of the pulp treated according to example 12 is already initially large (76 %); 2 cooking cycles
with recycled solvent did not affect substantially on the result. After the alkali treatment the hydrolysability of the pulp
was > 90 %.

Example 17

[0111] Reactivity of fibres produces according to example 1 in an oxidation reaction catalyzed by laccase enzyme
was measured as the consumption of dissolved oxygen. The oxygen measurement was performed by determining the
concentration of oxygen dissolved into the fibre suspension during the laccase treatment. Measuring was performed in
a sealed sample vessel with SensorLink PCM800 apparatus using an oxygen electrode (Clark). It is evident from Figure
3 that the new organosolv fibres are very laccase reactive and that they can therefore be activated in the oxidation
reaction catalyzed by laccase, for further utilizing, for example as suitable for functionalizating.

Example 18. Special properties of nanoparticles of lignin, laccase enzyme activity

[0112] In Figure 4 is shown the oxygen consumption of birch lignin nanoparticles produced by process according to
example 1 in an oxidation reaction catalyzed by laccase enzyme. The oxygen measuring was performed by using the
oxygen measuring process described in example 16. From Figure 4 is observed that the lignin nanoparticles produced
by the organosolv cooking process described in the invention were very reactive in the oxidation reaction catalyzed by
laccase.

Example 19. Fibre length and comparison to commercial industrial pulps.

[0113] In Figure 5 are shown lengths of fibres of the pulps produced by example 1 (birch) and example 7 (spruce),
and they are compared to the literature values (Figure 6.).

[0114] It can be seen from the diagram that the fibre length distributions are typical for wood species.

Example 20. Physical and strength characteristics of fibres.

[0115] In Figure 7 is shown the compensation on density difference of pulps of the experimental sequence (test
sequence) compared with the industrial pulps. Reference is the birch sulphate cellulose pulp used in the production of
experimental sheets.

[0116] The comparison curves represent the effect of grinding. In its entirety the result in fully comparable to fibre
produced by a sulphate process.

Example 21. Mechanical and physical characteristics of birch fibres

[0117] In table 4 are shown extensively the physical characteristics of the birch pulp produced by cooking according
to example 1 and a comparison to the industrial pulps.

13
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Table 4. Physical, strength and paper technical characteristics of the pulp.
Organosolv Birch  Reference millpulp  Comparison: commercial industrial
pulp, grammage compensated.

Tensile Strength X1 (N/m) 7271.0 3389.7 4170.3
Stdev 449.4 112.4

Tensile Strength (N) 1091 50.8 62.6
Stdev 6.7 1.8

Tensile Index X2 (Nm/g) 101.0 54.6 54.6
Stdev 6.2 1.8

Energy to Break Z11 (J/m2) 93.6 96.5

Stdev 13.3 5.6

Strain at Break % (mJ/g) 21 3.9 4.0
Stdev 0.2 0.1

Modulus of Elasticity E

(N/mmm?2) 9646.8 4525.2 4656.6
Stdev 519.5 199.8

Width (mm) 15 15.0

Breadth (gm) 82 86.0

Grammage (gqsm) 72 62.1

Moisture absorption at 50 % RH,

23°C 9.7 9.0

Air permeance (ml/min) 287

Bendtsen roughness (ml/min) 512

Shape Factor () 94.5 87.5

Average fibre length, mm 0.816 0.9

Average fibre width, pm 22.4 21

Example 22. The effect of fibre on the air permeance of paper

[0118] The effect of the organosolv fibres according to the invention on the air permeance of paper has been shown
in bar charts according to Figure 8.

[0119] The test sequence is cooked birch according to example 1. Reference point is a commercial birch pulp. The
permeability and smoothness of the sheet correlate to a certain degree with each others; some kind of on optimum, in
accordance of these variables, would seem to correspond to 48 to 50 % fibre yield such as in example 4.

Example 23. The effect of laccase reactivity of the fibre on the strength of the sheet

[0120] In diagram (Figure 9) is shown the possibilities of using laccase enzyme for improving the characteristics if
cardboard of papers produced from organsolv fibres according to the invention.

[0121] Results are shown in the bar chart of Figure 10. Colum of sample N1 depicts the tensile strength of reference
paper sheet made form present organosolv fibre (T. Strength = tensile strength) and column of the sample N2 the tensile
strength of paper sheet made from organosolyv fibre treated with laccase enzyme. The laccase treatment of the fibres
was performed in the sheet mould with laccase dosing or 500 nkat/g of dry fibre. According to the obtained results, the
tensile strength of the paper produced from organosolv fibre made according to the invention could be increased clearly
with the laccase treatment.

Example 24. Use of fibres as reinforcement of plastics

[0122] The fibre was washed with water according to example 5. Cellulose ester plastics was commercial cellulose
triacetate softened with 50 php of triethylcitrate (TEC).

[0123] In Figure 11A, CA-RM represents cellulose acetate plastics organosolv birch fibre (example 5) compound, CA-
RM reed canary grass the fibre produced according to example 10. Birch cellulose I, birch cellulose Il and birch cellulose
Il represent birch sulphate cellulose fibre taken from different process steps. Birch cellulose 1 - after sulphate cooking,
birch cellulose Il - before the bleaching and birch cellulose Il - bleached pulp.

[0124] In Figure 11B are presented yield strength comparisons. The sample codes are the same as in Figure 11A.

14
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Figure 11C depicts comparisons of breaking strength. The sample codes are the same as in Figure 11A

[0125] The strength of cellulose acetate fibre compounds are generally better than with reference pulps.

[0126] As a whole, the birch fibres produced by the process according to the invention gave a comparable result
compared to the birch sulphate cellulose, when they are used as reinforcement for PLA. A remarkable improvement
was achieved very especially on the breaking strength with 20 % proportion of the inventive birch fibre compared to
birch sulphate cellulose pulp taken any one of the process steps.

Testing conditions

[0127] Blends have been compounded with a Brabender batch mixer intended for laboratory use, while using Nocke’s
tip mixing arms (volume of 80 cm3). Temperatures in the cellulose acetate mixtures were 220 °C and PLA in the mixtures
were 190 °C.

[0128] Testing poles ("dog-bones") are produced with a Therino Haake MiniJet injection moulding apparatus. Injection
pressure 600 to 700 bar, injection time 3 to 5 s, exit pressure 320 to 400 bar, exit time 15 to 30 s. Temperature of the
mould with cellulose-acetates 40 to 50 °C, with PLA 25 to 30 °C.

Analyses

[0129] The mechanical properties of the testing poles were tested with a testing machine (Instron). PLA + RM birch
test poles have not been kept according to the standard for five days in condition cupboard but the samples have been
tested immediately after making then. Due to the crystallinity of PLA the results of these testing poles may improve while
PLA crystallises. On the other hand, the poles have hydrophilic fibres that may waken the mechanical properties while
absorbing moisture.

Example 25. Production of reed canary grass fibre at a low water concentration

[0130] Straw of reed canary grass, 55.1 g (dry matter concentration 90.8 %) was cooked 6.5 h at a temperature of
110 °C in a cooking solution, having a composition of 684 g of acetic acid and 60 g of phosphinic acid and 60 g of water.
Taking the moisture of straw in to account the water concentration of the mixture is 9.1 %. During the reaction time straw
softened and degraded into fibres. Purification of the pulp was carried out with a process according to example 1. The
yield of fibre calculated as dry matter was 54 %. Lignin was isolated from acetic acid with a process according to example
13.

Claims

1. Process for defibering a fibrous raw-material, according to which process a raw-material is contacted with a cooking
liquor that contains an organic solvent to produce a defibrated pulp, characterized in that the cooking liquor contains
hypophosphoric acid or a corresponding reducing phosphoric acid derivative.

2. The process according to claim 1, characterized in that the cooking liquor contains by its weight about 0.01 to 10
%, preferably about 0.1 to 5 %, of hypophosphorus acid, or it contains by dry weights of raw-materials about 0.1 to
50 %, in particular about 0.5 to 20 %, of hypophosphoric acid.

3. The process according to claim 1 or 2, characterized in that the used cooking liquor is recycled possibly without
removing the dissolved components.

4. The process according to any of claims 1 to 3, characterized in that the cooking liquor contains a polar organic
solvent, which preferably is an acid, such as formic acid or acetic acid or a mixture thereof, or an alcohol, such as
methanol, ethanol, n-propanol, isopropanol, 1,2-ethanediol, propanediol or glycerol, or a mixture of two or more
alcohols, or a C4_g-alkanoic acid, C4_g-alkanol or a polyol or an aromatic alcohol, having a hydrocarbon residue, that
contains 6 to 10 carbon atoms or a mixture thereof, is used as organic solvent, wherein most suitably the cooking
liquor comprises a mixture of water and an organic solvent that forms one phase during the cooking.

5. The process according to any of the previous claims, characterized in that the raw-material is treated in a cooking
solution at a temperature of about 50 to 120 °C, in particular about 70 to 110 °C.

6. The process according to any of the previous claims, characterized in that the raw-material has been obtained
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from annual or perennial plants, in particular the raw-material is straw of an annual plant or wood, which has possibly
been pretreated, preferably so that the raw-material has been refined, chipped or milled to sawdust, or it has been
classified to enrich the desired part.

The process according to any of previous claims, characterized in that lignin-containing raw-material is defibrated
until at least about 40 % of dry matter thereofis dissolved into the cooking liquor, preferably raw-material is defibrated,
until in the fibres about 1 to 20 weight-% of the original lignin remains, in particular defibering is continued, until the
lignin concentration of the pulp is about 1 to 5 % of dry weights of the pulp, more preferably so that the lignin
concentration of the pulp at least substantially corresponds to Klason’s lignin, most suitably lignin-containing raw-
material is defibrated until at least about 45 to 52 % of the dry matter thereof is dissolved into the cooking liquor,
which defibering of the raw-material preferably is carried out at less than 20 %, preferably less than 10 % total
moisture content.

Pulp produced by the process according any one of the previous claims.
Use of pulp according to claim 8 for producing paper or cardboard.

Use of pulp according to claim 8 as a fibre component in composite materials, in particular with biopolymer based
matrix.

Process for recovering lignin from lignin-containing fibrous raw-material, according to which process lignin is dis-
solved into a cooking liquor, from which it is separated, characterized in that

-the raw-material is treated with a pulping liquor that contains an organic solvent, which contains hypophosphoric
acid or a corresponding reducing phosphoric acid derivative, and
- lignin dissolved into the cooking liquor is precipitated from the solvent with water.

The process according to claim 11, characterized in that the pH of lignin to be precipitated is adjusted to a value
of about 4.5 to 6.0, in particular to a value of about 5.0 to 5.5.

The process according to claim 11 or 12, characterized in that the lignin is reactive in an oxidation reaction catalyzed
by laccase, or the lignin is reactive with oxidative chemicals, whereby the process optionally includes recovering
reactive nanoparticles which contain about 0.1 to 5 %, in particular about 1 %, of chemically bound phosphorus,
preferably recovering lignin which contains chemically bound phosphorus, amounting to > 1 %, wherein the polymeric
derivative is useful e.g. as an ion exchange resin or as a metal cation trap.

A process for recovering hemicellulose from a lignin-containing fibrous raw-material, according to which process
the fibrous raw-material is treated with a cooking solution to dissolve lignin, characterized by

- using a cooking liquor which contains hypophosphoric acid or a corresponding reducing phosphoric acid
derivative;

- continuing cooking until at least about 20 % of the raw-material has been dissolved;

- optionally separating raw-material from the cooking liquor;

- treating it with an alkali to dissolve hemicellulose, and subsequently

- separating hemicellulose from the alkali.

The process according to claim 14, characterized by using aqueous alkali or alkali earth metal hydroxide solution,
having molality of about 0.1 - 5 M, as alkali, after which hemicellulose is separated from the alkali solution, most
suitably by precipitating or by a membrane, which alkali treatment optionally is preceded by a step of separating
from the fibrous raw-material a significant part of lignin contained in it, and then extracting from the treated fibrous
raw-material with an alkali solution at least about 50 weight-% of hemi-cellulose it contains.

Patentanspriiche

1.

Verfahren zur Zerfaserung eines faserigen Rohmaterials, wobei verfahrensgemaR ein Rohmaterial mit einer Koch-
lauge, welche ein organisches Lésungsmittel enthalt, in Kontakt gebracht wird, um eine zerfaserte Pulpe herzustellen,
dadurch gekennzeichnet, dass die Kochlauge Hypophosphorsaure oder ein entsprechendes reduzierendes Phos-
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phorsaurederivat enthalt.

Das Verfahren gemafl® Anspruch 1, dadurch gekennzeichnet, dass die Kochlauge etwa 0,01 bis 10 Gew.-%,
bevorzugt etwa 0,1 bis 5 Gew.-% Hypophosphorsaure enthalt oder sie auf Basis der Trockengewichte der Rohma-
terialien etwa 0,1 bis 50%, im Besonderen etwa 0,5 bis 20 %, Hypophosphorsaure enthalt.

Das Verfahren gemaf Anspruch 1 oder 2, dadurch gekennzeichnet, dass die verwendete Kochlauge wiederver-
wendet wird, wenn mdéglich, ohne die gelésten Komponenten zu entfernen.

Das Verfahren gemafR einem der Anspriiche 1 bis 3, dadurch gekennzeichnet, dass die Kochlauge ein polares
organisches Ldsungsmittel enthalt, welches bevorzugt eine Saure, wie Ameisensaure oder Essigsdure oder ein
Gemisch davon, oder ein Alkohol, wie Methanol, Ethanol, n-Propanol, Isopropanol, 1,2-Ethandiol, Propandiol oder
Glyzerin, oder ein Gemisch aus zwei oder mehreren Alkoholen, ist oder eine C,_g-Alkans&ure, ein C,_g-Alkanol oder
ein Polyol oder ein aromatischer Alkohol, welcher einen Kohlenwasserstoffrest, der 6 bis 10 Kohlenstoffatome
enthalt, aufweist, oder ein Gemisch davon als organisches Lésungsmittel verwendet wird, wobei die Kochlauge am
geeignetsten ein Gemisch aus Wasser und einem organischen Lésungsmittel, das eine Phase wahrend des Auf-
schlusses bildet, umfasst.

Das Verfahren gemaf einem der vorherigen Anspriiche, dadurch gekennzeichnet, dass das Rohmaterial in einer
Kochldsung bei einer Temperatur von etwa 50 bis 120°C, im Besonderen etwa 70 bis 110°C, behandelt wird.

Das Verfahren gemafl einem der vorherigen Anspriiche, dadurch gekennzeichnet, dass das Rohmaterial aus
einjahrigen oder mehrjahrigen Pflanzen erhalten wurde, im Besonderen das Rohmaterial Stroh einer einjahrigen
Pflanze oder eines einjahrigen Holzes ist, welches méglicherweise vorbehandelt wurde, vorzugsweise so, dass das
Rohmaterial gereinigt, zu Sdgemehl zerhackt oder zerkleinert wurde oder es klassifiziert wurde, um den gewtiinschten
Teil anzureichern.

Das Verfahren gemaR einem der vorherigen Anspriiche, dadurch gekennzeichnet, dass ligninhaltiges Rohmaterial
zerfasert wird, bis mindestens etwa 40% der Trockenmasse davon in der Kochlauge geldst sind, bevorzugt, Roh-
material zerfasert wird, bis inden Fasern etwa 1 bis 20 Gew.-% des urspriinglichen Lignins verbleiben, im Besonderen
das Zerfasern fortgesetzt wird, bis die Ligninkonzentration der Pulpe etwa 1 bis 5 % des Trockengewichts der Pulpe
betragt, starker bevorzugt, so dass die Ligninkonzentration der Pulpe mindestens im Wesentlichen der des Klason-
Lignins entspricht, am Besten geeignet ligninhaltiges Rohmaterial zerfasert wird, bis mindestens etwa 45 bis 52%
der Trockenmasse davon in der Kochlauge geldst sind, wobei die Zerfaserung des Rohmaterials bevorzugt bei
weniger als 20%, bevorzugt weniger als 10%, Gesamtfeuchtigkeitsgehalt durchgefiihrt wird.

Pulpe, die durch das Verfahren gemaf einem der vorherigen Anspriiche hergestellt wird.
Verwendung der Pulpe gemal Anspruch 8 zur Herstellung von Papier oder Pappe.

Verwendung der Pulpe gemal Anspruch 8 als eine Faserkomponente in Verbundmaterialien, im Besonderen mit
einer Matrix auf Biopolymerbasis.

Verfahren zur Gewinnung von Lignin aus ligninhaltigem faserigen Rohmaterial,
wobei verfahrensgemaf Lignin in einer Kochlauge gelést wird, aus welcher es abgetrennt wird, dadurch gekenn-
zeichnet, dass

- das Rohmaterial mit einer Aufschlussflissigkeit, die ein organische Lésungsmittel, welches Hypophosphor-
saure oder ein entsprechendes reduzierendes Phosphorsaurederivat enthalt, behandelt wird, und
- Lignin, das in der Kochlauge geldst ist, aus dem Losungsmittel mit Wasser gefallt wird.

Das Verfahren gemaR Anspruch 11, dadurch gekennzeichnet, dass der pH des zu fallenden Lignins auf einen
Wert von etwa 4,5 bis 6,0, im Besonderen auf einen Wert von etwa 5,0 bis 5,5, eingestellt wird.

Das Verfahren gemaf Anspruch 11 oder 12, dadurch gekennzeichnet, dass das Lignin in einer durch Laccase
katalysierten Oxidationsreaktion reaktiv ist oder das Lignin mit oxidativen Chemikalien reaktiv ist, wobei das Ver-
fahren gegebenenfalls das Gewinnen von reaktiven Nanoteilchen, welche etwa 0,1 bis 5%, im Besonderen etwa
1%, an chemisch gebundenem Phosphor enthalten, bevorzugt Gewinnen von Lignin, welches chemisch gebundenen
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Phosphor enthalt, der > 1% ausmacht, einschlielt, wobei das polymere Derivat z.B. als ein lonenaustauschharz
oder als ein Metallkationfanger nitzlich ist.

Ein Verfahren zur Gewinnung von Hemicellulose aus einem ligninhaltigen faserigen Rohmaterial, wobei verfahrens-
gemal das faserige Rohmaterial mit einer Kochlésung behandelt wird, um Lignin zu 16sen, gekennzeichnet durch

- Verwenden einer Kochlauge, welche Hypophosphorsaure oder ein entsprechendes reduzierendes Phosphor-
saurederivat enthélt;

- Fortsetzen des Aufschlieens, bis mindestens etwa 20% des Rohmaterials gelést wurde;

- gegebenenfalls Trennen des Rohmaterials von der Kochlauge;

- Behandeln dieser mit einem Alkali, um Hemicellulose zu I6sen, und nachfolgend

- Trennen der Hemicellulose von dem Alkali.

Das Verfahren gemaR Anspruch 14, gekennzeichnet durch Verwenden einer wassrigen Alkali- oder Erdalkalime-
tallhydroxidlésung, welche eine Molalitdt von etwa 0,1 bis 5 M aufweist als Alkali, wonach die Hemicellulose von
der Alkalildsung getrennt wird, am besten geeignet durch Ausfallen oder durch eine Membran, wobei der Alkali-
behandlung gegebenenfalls ein Schritt des Abtrennens vom faserigen Rohmaterial eines wesentlichen Teils an
Lignin, das in diesem enthalten ist, vorausgeht, und dann Extrahieren aus dem behandelten faserigen Rohmaterial
mindestens etwa 50 Gew.-% der Hemicellulose, die es enthalt, mit einer Alkalildsung.

Revendications

Procédé de défibrage d’'une matiere premiére fibreuse, dans lequel une matiére premiére est mise en contact avec
une liqueur de cuisson qui contient un solvant organique pour obtenir une pate défibrée, caractérisé en ce que la
liqueur de cuisson contient de I'acide hypophosphorique ou un dérivé d’acide phosphorique réducteur correspondant.

Procédé selon la revendication 1, caractérisé en ce que la liqueur de cuisson contient en poids de celle-ci environ
0,01 a 10%, de préférence environ 0,1 a 5%, d’acide hypophosphoreux, ou contient en poids secs de matiéres
premieres, environ 0,1 a 50 %, en particulier environ 0,5 a 20 %, d’acide hypophosphorique.

Procédé selon les revendications 1 ou 2, caractérisé en ce que la liqueur de cuisson usée est recyclée éventuel-
lement sans éliminer les composants dissous.

Procédé selon 'une quelconque des revendications 1 a 3, caractérisé en ce que la liqueur de cuisson contient un
solvant organique polaire, qui de préférence est un acide, tel que I'acide formique ou I'acide acétique ou un mélange
de ceux-ci, ou un alcool, tel que le méthanol, I'éthanol, le n-propanol, I'isopropanol, le 1,2-éthanediol, le propanediol
ou le glycérol, ou un mélange de deux alcools ou plus, ou en ce qu’un acide alcanoique C4_, un alcanol C,_g ou
un polyol ou un alcool aromatique, ayant un résidu hydrocarbure, qui contient 6 & 10 atomes de carbone ou un
mélange de ceux-ci, est utilisé a titre de solvant organique, dans lequel de maniére préférée entre toutes, la liqueur
de cuisson comprend un mélange d’eau et de solvant organique qui forme une phase pendant la cuisson.

Procédeé selon I'une quelconque des revendications précédentes, caractérisé en ce que la matiére premiére est
traitée dans une solution de cuisson a une température d’environ 50 a 120 °C, en particulier d’environ 70 a 110 °C.

Procédé selon I'une quelconque des revendications précédentes, caractérisé en ce que la matiére premiére a été
obtenue a partir de plantes annuelles ou pérennes, en particulier, la matiére premiére est sous forme de paille de
plante annuelle ou de bois, qui ont éventuellement été prétraitées, de préférence, de fagon que la matiere premiere
ait été affinée, hachée ou broyée jusqu’a obtention d’'une sciure, ou ait été triée pour enrichir la partie souhaitée.

Procédé selon I'une quelconque des revendications précédentes, caractérisé en ce qu’une matiere premiére
contenant de la lignine est défibrée jusqu’a dissolution d’au moins environ 40 % de sa matiére séche dans la liqueur
de cuisson, de préférence en ce que la matiére premiére est défibrée jusqu’a ce qu’il subsiste dans les fibres environ
1 a 20 % en poids de la lignine originale, en particulier en ce que le défibrage est poursuivi jusqu’a ce que la
concentration de lignine de la pate soit d’environ 1 a 5 % en poids sec de la pate, plus préférablement de fagon que
la concentration de lignine de la pate corresponde au moins sensiblement a la lignine de Klason, et de maniére
préférée entre toutes, en ce que la matiére premiére contenant de la lignine est défibrée jusqu’a dissolution d’au
moins environ 45 a 52 % des matiéres séches dans la liqueur de cuisson, le défibrage de la matiére premiere étant
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de préférence mis en oeuvre a une teneur d’humidité totale inférieure a 20 %, de préférence inférieure a 10 %.
Pate produite par le procédé selon I'une quelconque des revendications précédentes.
Utilisation de la pate selon la revendication 8 pour produire du papier ou du carton.

Utilisation de la pate selon la revendication 8 a titre de composant fibreux dans des matériaux composites, en
particulier, avec une matrice a base d’un biopolymere.

Procédé de récupération de la lignine a partir d’'une matiere premiére fibreuse contenant de la lignine, dans lequel
la lignine est dissoute dans une liqueur de cuisson, dont elle est séparée, le procédé étant caractérisé en ce que

- la matiere premiére est traitée avec une liqueur d’'empéatage qui contient un solvant organique, qui contient
de l'acide hypophosphorique ou un dérivé d’acide phosphorique réducteur correspondant, et
- la lignine dissoute dans la liqueur de cuisson est précipitée a partir du solvant avec de 'eau.

Procédé selon la revendication 11, caractérisé en ce que le pH de la lignine qui doit étre précipitée est ajusté a
une valeur d’environ 4,5 a 6,0, en particulier a une valeur d’environ 5,0 a 5,5.

Procédé selon les revendications 11 ou 12, caractérisé en ce que la lignine est réactive dans une réaction d’oxy-
dation catalysée par une laccase, ou en ce que la lignine est réactive avec des agents oxydants, par lequel le
procédé comprenant éventuellement la récupération des nanoparticules réactives qui contiennent environ 0,1 a 5
%, en particulier environ 1 %, de phosphore chimiquement li¢, de préférence la récupération d’une lignine qui
contient du phosphore chimiquement lié, s’élevant a > 1 %, dans lequel le dérivé polymére étant utile, par exemple,
a titre de résine échangeuse d’ions ou a titre de piege a cations métalliques.

Procédé de récupération d’hémicellulose a partir d’'une matiére premiére fibreuse contenant de la lignine, dans
lequel la matiere premiére fibreuse est traitée avec une solution de cuisson pour dissoudre la lignine, le procédé
étant caractérisé par

-I'utilisation d’'une liqueur de cuisson qui contient de I'acide hypophosphorique ou un dérivé d’acide phosphorique
réducteur correspondant ;

- la poursuite de la cuisson jusqu’a la dissolution d’au moins environ 20 % de la matiére premiére ;

- éventuellement, la séparation de la matiére premiéere et de la liqueur de cuisson ;

- son traitement avec un alcali pour dissoudre I'hémicellulose, puis

- la séparation de I'hémicellulose et de I'alcali.

Procédé selon la revendication 14, caractérisé par I'utilisation d’une solution aqueuse d’hydroxyde de métal alcalin
ou alcalino-terreux, ayant une molalité d’environ 0,1 a 5 M, a titre d’alcali, puis par la séparation de 'hémicellulose
et de la solution alcaline, de maniére préférée entre toutes par précipitation ou par une membrane, le traitement
avec un alcali étant éventuellement précédé d’une étape de séparation de la matiére premiére fibreuse d’une partie
significative de la lignine qu’elle contient, puis par I'extraction a partir de la matiere premiére fibreuse traitée avec
une solution alcaline d’au moins environ 50 % en poids de I'hémicellulose qu’elle contient.
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