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(57) Abstract: The invention relates to a method for isolating xylan from plant
material. In the method, cellulose fibres which contain xylan are used, advantage-
ously cellulose fibres from hardwood; and xylan is extracted (20) from said cellu-
lose fibres by means of sodium hydroxide for forming an extract solution (17)
that contains xylan; cellulose fibres are removed from said mixture that contains
cellulose tibres and extract solution (17), for isolating said extract solution from
said mixture; carbon dioxide (14) is added to said extract solution (17) for isolat-
ing xylan, wherein liquid brightener (18) and precipitated xylan (12) are formed,
calcium hydroxide (16) is added to said isolated brightener (18), for forming pre-
cipitated calcium carbonate and liquid sodium hydroxide (15); and sodium hy-
droxide is removed from said mixture that contains sodium hydroxide and precip-
itated calcium carbonate, for isolating calcium carbonate from said mixture. Fur-
thermore, the invention relates to a system for isolating xylan from plant material,
and to xylan, calcium carbonate, cellulose tibre and use of xylan.
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A METHOD AND A SYSTEM FOR ISOLATING XYLAN FROM PLANT
MATERIAL, AS WELL AS XYLAN, CALCIUM CARBONATE, AND
CELLULOSE FIBRE

Field of the invention

The invention relates to a method and a system for isolating xylan from plant
material, and xylan. The invention also relates to calcium carbonate and cel-
lulose fibre. The invention further relates to the use of xylan prepared by a
method according to the invention as an auxiliary agent or additive, prefer-
ably in the manufacture of cellulose based fibre, in papermaking, in a food
product, or in a cosmetics product, as well as the use of xylan as a thickening
agent, an emulsifier or a coating agent. ‘ '

Background of the invention

Hemicelluloses. are heteropolysaccharides which are present in plants and
are typically water soluble and amorphous. Together with lignin they control
the water content in the cell walls of plants. The content and composition of
hemicelluloses vary between different plants. For example in trees, the con-
tent of hemicellulose is typically about 20 to 35 weight percent of the dry
weight of the wood, and the main types of wood hemicelluloses are gluco-
mannan and xylan. In industry, hemicelluloses can be used'as such or they
can be refined to e.g. sugars. The use of hemicelluloses is limited by the fact
that is typically difficult to isolate them from plant material with a godd yield.

Brief summary of the invention

The present invention discloses a new method and system for isolating xylan
from plant material, preferably hardwood, as well as xylan, cellulose fibre and
calcium carbonate isolated by the method. Further, the use of xylan isolated
by a method according to the invention as an additive, preferably in the
manufacture of cellulose based fibre, in papermaking, in a food product, or in
a cosmetics product, as well as the use of xylan isolated by the method
according to the invention as a thickening agent, an emulsifier or a coating
agent are disclosed. . N
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The present invention makes it possible to isolate xylan from plént material
that contains xylan, in a cost efficient way. In the approach according to the
invention, inexpensive substances such as sodium hydroxide (NaOH), car-
bon dioxide (CO;) and calcium hydroxide (Ca(OH),) are typically used for
isolating xylan from plant material.

The method according to the invention for isolating xylan will be presented in
claim 1. The xylan according to the invention will be presented in claim 9.
The cellulose fibre according to the invention will be presented in claim 10.
The calcium carbonate according to the invention wili be presented in
claim 11. The system according to the invention for isolating xylan will be
presented in claim 12. The use of xylan according to the invention will be
presented in claims 13 to 17. ’ :

The method according to the invention comprises one or more of the steps
listed hereinbelow: In other words, the invention comprises one, two, three,

- four, five, six, seven, eight, nine, ten, eleven, or all the twelve steps described

below:

- Alkali extraction of cellulose fibres. In alkali extraction, xylan is
extracted from cellulose fibres to an extraction solution, i.e. so-called
solvent, by means of sodium hydroxide. Thus, xylan is transferred to
the extraction solution used for extraction. Consequently, the resuilting
extract solution comprises both extraction solution and xylan dissolved
in it . '

- The step of isolating cellulose fibres, in which cellulose fibres are iso-
lated from the extract solution that contains xylan and sodium hydrox-

' ide. "

- The step of washing cellulose fibres.

- The step of precipitating xylan. In this step, xylan in the extract: solu-
tion is precipitated by means of carbon dioxide. As a result of the pre-
cipitation, precipitated xylan and so-called brightener are obtained.

- The step of isolating precipitated xylan, in which xylan is isolated from
said mixture that comprises brightener and precipitated xylan.

- Purifying precipitated xylan, which may comprise one or more washing
steps.
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Increasing the dry content of precipitated xylan.

The step of precipitating calcium carbonate. In this step, calcium
hydroxide is added to said brightener, for precipitating calcium car-
bonate. As a result of the reaction, sodium hydroxide is also formed.
The step of isolating precipitated calcium carbonate. In this step, cal-
cium carbonate is isolated from sodium hydroxide.

Purifying precipitated calcium carbonate, which may comprise one or
more washing steps.

Purifying sodium hydroxide, i.e. increasing the degree of purity and/or
the concentration of sodium hydroxide.

Recirculating sodium hydroxide, in which step sodium hydroxide is
recirculated to e.g. the step of extracting xylan. '

The system according to the invention comprises:

Extracting equipment for extracting xylan by means of sodium hydrox-
ide in-such a way that an extract solution compnsmg xylan and sod|um
hydroxide is formed, and/or -
First isolating means for isolating cellulose fibres from the extract solu-
tion, and/or - '
First washing means for washing cellulose fibres, and/or

First adding means for adding carbon dioxide to the-extract solution,
for precipitating xylan and for converting the extract solution into a
brightener, and/or

Second isolating means for isolating precipitated xylan from the bright-
ener, and/or

- Second washing means for increasing the degree of purity of precipi-

tated xylan, and/or

First drymg means for increasing the dry content of prec:pltated xylan,
and/or

Second adding means for adding calcium hydroxide and for precipitat-
ing calcium carbonate as well as for forming sodium hydroxide, and/or
Third isolating means for isolating precipitated calcium carbonate from
the mixture, and/or ' ‘

Third washing means for increasing the degree of purity of calcium
carbonate, and/or
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- Second drying means for increasing the dry content of precipitated
calcium carbonate, and/or

- Means for increasing the degree of purity and/or the concentration of
sodium hydroxide, for example means for implementing nanofiltration
and/or evaporation, and/or

- Recirculating means for recirculating sodium hydroxide. Preferably,
sodium hydroxide is recirculated back to the step of extracting xylan.

In the method according to the invention, xylan is isolated from plant material
that contains xylan, advantageously from hardwood. Preferably, xylan is iso-
lated from birch and/or eucalyptus. The plant material, from which xylan is
isolated, is preferably chemically treated for reducing the content of lignin. In
other words, the material is preferably chemically defibrated cellulose fibre or
so-called pulp. '

Thanks to the sodium hydroxide used in the extraction, a sufficient content of
xylan can be dissolved into the extraction solution and clearly better com-
pared with, for example, dissolving xylan by means of calcium hydroxide: By
the method according to the invention, it is possible to achieve an‘industriany
applicable, cost effective process for isolating xylan from plant material that
contains xylan, preferably from hardwood. Precipitated calcium carbonate
and cellulose fibres are also obtained as products in the same process.
Advantages of the invention include, among other things, typically .cheap
auxiliary chemicals, such as CO,, Ca(OH). and alum which may be used as
an auxiliary in the flocculation of xylan, as well as the recyclability of NaOH
used in the extraction of the pulp, for re-use.

Xylan prepared by the method according to the invention can be used, for
example, as an auxiliary agent in the process of manufacturing paper or
paperboard. Xylan can also be used, for example, in a food prdduct,‘ in a
cosmetics product, as a thickening agent, as an emulsifier, or as a coating
agent.
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Description of the drawings

In the following, the invention will be described in more detail with reference
to the appended drawing, in which

Fig. 1 shows a system according to an embodiment for isolating xylan,
in a reduced schematic view.

Detailed description of the invention

In this application, reference is made to Fig. 1, in which the following refer-
ence numerals are used:

10  cellulose fibres which contain xylan,

11 cellulose fibres having a reduced xylan content,
12 precipitated xylan,

13  precipitated calcium carbonate CaCOs3,

14  carbon dioxide COx,

15  sodium hydroxide NaOH,

16 calcium hydroxide,

17 extract solution,

18  brightener which contains sodium carbonate Na,COs,
20 alkali extraction, '

21 isolation of cellulose fibres,

22 precipitation of xylan,

23 isolation of xylan,

24  precipitation of calcium carbonate, and

25 isolation of calcium carbonate.

In the present application, the term "extraction solution" refers to the solution
used for extraction, the so-called solvent, into which one or more compounds
are transferred from the source material during the extraction. The extraction
solution used is sodium hydroxide 15.

In the present application, the term “extract solution” 17 refers to the solution
that contains said extraction solution and xylan.
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In the present application, the term “brightener" 18 refers to the solution that
contains sodium carbonate.

In the present application, the term "xylan-containing cellulose fibre" 10 refers
to untreated plant fibres that contain xylan. Most advantageously, the cellu-
lose fibres are softwood fibres, preferably birch fibres and/or eucalyptus
fibres. The proportion of hardwood fibres is advantageously at least 80%,
more advantageously at least 90% of all the cellulose fibres. Xylan is natu-
rally present, among other things, in the inner parts of hardwood fibres. The
content of birch fibres and/or eucalyptus fibres (in dry content) is advanta-
geously at least 50 wt%, more advantageously at least 70 wt% and most
advantageously at least 90 wt% of all the cellulose fibres. Advantageously,
cellulose fibres from hardwood, preferably birch and/or eucalyptus, are used.

Bleached birch pulp is an excellent source of xylan. In birch, xylan is particu-
larly pure, because 98% of the hemicelluloses in birch consist of xylan. Fur-
thermore, birch has an exceptionally high content of xylan, and therefore the
yield of xylan obtained from birch is high, up to about 10% of-the dry content
of the wood. Thanks to this, for example hardwood pulp consisting of unre-
fined or slightly refined chemically defibrated wood fibres can be used in the
approach ac‘Cordihg to the invention. o

The cellulose fibres according to the invention may comprise unrefined,
slightly refined, and/or wet beaten cellulose fibres. According to an advanta-
geous example, the Schopper-Riegler (SR) value of the cellulose pulp used
as the fibre raw material is in the range of 10 to 40, for example 15 to 30.

In the alkali extraction step 20, cellulose fibres are extracted with sodium
hydroxide 15 for dissolving xylan from said fibres in the extraction solution,
wherein xylan from the cellulose fibres is dissolved in the extraction solution.
Thus, xylan is typically dissolved from the inner parts of the fibres as well.
Cellulose fibres made by the method according to the invention have a
reduced xylan content. According to an advantageous example, the extrac-
tion of xylan is continued until 2 to 100%, more advantageously 5 to 50%,
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and preferably 7 to 25% of the xylan in the fibres has been extracted from the
fibres into the extraction solution.

According to an advantageous example, the extraction 20 is performed at a
fibre consistency of about 10%, for example 3 to 25%. In an example, the
extraction 20 is performed at a fibre consistency of 3 to 5%. In another
example, the extraction 20 is performed at a fibre consistency of 5to 15%.

In the approach according to the invention, xylan is extracted from celiulose
fibres by using sodium hydroxide 15. Advantageously, the extraction 20 is
performed with 0.25 to 1.25 M sodium hydroxide (NaOH), more advanta-
geously with 0.5 to 1.0 M sodium hydroxide. In an advantageous example,
the extraction time at room temperature (for example, at the temperature of
18 to 27°C) is about one hour, for example 45 to 90 minutes. The pH of the
mixture formed after the extraction may be, for example, about 12 to 13.

After this, the extract solution 17 that contains xylan is isolated from the cel-
lulose fibres. This isolation 21 of the cellulose fibres can be carried out, for
example, by -using a filter, such as a so-called wire cloth. The isolated cellu-
lose fibres 11 having a reduced xylan content are recovered, after which they
can be washed. Cellulose fibres made by the method according to the inven-
tion and having a low xylan content can be used, for-example, in a paper-
making process. ‘ o

Xylan is precipitated 22 by adding a gas that contains carbon dioxide 14,
preferably gaseous carbon dioxide 14, to the extract solution that-contains
xylan after the extraction. From the extract solution, xylan is typically precipi-
tated as a white polymer. Furthermore, as a result of the reaction, sodium
carbonate is formed as follows: R '

2 NaOH + COz (g) — NayCO3; (aq) + H20.

The degree of purity of the carbon dioxide 14 used for precipitating 22 xylan
is preferably between 10 and 100%. The precipitation 22 of xylan with carbon
dioxide 14 is performed in such a way that the precipitation step is started in
a strongly alkaline extraction solution. As the precipitation proceeds, the pH
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of the extraction solution decreases, thanks to the addition of carbon dioxide
14. Preferably, the pH of the mixture is maintained alkaline (pH>7) during the
whole precipitation of xylan. Advantageously, carbon dioxide 14 is added
until the pH of the mixture is between 7.5 and 10.5, preferably between 9 and
10. In an example, the precipitation 22 of xylan is intensified by adding a
component for intensifying the precipitation to the mixture. In an example, so-
called alum or cationic polyacrylamide (PAM) is added as a flocculating agent
to the solution.

After this, the remaining solution, i.e. the so-called brightener 18, and xylan

12 are separated from each other as well as possible in the xylan isolating

step 23. The step 23 of isolating precipitated xylan 12 can be carried out, for
example, by allowing the brightener 18 that contains precipitated xylan 12 to
settle for several hours, for example 1 to 8 hours. Thus, precipitated xylan 12
settles onto the bottom of the settling space, such as a container, from which
said settied xylan 12 is recovered. Alternatively, the step 23 of separating
précipitated xylan 12 can be carried out, for example, by centrifugation.. In
addition or alternatively, the step 23 of separating precipitated xylan 12 can
be carried out, for example, by applying a filtering technique.

The isolated precipitated xylan 12 can be treated further, for example, by
washing with a liquid, advantageously with water and/or acetone and/or eth-
anol. The precipitated xylan can also be subjected to a so-called dlalysns
treatment for removing salts

Finally, the dry content of xylan 12 is preferably increased'again until the dry
content reaches a predetermined level. Preferably, the drymg is carried out
by so-called spray and/or freeze drying. ' ‘

To the remaining brightener 18, calcium hydroxide 16 is added for precipitat-
ing 24 calcium carbonate. Preferably, the mixture is stirred after the addition
of calcium hydroxide 16. After this, the mixture can be allowed to settle.
Finally, the precipitated calcium carbonate precipitate 13 is isolated.

The content of calcium hydroxide to be 'added can be, for example, about
0.5 mol per mol of NaOH. In an example, the content of calcium hydroxide to
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be added is 0.2 to 1.0 mol per mol of NaOH. The addition of calcium hydrox-
ide 16 to the brightener 18 not only precipitates calcium carbonate but also
converts sodium carbonate, formed in connection with the precipitation of
xylan, into sodium hydroxide. The reaction, in which the calcium hydroxide 16
reacts with the formed sodium carbonate in such a way that precipitated cal-
cium carbonate (PCC) 13 and sodium hydroxide 15 are obtained as the final
products, is the following:

Na,CO3 + Ca(OH)2; — 2 NaOH + CaCO;,
As a result of the reaction, the pH typically rises to a value of about 13.

The reaction conditions, by which it is possible to affect the particle size'and
quality (temperature; pH, time, concentration, among other‘things) of PCC 13
are preferably determined in such a way that the desired, predetermlned par—
ticle size and shape of PCC 13 are obtained. A o

After the precipitation 24 of calcium carbonate, the dry contént of the precip-
itated calcium carbonate is increased; that is, sodium hydroxide 15 is
removed from the mixture, for isolation 25 of calcium carbonate. This can be
carried out, for example, by a filtering technique or by centrifugation. Prefera-
bly, the removed sodium hydroxide is recovered and recycled in part or in
whole.

The sodium hydroxide 15 recovered from the process can be re-used, for
example, for the extraction of xylan, or it can be conveyed to another pro-
cess, or it can be recovered for another further use. Said filtrate recovered
from thé process can be treated, to increase the degree of purlty of the
sodium hydroxrde

Thanks to the invention, it is possible to separate xylan from plant fibres;
preferably hardwood fibres. At the same time, in the process according to the
invention,  precipitated calcium carbonate and cellulose fibres may be pro-
duced for industrial needs. The sodium hydroxide 15 needed in the process
according to the invention can be recirculated at least partly in the process.
The method according to the invention is particularly suitable for isolating
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xylan from bleached birch pulp and/or eucalyptus pulp. In an example, the
extraction of xylan is performed in connection with the bleachlng of the fibre,
preferably in connection with the last bleaching step.

5 The inven’tion is not limited solely to the examples presented in Fig. 1 and in
the above description, but the invention is characterized in what will be pre-
sented in the following claims. '
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1. A method for isolating xylan from plant material, in which method cellulose
fibres that contain xylan are used, advantageously cellulose fibres from
hardwood, and which method comprises, in the following order:

- extracting (20) xylan from said cellulose fibres by means of sodium
hydroxide, for forming an extract solution (17) that contains xylan,

- removing cellulose fibres from said mixture comprising cellulose fibres
and extract solution (17), for isolating said extract solution (17) from
said mixture,

- adding carbon dioxide (14) to said extract solution (17) for precipitating
xylan, whereby liquid brightener (18) and precipitated xylan (12) are
formed,

- separating said brightener (18) from the mixture, for |solat|ng xylan
from said mixture, T . —

- adding calcium hydroxide (16) to said brightener (18), for forming
precipitated calcium carbonate and liquid sodium hydroxide (15), and

- removing sodium hydroxide from said mixture that contains sodium
hydroxide and precipitated calcium carbonate, for lsolatlng calcium
carbonate from-said mixture. ' ‘

2. The ‘method according to claim 1, characterized in that at least 90% of
said plant fibres are bleached, chemically pulped cellulose fibres from hard-
wood. ’

3. The method according to claim 1 or 2, characterized in that at least 50%
of said plant fibres are cellulose fibres from birch and/or eucalyptus. |

4. The method according to any of the preceding claims,: characterized in
that sodium hydrOX|de is recirculated for re-use in the process preferably for
extracting xylan

5. The method according to any of the preceding claims, characterized in
that the method comprises adding carbon dioxide for precnpntatlng xylan until
the pH of the mixture is between 7.5 and 10. Lo

PCT/FI2013/05033850338
21 MAY 2013



WO 2013/144446

10

15

20

25

30

35

PCT/F12013/050338 50338

21 MAY 2013

12

6. The method according to any of the preceding claims, characterized in
that the method is integrated in chemical pulping comprising one or more
bleaching steps, wherein said extraction (20) is performed in connection with
or after the last bleaching step of said cellulose fibres.

7. The method according to any of' the preceding claims, characterized in
extracting 5 to 50% of the xylan contained in said cellulose fibres.

8. The method according to any of the preceding claims, characterized in
that said cellulose fibres have been refined, and that the refining degree of
the cellulose fibres at the beginning of the extraction is between 10 and 40 in
the Schopper Riegler (SR) number scale. | \ )

9. Xylan produced by a method according to any of the claims 1 to 8.

10. Cellulose fibre produced by a method according to any of the claims 1 to
8.

11. Precipitated calcium carbonate produced by a method according to any
of the claims 1 to 8.

12. A system for isolating xylan from plant material that contanns xylan, the
system comprising TR
- extracting equipment for extracting xylan by means of sodium hydrox-
ide in such a way that an extract solution (17) comprusnng xylan and
sodium hydroxide is formed, ’
- first isolating means for isolating cellulose fibres from the extract solu-
tion, ‘ '
- first adding means for adding carbon dioxide to the extract solution for
precipitating xylan and for forming brightener (18) from the extract so-
lution, ~
- second isolating means for isolating precipitated xylan (12) from the
brightener (18),
- second adding means for adding calcium hydroxnde (16) wherein pre-
cipitated' calcium carbonate (13) and sodium hydroxide (15) are
formed, and S B
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- third isolating means for isolating precipitated calcium carbonate (13)
from the mixture.

13. The use of xylan made by a method according to any of the claims 1 to 8,
5 as an auxiliary agent in the manufacture of a celiulose based fibre.

14. The use of xylan made by a method according to any of the claims 1 to 8,
as an auxiliary agent in papermaking.

10  15. The use of xylan made by a method according to any of the claims 1 to 8,
as an additive in a cosmetics product.

16. The use of xylan made by a method according to ary of the claims 1 to:8,
as an additive in a food product.

15 _
17. The use of xylan made by a method according to any of the claims 1to 8,
as a thickening agent, an emulsifier, or a coating agent.
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