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(54) Title: PROCESS FOR THE EXTRACTION OF SILICA 

2 (57) Abstract: The invention relates to a process for the extraction of silica 
from lignocellulosic plant matter, comprising the steps of: a) fractionating the 

= lignocellulosic plant matter in the presence of an acid solution, so as to ob
tain a solid fraction comprising cellulose, b) extracting the silica from the 

31 solid fraction obtained in step a) with a basic solution, at a pH between 10 
4 and 13 and at a temperature between 70°C and 90°C, so as to obtain a liquid 

phase comprising silica and a solid phase, c) separating the liquid phase and 
- of the solid phase which are obtained in step b), d) precipitating the silica 

6 which is comprised in the liquid phase, at a pH between 5 and 6.  
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1 

PROCESS FOR THE EXTRACTION OF SILICA 

Technical field of the invention 

The invention relates to a process and an installation for the extraction 

5 of silica from lignocellulosic plant matter.  

Technological background 

Silica is used in a large number of applications, whether in the field of 

optics, the motor industry or electronics.  

The silica used in these applications is mainly of mineral origin.  

10 However, there exists another not insignificant source of silica. Some 

plant matters, such as cereals, are very rich in silica. Thus, rice straw can 

comprise more than 10% of silica. The straw and the chaff resulting from the 

cultivation of cereals thus represent a considerable source of silica. In point of 

fact, these plant wastes are made use of only to a slight extent and, when they 

15 are made use of, the silica often limits their use. The silica is in particular a 

major obstacle to the use of cereal straw in the production of paper pulp. The 

commonest technique for the extraction of silica from plant wastes consists of 

their combustion. However, the quality of the silica obtained by combustion is 

mediocre. This is because the silica thus obtained exhibits a low purity and the 

20 silica particles have high diameters. Furthermore, the combustion of these 

wastes has a negative impact on the environment. It results in particular in 

emissions of sulphur and of nitrogen oxide. Finally, by burning these wastes, 

advantageous organic compounds which might be recycled are lost.  

Objectives of the invention 

25 The invention is targeted at overcoming at least some of the 

disadvantages of the known processes and installations for the extraction of 

silica from lignocellulosic plant matter.  
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The invention is targeted in particular at providing, in at least one 

embodiment, a process and an installation for the extraction of silica from 

lignocellulosic plant matter without destroying the combination of the other 

advantageous compounds present in this plant matter. In particular, the 

invention is targeted at providing, in at least one embodiment, a process and 

an installation which make it possible to extract the silica but also paper pulp, 

lignin and/or sugars.  

The invention is also targeted at providing, in at least one embodiment 

of the invention, a process and an installation which make it possible to recover 

between 70% and 80% of the silica present in the lignocellulosic plant matter.  

The invention is also targeted at providing, in at least one embodiment 

of the invention, a process and an installation which make it possible to obtain 

silica having a high purity.  

The invention is also targeted at providing, in at least one embodiment 

of the invention, a process and an installation which make it possible to obtain 

silica in the form of particles having a small diameter.  

Summary of the invention 

In order to do this, the invention relates to a process for the extraction of silica 

from lignocellulosic plant matter, characterized in that it comprises the steps 

of: 

a) fractionating the lignocellulosic plant matter in the presence of an 

acid solution, so as to obtain a solid fraction comprising cellulose, 

b) extracting the silica from the solid fraction obtained in step a) with 

a basic solution, at a pH between 10.5 and 11.5 and at a temperature between 

70 0C and 90 0C, so as to obtain a liquid phase comprising silica and a solid 

phase, 

c) separating the liquid phase and of the solid phase which are 

obtained in step b), 

d) precipitating the silica which is comprised in the liquid phase, at a 

pH between 5 and 6, 

wherein the precipitated silica comprises silica particles having a mean 

diameter of 1 - 10 micrometers, and 
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wherein the mean diameter is achieved without the need to use sonication or 

other additional steps to reduce the size of the particles.  
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The present invention also relates to the silica extracted according to 

this process.  

The invention also relates to an installation for the extraction of silica 

from lignocellulosic plant matter, characterized in that it comprises: 

5 - a fractionating unit: 

- comprising an acid solution feed, 

- suitable for separating a solid fraction and a liquid fraction, and 

- comprising a liquid fraction outlet and a solid fraction outlet, the solid fraction 

outlet being connected to an extracting unit, 

10 - the extracting unit: 

- comprising a basic solution feed, 

- being suitable for separating a solid phase and a liquid phase, and 

- comprising a solid phase outlet and a liquid phase outlet, the outlet of 

the liquid phase being connected to a precipitating unit, 

15 - the precipitating unit comprising an acid solution feed.  

Detailed description 

The first step of the process according to the invention comprises 

fractionating the lignocellulosic plant matter in the presence of an acid solution, 

so as to obtain a solid fraction comprising cellulose.  

20 The lignocellulosic plant matter can be any type of lignocellulosic plant 

matter which comprises silica. In particular, the lignocellulosic plant matter can 

be cereal straw and/or chaff. Cereals are rich in silica. The straw and the chaff 

resulting from their cultivation represent considerable amounts of agricultural 

waste which can be recovered in value. The cereals used in the process 

25 according to the invention can, for example, be wheat, rice, maize or barley.  

Thus, the lignocellulosic plant matter can be wheat or rice straw and/or wheat 

or rice chaff. According to an embodiment, the lignocellulosic plant matter is 

wheat straw. According to another embodiment, the lignocellulosic plant 

matter is rice straw. The latter is particularly rich in silica.  

30 Prior to the fractionating step, care is preferably taken that the humidity 

of the lignocellulosic plant matter is less than or equal to 25% by weight of 

water with respect to the dry matter. Grinding of the lignocellulosic 
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plant matter is preferably carried out so as to reduce it to fragments or slivers 

with a length substantially of between 0.5 and 20 cm. Before the fractionating 

step, it is also possible to carry out a preimpregnation of the lignocellulosic 

plant matter lower by at least 300 C than the reaction temperature. The 

5 impregnation by immersion can be carried out for a period of time of 10 to 30 

min in a formic acid/acetic acid mixture.  

Fractionating lignocellulosic plant matter in the presence of an acid 

solution is known. Such fractionations and the steps prior to this fractionation 

are in particular described in Patent Applications W00/68494, 

10 W02009/092749 and W02012/049054 of Compagnie Industrielle de la 

Matiere Vegetale (CIMV).  

Fractionating plant matter in an acid medium makes it possible to retain 

the silica in the solid fraction comprising cellulose in order to be able to extract 

it during a subsequent step. This type of fractionation is contrary to the general 

15 practice which, in the case of plant matter having a high silica content, 

recommends carrying out a fractionation in a basic medium in order to remove 

the silica right from the step of fractionation of the cellulose and thus to prevent 

the silica from interfering with the extraction of the cellulose but also that of the 

sugars and of the lignin present in the plant matter.  

20 According to a preferred embodiment, the fractionating step a) 

comprises the steps of: 

al) bringing the lignocellulosic plant matter into contact with an acid 

solution, so as to obtain a solid fraction comprising cellulose and a liquid 

fraction, 

25 a2) separating the solid fraction and the liquid fraction which are 

obtained in step al).  

The operation in which the lignocellulosic plant matter is brought into 

contact with an acid solution can be carried out at a temperature between 500 C 

and 1150C, preferably between 950C and 110°C.  

30 Preferably, the operation in which the lignocellulosic plant matter is 

brought into contact with an acid solution lasts from 1 to 3 hours.  
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The acid solution of the fractionating step a) can comprise at least one 

organic acid. The acid solution of the fractionating step a) can in particular 

comprise formic acid and/or acetic acid.  

According to a preferred embodiment, the acid solution of the 

5 fractionating step a) is a solution of organic acid(s), preferably a solution of 

formic acid and/or acetic acid. Preferably, the acid solution of the fractionating 

step a) is a mixture of formic acid and acetic acid. This mixture of formic acid 

and acetic acid can comprise at least 20% by weight of acetic acid and at least 

50% by weight of formic acid.  

10 Fractionating with a mixture of acetic acid and formic acid makes it 

possible to avoid the damage to the cellulose fibres which appears with 

concentrated formic acid alone under the normal conditions of use. Thus, the 

quality of the paper pulp which will be able to be obtained from the solid fraction 

comprising cellulose once the silica has been extracted therefrom is retained.  

15 According to a preferred embodiment, the lignocellulosic plant matter is 

brought together with a mixture of formic acid comprising at least 5% of acetic 

acid by weight and the combination is brought to a reaction temperature of 

between 500C and 1150 C, 

- the solid fraction is subsequently separated from the liquid fraction 

20 comprising in particular, in solution, the starting formic acid and acetic acid, 

dissolved monomeric and polymeric sugars, lignins and acetic acid which 

result from the starting lignocellulosic plant matter.  

Typically, the liquid fraction obtained during the separating step al) 

comprises lignin. It can also comprise sugar and/or hemicellulose. This liquid 

25 fraction can be subjected to various treatments in order to recover some of the 

compounds which it comprises. In particular, it can be treated, for example by 

evaporation, in order to recycle the acid solution. Thus, if a mixture of acetic 

acid and formic acid is used during step a), it can be extracted from the liquid 

fraction obtained in step a2). This mixture can then be recycled in the steps 

30 requiring the addition of an acid solution of this type.  
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The lignin and the sugars of this liquid fraction can also be purified. The 

sugar thus purified can in particular be fermented in order to obtain ethanol.  

Processes for the purification of the lignin and of the sugar from such a liquid 

fraction are known. They are in particular described in Patent Application 

5 W02011/154293 of CIMV.  

As the fractionation takes place in an acid medium, the silica remains in 

the solid fraction and is not discharged in the liquid fraction. Consequently, the 

optional treatments of this liquid fraction no longer encounter the 

disadvantages relating to the presence of silica.  

10 The solid fraction obtained during step a) comprises cellulose. The 

cellulose included in this fraction preferably consists of the majority of the 

cellulose included in the lignocellulosic plant matter.  

The second step of the process according to the invention comprises 

the extraction of the silica from the solid fraction obtained in step a) with a basic 

15 solution, at a pH between 10 and 13 and at a temperature between 700 C and 

90 0C, so as to obtain a liquid phase comprising silica and a solid phase.  

During this extracting step, the silica present in the solid fraction 

obtained in step a) dissolves in the form of silicate. A liquid phase comprising 

silica and a solid phase comprising cellulose but depleted in silica, that is to 

20 say purified from the silica which it comprises, are then obtained.  

The extracting step can last between 30 and 60 min.  

The conditions of this step and in particular the pH of this step make it 

possible to control the amount of residual lignin and, for this reason, the purity 

of the silica.  

25 The extracting step b) is carried out at a pH between 10 and 13.  

According to a preferred embodiment, the extracting step b) is carried 

out at a pH between 10.5 and 12.5, preferably between 10.5 and 11.5.  

Such a pH range makes it possible to obtain silica particles with a 

diameter of a few micrometers. The role of the pH during the extracting step 

30 with regard to the size of the silica particles is particularly surprising. This is 
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because only the parameters of the precipitating step appeared to have an 

influence on this diameter.  

Furthermore, the pH also plays a role in the purity of the silica. An 

extraction pH of between 10 and 11.5 makes it possible to notably reduce the 

5 amount of residual lignin present in the silica.  

The basic solution of the extracting step b), also referred to as extraction 

solution, can be a sodium hydroxide or potassium hydroxide solution.  

The basic solution of the extracting step b) can, for example, comprise 

between 2% and 5% by weight of NaOH. Preferably, it comprises 1.5% by 

10 weight of NaOH.  

The third step of the process according to the invention comprises 

separating the liquid phase and of the solid phase which are obtained in the 

extracting step b).  

This separating step can be carried out by the normal techniques for 

15 solid-liquid separation, for example by separation by settling, by filtration, for 

example via a filter press, or by centrifugation.  

The process according to the invention can comprise a step of 

concentrating the liquid phase after the separating step c) and before the 

precipitating step d) in order to increase the precipitation yield.  

20 Preferably, the liquid phase is concentrated so as to comprise 10% of 

dry matter.  

The fourth step of the process according to the invention comprises 

precipitating the silica which is comprised in the liquid phase at a pH between 

5 and 6. The precipitation of the silica which is comprised in the liquid phase 

25 can be carried out directly after the separating step c) without a prior 

concentrating step or after the concentrating step. Preferably, the precipitating 

step is carried out after a step of concentrating the liquid phase. By optimizing 

the conditions of the extracting step b), silica with a desired purity and a desired 

diameter is obtained. Thus, according to this process, it is no longer necessary 

30 to use specific precipitation conditions, for example, in order to reduce the 

diameter of the silica particles.  
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The precipitation of the silica at a pH between 5 and 6 can be carried 

out by the addition of an acid solution, preferably with an acid solution obtained 

by recycling the liquid fraction obtained subsequent to the separating step a2).  

The recycling of the acid solution makes it possible to limit the contribution of 

5 reactant and thus the cost of the process.  

Likewise, in order to limit the contribution of reactant, the acid solution 

used during the fractionating step can also originate from the recycling of the 

liquid fraction.  

Once the silica has been precipitated, it can be washed in order to 

10 remove the residual salts or any other impurity.  

The precipitated silica can subsequently be filtered, for example by 

filtration on a centrifuge.  

The silica is then recovered.  

The invention also relates to the silica extracted according to the 

15 process described above.  

The silica extracted according to the process of the invention is of plant 

origin.  

The silica extracted according to the process of the invention can 

comprise residual lignin. According to one embodiment, the process according 

20 to the invention can comprise a step of combustion of the silica. The non

mineral impurities, in particular the impurities such as the residual lignin, can 

thus be removed from the silica.  

The silica particles extracted according to the process of the invention 

can exhibit a mean diameter of 3 pm to 200 pm. The mean diameter of the 

25 particles varies as a function of the extraction conditions. At a pH between 10.5 

and 11.5, an apparent mean diameter of 1 pm to 10 pm can be obtained. It is 

thus no longer necessary to use additional steps, such as sonication, in order 

to reduce the size of the particles.  

The invention also relates to an installation for the implementation of the 

30 process according to the invention.  

In particular, the invention relates to an installation for the extraction of 

silica from lignocellulosic plant matter, characterized in that it comprises: 

16569841_1 (GHMatter) P43912AU00
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- a fractionating unit: 

- comprising an acid solution feed, 

- suitable for separating a solid fraction and a liquid fraction, and 

- comprising a liquid fraction outlet and a solid fraction outlet, the solid fraction 

5 outlet being connected to an extracting unit, 

- the extracting unit: 

- comprising a basic solution feed, 

- being suitable for separating a solid phase and a liquid phase, and 

- comprising a solid fraction outlet and a liquid phase outlet, the outlet of the 

10 liquid phase being connected to a precipitating unit, 

- the precipitating unit comprising an acid solution feed.  

According to a preferred embodiment, the liquid fraction outlet of the 

fractionating unit is connected to a recycling unit suitable for recycling an acid 

solution. The recycling unit comprises a recycled acid solution outlet 

15 connected to the acid solution feed of the precipitating unit.  

The invention will be illustrated below by the following figures and 

examples. However, these examples and figures should not be interpreted so 

as to limit the scope of the present invention.  

20 FIGURE: 

Figure 1 is a partial and diagrammatic view of the process and 

installation according to the invention.  

The lignocellulosic plant matter is introduced via the pipe 1 into the 

reactor 3, in which the lignocellulosic plant matter is brought into contact with 

25 an acid solution in order to obtain a solid fraction comprising cellulose and a 

liquid fraction comprising lignin and sugar. The acid solution is introduced into 

the reactor 3 via the pipe 2. The combination comprising the liquid and solid 

fractions is transferred into a press 4 in order to separate the two fractions.  

The reactor 3 and the press 4 form the fractionating unit 3,4.  

30 The liquid fraction is sent to a recycling unit 16 via the liquid fraction 

outlet 5. The liquid fraction is treated therein by evaporation in order to obtain 

a recycled acid solution. This solution is recovered via the pipe 17. The other 
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constituents of the liquid fraction, such as the lignin or sugar, can also be 

recovered via the outlet 18 and purified.  

The solid fraction is sent to an extraction reactor via the pipe 6. The solid 

fraction is brought into contact therein with a basic extraction solution 

5 introduced via the pipe 8. This extracting step is carried out at a pH of between 

10.5 and 11.5 at a temperature between 700 C and 900 C. The silica present in 

the solid fraction then dissolves in the extraction solution, forming a liquid 

phase comprising silica and a solid phase comprising cellulose and depleted 

in silica.  

10 The combination consisting of the solid phase and the liquid phase is 

subsequently introduced into a press 9 in order to separate them. The 

extraction reactor 7 and the press 9 form the extracting unit 7,9.  

The solid phase thus separated is recovered via the pipe 10. This solid 

phase can be subjected to various treatments in order to recover in value the 

15 cellulose which it comprises.  

The liquid phase is concentrated in the unit 12 and then precipitated in 

the precipitating unit 13 by adjustment of the pH to a pH between 5 and 6. The 

adjustment of the pH is carried out by the recycled acid solution originating 

from the pipe 17.  

20 The precipitated silica is subsequently filtered in the filtration unit 14.  

The silica is recovered via the pipe 15.  

EXAMPLE: 

25 Materials and methods: 

The fractionating step was carried out with a solution of acetic acid/formic 

acid/water for a period of time of 3 hours, at a temperature of 1050C and at pH 

3.  

30 The extracting step was carried out with a 12% by weight sodium hydroxide 

solution, for a period of time of 60 min, at a temperature of 800C and at pH 

10.5 or at pH 12.5.  
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The precipitating step was carried out with a 1% acetic acid solution, for a 

period of time of 10 min, at a temperature of 250C and at pH 5.5.  

5 Results: 

The results obtained are combined in Table 1 below.  

Silica particles Extraction at Extraction at 

pH 10.5 pH 12.5 

Mean diameter by laser particle 4.8 pm 176 pm 

sizing 

Specific surface by the BET 155.93 m 2/g 413.46 m 2/g 

method 

Cumulative pore volume by the 0.28 cm 3/g 1.21 cm 3/g 

BJH adsorption method 

Mean pore diameter by the BJH 8.2282 nm 11.0661 nm 

adsorption method 

Median pore diameter 0.9441 nm 0.9326 nm 

Table 1 

10 These results show that the size of the silica particles decreases greatly with 

the pH of the extraction solution.  

In the claims which follow and in the preceding description of the invention, 

except where the context requires otherwise due to express language or 

15 necessary implication, the word "comprise" or variations such as "comprises" 

or "comprising" is used in an inclusive sense, i.e. to specify the presence of 

the stated features but not to preclude the presence or addition of further 

features in various embodiments of the invention.  

20 
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CLAIMS 

1. Process for the extraction of silica from lignocellulosic plant 

matter, comprising the steps of: 

a) fractionating the lignocellulosic plant matter in the presence of an 

acid solution, so as to obtain a solid fraction comprising cellulose, 

b) extracting the silica from the solid fraction obtained in step a) with 

a basic solution, at a pH between 10.5 and 11.5 and at a temperature between 

70 0C and 90 0C, so as to obtain a liquid phase comprising silica and a solid 

phase, 

c) separating the liquid phase and the solid phase which are 

obtained in step b), 

d) precipitating the silica which is comprised in the liquid phase, at 

a pH between 5 and 6, 

wherein the precipitated silica comprises silica particles having a mean 

diameter of 1 - 10 micrometers, and 

wherein the mean diameter is achieved without the need to use sonication or 

other additional steps to reduce the size of the particles.  

2. Process for the extraction of silica according to Claim 1, wherein the 

fractionating step a) comprises the steps of: 

al) bringing the lignocellulosic plant matter into contact with an acid 

solution, so as to obtain a solid fraction comprising cellulose and a liquid 

fraction, 

a2) separating the solid fraction and the liquid fraction which are 

obtained in step al).  

3. Process for the extraction of silica according to Claim 2, wherein the 

precipitating step d) is carried out with an acid solution obtained by recycling 

the liquid fraction obtained subsequent to the separating step a2).  

4. Process for the extraction of silica according to any one of Claims 1 

to 3, wherein the acid solution of the fractionating step a) is a solution of 

organic acid(s).  

5. Process for the extraction of silica according to any one of Claims 1 

to 4, wherein the acid solution of the fractionating step a) is a solution of formic 

acid and/or of acetic acid.  
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6. Process for the extraction of silica according to any one of Claims 1 

to 5, wherein the basic solution of the extracting step b) comprises 1.5% by 

weight of NaOH.  

7. Process for the extraction of silica according to any one of Claims 1 

to 6, wherein the lignocellulosic plant matter is cereal straw and/or chaff.  

8. Process for the extraction of silica according to any one of Claims 1 

to 7, comprising a step of concentrating the liquid phase after the separating 

step c) and before the precipitating step d).  

9. Process for the extraction of silica according to one of Claims 1 to 

8, comprising a step of filtration of the silica precipitated in step d).  

10. Silica extracted according to the process as defined in Claims 1 to 

9.  

11. Silica according to Claim 10, comprising residual lignin.  

12. Installation for the extraction of silica from lignocellulosic plant 

matter when used for the process of any one of claims 1-9, comprising: 

- a fractionating unit (3,4): 

- comprising an acid solution feed (2), 

- suitable for separating a solid fraction and a liquid fraction, and 

- comprising a liquid fraction outlet (5) and a solid fraction outlet (6), 

the solid fraction outlet being connected to an extracting unit (7, 9), 

- the extracting unit (7, 9): 

- comprising a basic solution feed (8), 

- being suitable for separating a solid phase and a liquid phase, 

and 

- comprising a solid phase outlet (10) and a liquid phase outlet 

(11), the outlet of the liquid phase being connected to a 

precipitating unit (13), 

- the precipitating unit comprising an acid solution feed (17).  
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