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METHOD FOR THE PREPARATION OF CELLULOSE ETHERS WITH A HIGH SOLIDS
PROCESS, PRODUCT OBTAINED AND USES OF THE PRODUCT

Field of the Invention

The present invention is related to a process that enables the production of alkali
cellulose in a water based (free of organic solvents) process as an intermediate and
further etherification of the cellulosic material to produce cellulose derivatives, especially
cellulose ethers. The cellulose ethers that can be made from the alkali cellulose include,
but are not restricted to/inter alia, carboxymethyl cellulose (CMC), carboxyethyl cellulose
(CEC), methyl cellulose (MC), ethyl cellulose (EC), hydroxyl ethyl cellulose (HEC), ethyl
hydroxyl ethyl cellulose (EHEC), hydroxyl propyl cellulose (HPC).

The etherified cellulosic material, for example carboxymethyl cellulose and especially the
corresponding sodium salt, herein after CMC, can be further used as raw material in a
process for microfibrillated or nanofibrillated cellulosic material (MFC or NFC,
respectively) as well as in other applications, wherein the use of CMC is beneficial for
achieving certain product properties, most often rheological properties.

Technical background of the invention

The carboxymethyl! cellulose sodium salt, CMC, is the most widely applicable cellulose
ether and it has also been produced in the largest quantity among water soluble cellulose
derivatives. CMC has traditionally been used for example as thickener or dispersant in
several different fields such as paper applications, detergents, personal care,
pharmaceutics, food and cosmetics applications as well as in oil drilling muds.

The properties of cellulose derivatives are affected by degree of substitution (DS),
distribution of substituents (in the case of CMC, carboxymethyl groups), degree of
polymerization (DP) of the cellulose backbone and molecular mass distribution. Cellulose
ethers are industrially being produced in heterogeneous reactions where solid alkali
swollen cellulose are treated with etherification reagents in organic solvent medium. The
alkali treatment, mercerization, is known to be a prerequisite for the etherification
reaction. Thus, as well as the etherification, also the mercerization conditions affect all of
the above mentioned characteristics (DS, distribution of substituents and also to some
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extent DP of the cellulose backbone) and thus it can be said that the mercerization step is
in key role regarding production and properties of cellulose ethers.

The industrial production methods for cellulose ethers, such as CMC, use dried and
milled cellulose as starting material and the production lines are not integrated to pulp
mills. One of the main reasons is that etherification reactions are condensation reactions
and the presence of water in the reaction generally causes low reaction efficiency by
consuming reagents to form by products. This is why the etherification reactions of
cellulose are generally prepared in organic solvent medium with low water content [1].

CMC is generally considered to be water soluble when the degree of substitution, DS, is
above 0.6. When the DS of CMC is < 0.3 the fibrous characters of cellulose are retained
and the produced CMC is non-water soluble. As indicated above, the solubility is
however not solely determined by the average DS, but also the other polymer
characteristics, distribution of substituents and degree of polymerization of the cellulose
backbone, affect the solubility as well as rheological properties.

There has been an increasing interest towards non-water soluble CMC (DS<0.3) as it has
been shown to have high potential as starting material for microfibrillated and
nanofibrillated cellulose. The microfibrillation or more over nanofibrillation of cellulose is a
costly process itself. The advantage of the use of carboxymethylated cellulose in MFC
production comes from significantly lower energy consumption in the processing as well
as improved properties in terms of strength, rheology and film forming properties [2].
Carboxymethylation would thus widen the end use application possibilities of MFC. Even
though the evident technical and property advantages, so far the low DS (DS<0.3) CMC
cost structure has not been on a reasonable level for commercial production of MFC or
NFC through this route.

CMC is produced commercially in a two stage slurry process that starts with the
mercerization stage, where the pulp is treated with alkali (NaOH) in a water/alcohol
medium, followed by an etherification stage in which monochloro acetic acid (MCA)
and/or it's sodium salt (NaMCA) is added to the pulp slurry. The chemical reactions
related to the carboxymethylation process are presented in formulas 1 to 4. The formula
(1) shows the formation of oxonium sodium hydroxide complex and water in between one
cellulose hydroxyl group and the sodium cation. In case NaMCA is used as reactant, the
reaction (2) does not occur (NaMCA is readily present), but if MCA is used as reagent,
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reaction (2) takes place. As MCA consumes part of the NaCOH in the reaction medium, the
amount of NaOH needs to naturally be adjusted according to the used etherification
reagent. The carboxymethylation presented in formula (3) is a nucleophilic substitution of
the oxonium sodium hydroxide completed with the alkyl halide, MCA. The etherification
reaction (3) is competing with the side reaction (4) where sodium glycolate salt is
produced. Reaction (3) can be generally applied by using alkyl halides with different size
and structure.

Main reactions in CMC synthesis (“Cell” indicates cellulose)

Mercerization (formation of alkoxide)

N Cell-OH + NaOH - Cell-O-Na* + H,0

Salt, NaMCA, formation (in case the use of MCA)

(2) NaCH + CICH,COOH - CICH,COONa'+ H,0
Etherification

(3) Cell-O'Na’ + CICH,COO'Na" > Cell-O-CH,COO'Na® + Na'Cl
Side reaction (most important) in CMC synthesis

4) 2NaOH + CICH,COOH - NaCl + HOCH,COO'Na® + H,0

In addition to the chemical reactions and steps presented above, the prior art production
process of CMC involves also several other steps starting with (i) dry milling of cellulose,
(i) suspending the cellulose powder in organic solvent reaction media, (iii) mercerizing
cellulose (iv) etherification with MCA and/or NaMCA, (v) neutralization and if needed,
washing to remove by-products, and (vi) drying and granulation of end product.

The process starts with dry milling of pulp, which is energy consuming and bears also a
prominent dust explosion risk. The following mercerization as well as etherification is
carried out as slurry processes using organic solvent/water mixtures. Different solvents
have been widely studied, the most common being alcohols like ethanol and 2-propanol.
Also other solvents and solvent mixtures, such as ethanol and benzene as well as
ethanol and acetone have been shown to be suitable for CMC synthesis [3]. The 2-
propanol solvent system is perhaps most widely used and has also been studied most
extensively [4]. In the slurry process the ratio of the cellulosic material to the solvents is
so low, that the slurry can easily be stirred with efficient blade mixer and pumped with
typical industrial pumps like centrifugal pumps provided with open impellers up to 13 to
15 wiw-% solid concentration. Further, the organic solvent content in the solvent/water
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mixture is typically high as it is beneficial for the reaction yield to have > 80 w-% of
organic solvent in the medium. The need to recover high volumes of organic solvents at a
CMC plant is evident and the highest investment costs in commercial CMC processes are
related to the high use of organic solvents and the resulted need for handling and
recovery of these flammable liquids.

After suspending the dry milled cellulose with the reaction solvent, the mercerization step
begins with introducing NaOH-water solution to the mixture. The concentration of NaOH
is typically around 45 to 50 w-%. It is well known and documented in several studies that
in order to achieve even swelling of the fibre and later substitution in the etherification
phase, the reaction medium needs to be cooled down in the mercerization step and for
the best result (even mercerization) the temperature should preferably be below 20 °C.
The time of which the reaction medium is kept at low temperatures is typically in between
30 and 120 minutes. In so called complete mercerization, the NaOH is penetrating the
cellulose fibres and in case the concentration of the NaOH in the reaction medium is high
enough (concentration depends of solvent medium, in case of pure water, the generally
accepted minimum concentration of NaOH is above 8 w-% of the water phase), it can
penetrate also the crystalline regions. The Na' ions are able to replace the cellulose
hydroxyl hydrogen according to equation (1) and alkalized cellulose is formed. The
formation of alkalized cellulose is a perquisite for the etherification reaction.

The next reaction step in the production of CMC is etherification which starts by the
addition of the etherification reagent (MCA and/or its sodium salt NaMCA). The
etherification reagent(s) are added typically as water solutions that can be around 70 to
80 w-%. After the addition of etherification reagent, the temperature is raised to the
reaction temperature, which is typically 65 to 75 °C and where reaction (3) will occur. This
temperature is held for 60 to 120 minutes. The side reaction (4) where sodium hydroxide
and MCA react with each other producing NaCl and sodium glycolate affects the reaction
efficiency (conversion rate of MCA to CMC).

The heating and reaction step is followed by neutralization step, where the possible left
over NaOH or MCA is neutralized. In case of producing salt free CMC, high quality or so
called pure grades, the next step is washing. The washing is carried out in alcohol-water
mixtures to avoid dissolving CMC in water. The washing can be carried out typically in a
belt filter, drum filter or press filter.
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From washing, the wet CMC goes to drying phase, where the remaining alcohol
solvents are removed with heat or steam. Before final drying the water containing

product is typically granulated to give a product that is easily handled.

It is evident that the traditional CMC production route needs complicated expensive
equipment as well as large investments and maintenance costs. The problem thus is
how to simplify this process in order to reduce costs and increase safety and
environmental impact are of high value. The problem is solved by the present

invention as will be described and claimed below.
Summary of the invention

The aim of this invention is to provide improved method for the preparation of

cellulose ethers.

An aspect of this invention is a method for the preparation of cellulose ethers from
moist, never dried, cellulosic material substantially without any organic solvents, that
is with at most very little organic solvents, at a high solid content. According to the
invention the method comprises an alkali treatment (mercerization) and an
etherification step, wherein the alkali treatment step is carried out with solid
(80-99.5 w/w-%) granulated or milled sodium hydroxide (NaOH) substantially without
use of organic solvents, and the material is mixed or otherwise worked (by
mechanical means), either continuously or at (certain) time intervals, during the alkali

treatment.

Further aspects of the invention are the use of material produced as described herein
for the production of microfibrillated cellulose and nanofibrillated cellulose and the
use of the material produced as herein described in paper applications, composites,

washing powders, oil drilling muds, and certain food and cosmetics applications.

Still further aspect of the invention is a product obtained by the method as described

herein.

CA 2869287 2019-03-29
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In a still further aspect, there is provided a method for the preparation of celiulose
ethers from moist, never dried pulp at a high solid content with a process that
comprises an alkali treatment and an etherification step, by carrying out the alkali
treatment with 80-99.5 w/w-% solid granulated or milled sodium hydroxide (NaOH)
substantially without use of any organic solvents, and mechanically working the
material continuously or at time intervals during the alkali treatment wherein the
content of the pulp at the alkali treatment step is over 20 w/w-% but less than
75 wiw-%.

General description of the invention

The present invention relates to both the mercerization stage and the etherification
stage of cellulose etherification process. The same reagents and reactions are used as

in traditional CMC process. The differences from the traditional method are (l) the use of

CA 2869287 2019-12-13
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never dried cellulose as raw material, (Il) the addition of reactants partly or fully in solid
form, and (lll) the use of only small amounts of water as reaction medium.

The key difference compared to prior art methods is the lack of organic solvents as
reaction medium and the use of high solids content. Only the reactants may be added as
organic solvent solutions, thus bringing minor amounts of organic solvents to the process,
but typically the addition of the reactants is done partially or, preferably, fully in solid form.
There is then no free water or solvents present in mercerization or etherification stage but
all water exists in the cellulose fibre walls or the fibres lumen.

In the event that organic solvent is present, this is preferably limited to a minor amount of
alcohol used as a solvent for the etherification reagent. Preferably there is no organic
solvent at all present at the alkali treatment step.

Never dried cellulose is more reactive than dried cellulose. In respect of never dried
cellulose reference is made to the article Spinu et al, Cellulose, 2011, 18, 247-256 [5],
hereby incorporated as part of the present specification. Generally, never dried cellulose
has the advantage of being very flexible and easily conformable as compared to dried
cellulose, and in never-dried state cellulose, due to the opened structure, absorbs much
more chemicals. Penetration of Na” ions into the fibre has been shown to be better for
never dried pulp as compared to dried and re-wetted pulp, especially for never dried soft
wood pulp [5]. Such an easy Na' ion penetration is a major advantage for mercerisation
and following etherification according to the present invention.

The addition of solid NaOH in accordance with the invention makes it possible to limit the
water addition. Moreover, it has been shown that the MFC made in accordance with the
invention has improved product properties.

We have surprisingly found that by filtering and/or mechanically compressing and/or
mixing never dried pulp together with NaOH, the cellulose can be mercerized and further
etherified with a reasonable yield of conversion of MCA. This can be achieved by using a
sufficiently high solid content of cellulose and the use of solid sodium hydroxide (NaOH)
in the mercerization step and by adding optionally also the etherification reagent as solid
powder (MCA or NaMCA) to the reaction medium.

According to the invention a method for the preparation of cellulose ethers from moist,
never dried, cellulosic material without any organic solvents or very little organic solvents
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(i.e. less than 20w/w%, preferably less than 5 w/w%) at high solid content with a process
that comprises an alkali treatment (mercerization) and an etherification step, wherein the
alkali treatment step is carried out with solid (80-89.5 w/w-%) granulated or milled sodium
hydroxide (NaCH), by effectively mixing or working the material continuously or at time
intervals during the alkali treatment.

Preferably the content of cellulosic material is at the mercerization stage at least 20 w/w-
% but less than 75 w/w-%, more preferably between 30 and 50 w/w-% and most
preferably between 35 and 45 w/w-%.

If never dried pulp is mercerized in accordance with the invention, the solids content of
the mercerized pulp is so high that it is economically feasible to transport/deliver the pulp
to external customers as mercerized pulp. Moreover, the use of never dried pulp in the
mercerization may improve the quality of the mercerized pulp (for example less
hornification ext. in starting pulp - never dried pulp ext.). The invention has a great
commercial value since the process gives rise to substantial cost savings and quality
improvements.

As indicated before, the etherification reaction yield is determined by the water content.
Thus itis beneficial to have as high solids content as possible in the etherification stage.
The solids content should be in the range from 30 to 80 wiw-%, preferably between 40
and 60 w/w-%. This can be achieved by having high solids content already in the first
mercerization stage. One option is to increase the solids content and the conversion rate
of the reaction by drying the alkalized pulp after mercerization. This can be achieved
gither by introducing vacuum and heat to the alkali cellulose.

The etherification reagent used in the method of the invention is preferably monochloro
acetic acid (MCA) or its alkali salt, more preferably sodium monochloro acetic acid
(NaMCA). The etherification reagent is preferably added as solid, even though it may be
dissolved in either water or an alcohol or mixtures thereof. The etherification agent can
be added before or at the same time with the alkalisation (mercerization) agent.

The reaction temperature in the etherification phase is preferably 60 to 120 °C, more
preferably 90 to 100°C.

The reaction mixture is preferably subjected to grinding, shearing or other mechanical
mixing during the etherification.

CA 2869287 2019-03-29
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Organic solvents, preferably alcohols such as methanol, ethanol, n-propanol or 2-
propanol, might however be used in small quantities for addition of the etherification
reactant as a solute in the organic solvent, or in larger quantities in the post-reaction
washing step where salts that are produced as side products are being washed of the
desired product. The present invention simplifies the production process significantly and
lowers both the investment and maintenance costs significantly.

In addition to the reaction yield and resulting degree of substitution, also the distribution
of the substituents (in the case of carboxymethyl groups in case of CMC) plays a crucial
role in product properties and performance. In high solids methods, the even distribution
of substituents is especially challenging when compared to the competing slurry process.
The uneven distribution of substituents resulting from slow diffusion of the etherification
agent in the alkalized pulp can be improved by introducing the etherification agent, in the
case of CMC the MCA and or NaMCA, to the alkali pulp as an alcohol or alcohol water
solution. The amount of the alcohol should not exceed 20 w/w-% or more preferably not
exceed 5 w/w-% of the mass of the reaction mixture. The alcohol can be fully or partially
evaporated and recovered in the etherification process.

Preferably the reaction medium contains no organic solvents at the alkali treatment
(mercerization) step.

Preferably the mercerization step is followed by a concentration step for further increase
the solids content after mercerization step to a solids content of 35 to 80 w-%, more
preferably to 40 to 70 w-% and most preferably in between 50 and 60 w-% before or after
the addition of the etherification reagent. Suitable concentration steps comprise
evaporation of water in a reactor or a vacuum dryer or a similar apparatus.

Preferred cellulosic material in the method is never dried chemical pulp, low cost
cellulosic materials, recycled fibres (undried after repulping), agro based fibres like
straws, bagasse etc. cellulose containing material, which is obtained from pulping and
used for the invention without intermediate drying.

Preferred NaOH granule diameter is < 5 mm, more preferably < 2 mm and most
preferably < 1 mm,

Preferably the carboxymethylated product is washed with water (in case of DS < 0.3) or
water/alcohol solutions (DS > 0.3) to remove sodium chloride and sodium glycolate from
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the product. Washing with methanol, ethanol or 2-propanol water solutions is most
preferred.

The process according to the invention may be integrate with a pulp mill process, so that
the never dried cellulosic material is obtained from said pulping process without
intermediate drying or pulp dry grinding. The pulp from said pulp mill process may just be
treated by filtration or by a screw press for removal of excess water and bringing the pulp
to an advantageous high solids content.

There exist several different applications where total solubility of CMC is not needed or
wished.

One obvious application is production of microfibrillated cellulose (MFC) and/or
nanofibrillated cellulose (NFC). It has been shown that carboxymethylation can be a route
to liberate microfibril aggregates. Thus even a low substituted CMC will improve
micrcfibrillation and thus make production of MFC/NFC easier, consume less energy and
improve MFC/NFC properties. Thus the use of material produced as described here,
preferably according to the method of the invention for the production of microfibrillated
cellulose and nanofibrillated cellulose is within the scope of this invention.

The CMC produced with the method of the invention can be used among others in
enhancing the properties of paper and board, detergents, hygiene products, additives in
food applications or as indicated above as pre-treatment in the production of
microfibrillated cellulose. Thus also the use of the material produced as described here,
preferably according to the method of the invention in paper applications, composites,
washing powders, oil drilling muds, certain food and cosmetics applications is within the
scope of the invention.

Some of the advantages of the invention are:

1. Raw materials;
a) Never dried pulp can be used which gives large cost savings in raw material.
b) Essentially no organic solvents in the process; A water based process is more
environmentally friendly, simplified, safer and cheaper than organic solvent
recovery process. This lowers the production costs directly.
¢) In most cases; due to lower D.S. (thus essentially not dissolving in water), the
end product can be washed with water instead of using organic solvents.
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2. Process conditions and parameters can be changed for more optimal;
a) High investment costs and energy consuming pulp drying process step can
be replaced by low investment and low energy demanding filtration and/or screw
press, extruder or similar devices and production can be integrate to pulp mill
production.
b) Energy consuming and dangerous dry grinding of pulp can be avoided
resulting as cost savings and safety improvement.
¢) Highertemperatures in etherification can be used in water based reactions in
unpressurized reactors and the reaction yields can be improved.
d) In most cased (due to low D.S.) end product can be washed with water (no
organic solvents needed).

3. Investment costs can be reduced dramatically
a) No pulp drying equipment investment, process can be integrated with pulp
mill.
b) No pulp dry grinding systems needed.
¢) No systems and recovery of organic solvents are needed.
d) End washing can be done with normal pulp washing systems used in pulp
mill.

4. End product quality
a) Very high quality MFC/NFC can be produced from this way
carboxymethylated fibers.

b) Much higher consistency of pulp can be used in homogenization introducing
thus direct savings in MFC process.

The invention is illustrated by the following non-limiting examples. It should be
understood that the embodiments given in the description above and the examples are
for illustrative purposes only, and that various changes and modifications are possible
within the scope of the invention.

Examples

Eight different experiments to produce carboxymethyl cellulose via mercerized cellulose
are presented as Examples 1 to 8. The pulp for example 1 was dewatered under suction
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by using a Buhner funnel, whereas all the other pulps were dewatered and brought to
high solids conditions by pressing. The used chemical amounts are given in table 1.

Example 1.

One hundred gram (calculated as dry) of never dried pine pulp directly from the pulp mill
was dewatered to give a solids content of 19.5 % and water content of 80.5 %. Powder
like NaOH (29.6 g) was added to the pulp and the mixture was mixed mechanically with
Kitchen aid for 30 minutes. The alkalized cellulose was left to stand at 2°C overnight. The
mechanical mixing was continued and 33.4 ml of 80 w-% monochloroacetic acid solution
was added within 10 minutes over stirring. Mixing was continued for further 30 minutes
after which the material was placed in a sealed reactor in an oven at 105 °C for 120
minutes. The reactor was left to cool down. The carboxymethylated cellulose fibres were
suspended in 2 | of water and the pH was adjusted with 35 w-% HCI to 7. The material
was filtered of on a Biihner funnel and further washed three times with 3 | of cold water.
The wet mass was used further for preparation of MFC with a Microfluidizer (Microfluidics
Inc.). A small part of the sample was used to determine the DS with a titration method
described by [AlmI&éf H, Extended mercerization prior to carboxymethyl cellulose
preparation, PhD thesis, Karlstad University, 2010, ISBN 978-91-7063-314-0].

The DS value was determined as follows:

A 0.5 g sample of CMC, calculated as oven-dry product, was heated to 700°C for 15-20
min; the resulting ash was cooled in a glass desiccator containing silica gel as the drying
agent. The ash was then dissolved in 6 ml boiling deionised water before being titrated
with 0.1 M H,SQO, until the solution reached a pH of 4.4. The following equation was then
used to calculate the DS value from the amount of titrated acid (b ml) and CMC (G g)
used.

DS=0.162*(0.1*b/G)/(1-0.080*(0.01*b/G))
Examples 2 to 5 were prepared according to Example 1, but with different reactant
amounts that can be seen in Table 1.

Example 6 was prepared similar to Example 1, but instead of adding the NaOH as solid,
a 59.2 g of 50 w-% solution of NaOH was added in the mercerization stage dropwise
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during mixing with the dough mixer. After addition of the NaOH solution the experiment
was continued similar to Example 1.

Example 7 was prepared similar to Example 1, but instead of introducing MCA as 80 w-
% water solution, the MCA was introduced drop wise as 50 w-% 2-propanol solution into
the mixture. The chemical amounts are in Table 1. After the addition of the etherification
reagent, the synthesis was continued similar to Example 1.

Example 8 was prepared similar to Example 1, but instead of addition of 29.6 g of NaOH
in the merserization stage, only 14.8 g of solid NaOH was added. Also the etherification
reagent was introduced as solid in the form of NaMCA (43.1 g) slowly during mixing and
no MCA was used in the reaction. The chemical amounts are listed in Table 1.

Table 1. Used mercerisation and carboxymethylation conditions. One hundred grams
(when calculated as abs. dry) never dried softwood pulp was used in each experiment.
Other chemical amounts and yields are summarized in the table.

No |Pulp [NaOH [NaOH |MCA |MCA NaMCA [Water  in [DSirge
m gl gl 50 w-% |80 w-% [50 w-% 2-|m [g] mercerizati
o] [miI] propanol on
[a] calculated
from the
pulp w-%
1 100.0 [29.6 - 33.4 - - 80 0.6
2 |106.5 [29.6 - 33.4 - - 71 0.6
3 [101.0 [296 - 33.4 - - 63 0.6
4 1004 149.34 |- 55.6 - - 72 1.0
5 1100.6 [29.6 - 33.4 - - 63 0.6
6 [100.0 | 59.2 33.4 - - 60 0.6
7 (1002 |29.6 - - 69.94 63 0.6
8 [100.1 [|14.8 - - 43.1 61 0.6
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Table 2. Properties of the obtained carboxymethylated materials
NO |DSiaget |PSresut |RE  |Micro fibrillation [Microscopy
[%] [runnability

1 0.6 0.05 8 Bad Long fibre
residues

2 0.6 0.12 20 Bad+ Long fibre
residues

3 106 0.17 28 Good- Long fibre
residues

4 1.0 0.21 21 Good+ Short fibre
residues

5 (0.6 0.18 30 Excellent Few short thick
fibre residues

6 |06 0.2 33 Excellent Long fibre
residues

7 10.6 0.19 32 Excellent- Long fibre
residues

8 (0.6 0.18 30 Excellent+ Long fibre
residues

Before fluidization, dried carboxymethylated fibres showed extremely fast wetting (wetting
5 immediately). This opens possibility for utilizing this property of these fibres as absorbent,

viscosity adjustment in areas where the total solubility of the chemical is not wanted.

Light microscopy analysis was carried out by pressing a small sample (< 5 mg) of micro
fibrillated carboxymethylated material on a glass slit and viewing the samples on a light

microscope (Zeiss) with a 10 x magnification.
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CLAIMS:

1. A method for the preparation of cellulose ethers from moist, never dried pulp at
a high solid content with a process that comprises an alkali treatment and an
etherification step, by carrying out the alkali treatment with 80-99.5 w/w-% solid
granulated or milled sodium hydroxide (NaOH) substantially without use of any
organic solvents, and mechanically working the material continuously or at time
intervals during the alkali treatment wherein the content of the pulp at the alkali

treatment step is over 20 w/w-% but less than 75 wiw-%.

2. The method of claim 1, wherein the content of the pulp at the alkali treatment

step is from 30 to 50 w/w-%.

3. The method of claim 2, wherein the content of the pulp at the alkali treatment

step is from 35 to 45 w/w-%.

4. The method of any one of claims 1 to 3, wherein monochloro acetic acid (MCA)
or an alkali salt thereof is used as an etherification reagent and wherein the
etherification reagent is added as solid or dissolved in either water or an alcohol or
mixtures thereof.

5. The method of claim 4, wherein sodium monochloro acetic acid (NaMCA) is

used as the etherification reagent.

6. The method of claim 4 or 5, wherein the etherification agent is added before or

at the same time as the solid sodium hydroxide.

7. The method of any one of claims 1 to 6, wherein the reaction temperature at the
etherification step is 60 to 120 °C.

8. The method of claim 7, wherein the reaction temperature at the etherification
step is 90 to 100°C.

CA 2869287 2019-12-13
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9. The method of any one of claims 1 to 8, wherein the mixture is subjected to

grinding, shearing or other mechanical mixing during the etherification.

10. The method of any one claims 1 to 9, wherein the reaction medium is free from
organic solvents at the alkali treatment and etherification steps.

11. The method of any one of claims 1 to 10, wherein the alkali treatment step is
followed by a concentration step for further increasing the solids content after the
alkali treatment step to a solids content of 35 to 80 w-% before or after the addition of

the etherification reagent.

12. The method of claim 11, wherein the solids content is increased to 40 to
70 w-%.

13. The method or claim 11 or 12, wherein the solids content is increased to 50 and
60 w-%.

14. The method of any one of claims 1 to 13, wherein the never dried pulp is
chemical pulp, recycled fibres, agro based fibres, or cellulose pulp containing

material.
15. The method of claim 14, wherein the agro based fibres are straws or bagasse.

16. The method of any one of claims 1 to 15, wherein the NaOH granule diameter

is <5 mm.
17. The method of claim 16, wherein the NaOH granule diameter is <2 mm.
18. The method of claim 16 or 17, wherein the NaOH granule diameter is < 1 mm.

19. The method of any one of claims 1 to 18, wherein the cellulose ethers comprise
a carboxymethylated product, and wherein the product is washed with water if the

product has a degree of substitution (DS) of < 0.3 or is washed with water/alcohol

CA 2869287 2019-12-13
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solutions if the product has a DS of > 0.3, to remove sodium chloride and sodium
glycolate from the product.

20. The method of claim 19, wherein the water/alcohol solutions are methanol,

ethanol or 2-propanol water solutions.

21. The method of any one of claims 1 to 20, which is integrated with a pulp mill

process, the never dried pulp being obtained from said process without intermediate

drying or pulp dry grinding.

22. The method of claim 21, wherein the pulp from said pulp mill process is treated

by filtration or by a screw press.

CA 2869287 2019-12-13



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - CLAIMS
	Page 19 - CLAIMS
	Page 20 - CLAIMS

