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00 (57) Abstract: The present invention provides pressure agglomerated, molded solid fuel comprising plant biomass. The fuel is char
l acterized in that it comprises shredded plant biomass and as the main binding material cellulosic wool originated from hammer

shredding of cellulosic material wastes, said cellulosic material formerly being treated in papermaking process. The fuel shows a
density of at least approximately 1000 kg/m 3. The invention also provides a method for the preparation of molded solid fuel compris
ing pressure agglomerated plant biomass, comprising providing plant biomass and cellulosic material wastes, shredding the plant
biomass together with the mentioned cellulosic material wastes in a hammer rotor mill at an ambient temperature, and pressure ag

o glomeration of the obtained mixture without use of a binder under the load of 15-45 MPa at a temperature below 100°C to obtain
molded fuel of a density of at least 1000 kg/m 3. Moreover, the invention provides the use of cellulosic wool originated from compact

o shredding of cellulosic material wastes, said cellulosic material formerly being treated in papermaking process, as the main binding
material for the shredded plant biomass, for the preparation of pressure agglomerated molded solid fuel of a density of at least ap -
proximately 1000 kg/m 3.
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Pressure agglomerated molded solid fuel,

method for preparation of agglomerated molded solid fuel and use

This invention relates to a pressure agglomerated molded solid fuel comprising

shredded plant biomass, a method for the preparation of said fuel and an use for the

preparation of pressure agglomerated molded solid fuel.

Limited availability of fossil fuels and environmental issues cause an increase in the

share of renewable fuels in the power generating processes. Legal regulations impose on

the energy providers an obligation towards co-combustion of plant-originated biomass

along with fossil fuels, excluding forestry wastes and residues, that is the requirement to

use the biomass wastes from the agricultural production and energy-yielding plants.

US 4,015,951 discloses a method for the manufacturing of fuel pellets from organic

fibrous material, where the shredded material of a moisture content of 16-28% by weight is

subjected to compressing at a temperature of 148.5-162.5°C. Shredding of the organic

fibrous material, comprising wood and agricultural wastes, is carried our in a hammer mill.

In turn, the international application WO 2010/071440 relates to a method for the

production of pellets or briquettes of a lignin-containing material, of a moisture content of

0-30%, where the material is heated at about 180-235°C by means of steam to soften

the material and release lignin, and then the pelletization or briquetting of material is

carried out. Moreover, WO 2010/093310 discloses a method for manufacturing fuel pellets

from a biological lignocellulosic material, said method comprising heating the

lignocellulosic material under oxygen-free atmosphere, defibrating and pelletizing the

material, where the steps accompanied with heating are carried our at the glass transition

temperature or softening temperature of the lignin contained in the material.

According to another technology, fuel pellets or briquettes, comprising plant

biomass, are prepared by agglomeration of biomass material with a binder.

International publication WO 2010/070328 discloses a method for the fuel pellets

preparation from biomass and silicate binder at an ambient temperature. Similarly,

WO 201 1/094721 relates to a method for preparing compacted fuel form biomass using

a binder that comprises starch and a hydroxide. In turn, WO 2009/102579 discloses

manufacturing of a fuel pellet of a density of 1-1.2 g/cm3 by compacting a mixture of

cellulosic material and thermoplastic polymer having a melting point of 120-150°C.

Another document, WO 201 1/062488 relates to solid fuel manufacturing from plant



materials, starch binder and a long-chain carboxylic acid composition of a melting point of

40-95°C, where mixing of the ingredients is carried our below the indicated melting point

range, and compacting above the indicated melting point range. As the cellulosic material

added to the stock intended for pelletization/briquetting, cellulosic wastes are

contemplated, such as wastepaper.

A publication in "Przeglad Mechaniczny" LXVIII, 9-2009, pages 34-38, shows that

in order to effect agglomeration of the biomass without use of a binder, it is necessary to

subject the raw material to pressure compacting under 80-120 MPa.

It is the aim of the invention to provide a pressure agglomerated molded solid fuel

comprising shredded plant biomass, a method for the preparation of the fuel and the use for

the preparation of agglomerated pressure molded solid fuel which fuel is prepared at low

power cost and without aid of additional binder.

A pressure agglomerated molded solid fuel, comprising plant biomass, according to

the invention is characterized in that it comprises shredded plant biomass and, as the

essential binding material, a cellulosic wool from hammer shredding of cellulosic material

wastes, said cellulosic material formerly being treated in papermaking process, which fuel

shows a density of at least approximately 1000 kg/m . Preferably, the amount of the

cellulosic wool is from 5% to 99% by weight, especially from 15% to 99% by weight. In

particular, the cellulosic wool is a cellulosic wool from hammer shredding of wastepaper.

Preferably, the pressure agglomerated molded solid fuel shows a density of at least

1050 kg/m , especially at least 1100 kg/m , and in particular it shows a density of

1100-1200 kg/m3.

Preferably, a relative mechanical strength coefficient of the molded solid fuel,

defined as a ratio of the destructive pressing force of the pressure agglomerated molded

solid fuel comprising plant biomass and cellulosic wool from hammer shredding of

cellulosic material wastes, said cellulosic material formerly being treated in papermaking

process, to the destructive pressing force of the pressure agglomerated molded solid fuel

comprising plant biomass without cellulosic wool, is at least 2, preferably at least 3, where

the measurement of the destructive pressing force is effected for the mentioned

agglomerated fuels with regard to substantially identical form as to the shape, size and

density.

Preferably, the plant biomass is a material selected from the group comprising crop

straw, corn straw, straw of oil plants and mixtures thereof.



Preferably, the wastepaper is a material selected from a group comprising wastes

from the manufacture of packagings and blanks of white paperboard, brown paperboard,

grey paperboard, technical paperboard, solid paperboard, corrugated paperboard, cardboard

wastes and mixtures thereof.

In particular, the pressure agglomerated molded solid fuel is molded in a pellet

form.

Optionally, the pressure agglomerated, molded solid fuel comprises an addition of

fine-grained carbon material selected from a group comprising anthracite dust, quick-coke,

fine coal and mixtures thereof. Preferably, the amount of fine-grained carbon material is

from 0.1% to 10% by weight.

A method for the preparation of molded solid fuel comprising pressure

agglomerated plant biomass, according to the invention, is characterized by providing plant

biomass and cellulosic material wastes, said cellulosic material formerly being treated in

papermaking process, shredding the plant biomass together with the mentioned cellulosic

material wastes in a hammer rotor mill at an ambient temperature, and by performing

pressure agglomeration of the obtained mixture without aid of a binder, under the pressure

of 15-45 MPa at a temperature below 100°C to obtain molded fuel of a density of at least

1000 kg/m . Preferably, it is obtained a molded fuel of a density at least 1050 kg/m ,

especially at least 1100 kg/m . Preferably, as the cellulosic material wastes, said cellulosic

material formerly being treated in papermaking process, is used a wastepaper in an amount

of 5% to 99% by weight based on the total weight of the batch subjected to shredding in

a hammer rotor mill, especially in an amount of 15% to 99% by weight.

Preferably, the hammer rotor mill is equipped with sieves of mesh at most 8 mm,

and the peripheral velocity of the hammer tips is at least 50 m/s. In particular, the pressure

agglomeration is carried our in a pelletizer with a flat or cylindrical die assembly.

Optionally, the molded solid fuel discharged from the pelletizer is cooled with a stream of

air.

Preferably, the mixture obtained in the hammer rotor mill is subjected to drying to

a moisture content of 8-18% by weight, preceding agglomeration, preferably to a moisture

content of 8-12% by weight.

In particular, the agglomeration is carried out under a pressure of 20-45 MPa to

obtain a molded fuel of a density 100-1200 kg/m3.



Preferably, the plant biomass is provided of a moisture content not exceeding 25%,

especially not exceeding 20%.

Preferably, the plant biomass is provided being pre-crumbled to a size below 100

mm and/or the wastepaper is provided being pre-crumbled in blade mills into strips of a

width below 20 mm.

Preferably, the plant biomass is material selected from a group comprising crop

straw, corn straw, straw of oil plants and mixtures thereof, and a wastepaper is a material

selected from a group comprising wastes from the manufacture of packagings and blanks

of white paperboard, brown paperboard, grey paperboard, technical paperboard, solid

paperboard, corrugated paperboard, cardboard wastes and mixtures thereof

Optionally, preceding the pressure agglomeration, furthermore a fine-grained

carbon material is provided, said material being selected from a group comprising

anthracite dust, quick-coke, fine coal and mixtures thereof, and added in the amount of

from 0.1% to 10% by weight to the mixture of the plant biomass and cellulosic material

wastes, said cellulosic material formerly being treated in papermaking process.

The cellulosic wool from hammer shredding of cellulosic material wastes, said

cellulosic material formerly being treated in papermaking process, according to the

invention, is used as the essential binding material for the shredded plant biomass, for the

preparation of pressure agglomerated molded solid fuel of a density of at least

approximately 1000 kg/m . Preferably, the cellulosic wool from hammer shredding of

cellulosic material wastes, said cellulosic material formerly being treated in papermaking

process, is used for the preparation of pressure agglomerated molded solid fuel of a density

of 1100-1200 kg/m under agglomeration pressures not exceeding 45 MPa.

The pressure agglomerated molded solid fuel of the invention comprises shredded

plant biomass and, as the essential bonding material, cellulosic wool from hammer

shredding of cellulosic material wastes, said cellulosic material formerly being treated in

papermaking process, such as wastepaper. The fuel of the invention is characterized by

a density of at least approximately 1000 kg/m3, preferably of 1100-1200 kg/m3, which

density is obtained under relatively low agglomeration pressures, of below 45 MPa. The

fuel is characterized by a substantial cohesion, and thus by a mechanical strength which is

at least twofold (preferably at least threefold) larger than in the case of agglomerated fuel

of the same density prepared from biomass alone, although the agglomeration of biomass

itself to obtain the same density requires considerably higher pressures and larger amount



of specific work than in the case of exploitation of the solution according to the invention.

The fuel preferably has a form of cylindrical pellets of a diameter of about 0.8 cm and

length of about 0.8-1.2 cm.

The solution of the invention is illustrated additionally in the drawing, where Fig. 1

shows cellulosic wool prepared by means of shredding the wastepaper (wastes from

manufacturing of packagings and blanks made of corrugated paperboard and/or solid

paperboard), in a hammer rotor mill, according to the method of the invention; and Fig. 2

represents a diagram that illustrates comparatively the pressure strength of the molded

solid fuel according to the invention, in a form of pellets, and the pressure strength of the

pellets prepared from a biomass alone.

Within this specification of the invention and the patent claims, the material

referred to as the plant biomass comprises agricultural products and plant wastes from

agricultural production, such as crop straw, e.g. wheat straw, rye straw, barley straw, oats

straw, corn straw, straw from oil plants, such as rape, oil-yielding rape, sunflower, plant

products from energy crops, such as fast-growing trees, e.g. willow (Salix sp.), poplars

(Salicaceae Lindl.) such as white poplar (Populus alba L.), black poplar (P. nigra L.),

trembling poplar P. tremula L), grey poplar (P. cannescens Sm.), and moreover robinia

(Robinia pseudoaccacia L.), common birch (Betula pendula Roth), perennial dicotyledons,

e.g. Virginia mallow (Sida hermaphrodita), topinambour, multiflora rose (Rosa

multiphlora), perennial grasses such as Miscanthus giganteus (Miscanthus giganteus), reed

canarygrass (Phalaris arundinacea), wood materials such as shavings, sawdust, dust and

wood wastes (excluding wastes from wood contaminated with impregnates and protective

layers that may contain halogenated organic compounds or heavy metals) and mixtures

thereof. Preferably, the biomass is crop straw, such as straw from the culture of wheat, rye,

barley, oats, corn straw, straw from oil plants or mixtures thereof.

Within this specification of the invention and the patent claims, the material

referred to as cellulosic material wastes, said cellulosic material formerly being treated in

papermaking process, comprises wastes or residues of cellulosic material, both original and

secondary, prepared from cellulosic paper pulp as a result of at least a partial removal of

lignin from a plant cellulosic material, especially from a wood material. Preferably, the

cellulosic waste material, said cellulosic material formerly being treated in papermaking

process, is wastepaper both from non-bleached and bleached cellulosic paper pulp, and

more preferably wastes from manufacturing of packagings and blanks of white paperboard,



brown paperboard, grey paperboard, technical paperboard and/or corrugated paperboard,

and/or cardboard, and mixtures thereof.

Within this specification of the invention and the patent claims, the molded solid

fuel is the fuel in form of granules or chunks, such as pellets and/or briquettes.

In order to prepare the molded solid fuel from plant biomass, the plant biomass is

shredded and then subjected to the agglomeration. According to the prior art, a mixture

with an binder showing binding properties is subjected to pelletization or briquetting, at an

ambient temperature or a increased temperature, or a mixture after high-temperature

treatment is subjected to pelletization or briquetting, in order to employ binding properties

of lignin contained in the plant biomass. In turn the agglomeration of plant biomass itself at

an ambient temperature or a temperature below 100°C, so as to obtain a density above

1000 kg m3, requires use of relatively high pressures, and moreover a fuel being

agglomerated and molded even under pressures exceeding 80 MPa has unsatisfactory

mechanic strength properties.

The inventors have carried out tests of a pressure agglomeration of shredded plant

biomass (air-dried), exemplified by crop straw and shredded wood shavings. The use of

pressures below 45 MPa failed to provide a granulate of desired density (at least 100

kg/m ) . In order to obtain granulate of a density of at least 1100 kg/cm it is necessary to

apply pressures exceeding 55 MPa, whereas obtaining a granulate of a density 1100-1200

kg/m3 requires pressures of about 60-90 MPa. Moreover, a granulate obtained as a result of

agglomeration at pressure values of 60-90 MPa is characterized by a low mechanic

strength and can be easily crushed. Results of tests are presented in Table 1.

Table 1

Pressure agglomeration of plant biomass materials

Agglomeration pressure [MPa]

Granulate density [kg/m ] Corn straw Shredded wood shavings

600 8.5

700 12.3

800 18 18

900 26 25

1000 38 40

1050 47 5 1

1100 55.6 60

1200 8 1 90



During experimental work concerning agglomeration of biomass mixtures and

cellulosic material wastes (said cellulosic material formerly being treated in papermaking

process), the inventors have found that as a result of shredding of cellulosic material alone

(said cellulosic material formerly being treated in papermaking process), such as

wastepaper (in particular from manufacturing of packagings and cardboard blanks), under

suitably selected conditions in a hammer rotor mill, unexpectedly, a specific form of

cellulosic material is obtained, said form being hereinafter referred to as cellulosic wool.

In pressure agglomeration tests of said cellulosic wool it has been established, even more

unexpectedly, that this material is characterized by exceptionally high susceptibility to

pressure compacting, since even under relatively low values of axial load, of about

14 MPa, a granulate of a density of approximately 1000 kg/m is obtained, and within the

pressure of 22 to 32 MPa a granulate of a density of about 1100 kg/m3 to at least

1200 kg/m3.

Also unexpectedly, the inventors have found that a mixture of cellulosic wool and

shredded plant biomass is characterized by increased susceptibility to compacting, when

compared with the shredded plant biomass not comprising the additive of cellulosic wool.

Nevertheless, direct mixing and shredding of cellulosic wool together with plant biomass

even during a long period of time does not lead to obtaining a mixture of sufficiently

uniform content, and this makes it difficult or even impossible to perform a stabilized

granulation process and obtaining a granulate of stable properties, in particular a granulate

of substantially uniform density. Moreover, prolonged shredding of the cellulosic wool

with plant biomass, along with considerable decrease in the size of mixed grain materials

leads to obtaining a material that does not exhibit this specific susceptibility to pressure

agglomeration that characterizes the cellulosic wool made in an individual bath. The

pressure agglomeration of the mixture of biomass and cellulosic wool, which mixture was

formerly treated in intense shredding, leads to obtaining molded fuel that easily crushes,

and even gets disintegrated, being characterized by low density and low mechanical

strength. In order to obtain densities exceeding 1000 kg/m3, a pressure agglomeration of

such mixture requires use of pressure values considerably higher than the pressure values

being sufficient for a pressure agglomeration of the cellulosic wool alone.

It has been unexpectedly found that the difficulties encountered in obtaining an

uniform mixture of biomass and cellulosic wool may be alleviated with the use of

a method for the preparation of molded solid fuel according to the invention. In this



method, cellulosic material wastes (said cellulosic material formerly being treated in

papermaking process) are shredded together in a hammer rotor mill at an ambient

temperature, and then the resulting mixture is subjected to a pressure agglomeration

without use of a binder, under a pressure of 15-45 MPa, substantially without supplying

a thermal energy. Nevertheless, due to feeding mechanical energy and friction, during

a pressure agglomeration, a heating of operational elements occurs, as well as heating of

material being processed, and this results in increase of the temperature of the mixture and

molded solid fuel obtained, but up to temperatures that do not exceed 100°C. With regard

to the above, in a preferred embodiment of the method, a molded solid fuel following

pressure agglomeration is cooled to the ambient temperature. As a result of applying of the

inventive method, a non-crushing molded solid fuel is obtained of a density at least

1000 kg/m3.

Fig. 1 shows cellulosic wool prepared by way of shredding wastepaper (wastes

from manufacturing of packagings and blanks of corrugated and solid paperboard) in

a hammer rotor mill. Within this specification of the invention and the patent claims,

a material referred to as cellulosic wool prepared as a result of shredding cellulosic

material in a hammer rotor mill, said cellulosic material formerly being treated in

papermaking process, is referred to as cellulosic wool from hammer shredding of cellulosic

material (said cellulosic material formerly being treated in papermaking process)

regardless whether said hammer shredding is effected with the use as the starting material

solely the cellulosic material formerly being treated in papermaking process, or with a

mixture of cellulosic material formerly being treated in papermaking process with plant

biomass.

In preferred embodiment of the inventive method, a hammer rotor mill is used, said

mill being equipped with sieves of mesh of at most 8 mm, more preferably a hammer rotor

mill of a hammer tips velocity of at least 50 m/s.

In a preferred embodiment of the inventive method, as the cellulosic waste material,

(said cellulosic material formerly being treated in papermaking process), the wastepaper is

used in an amount of 5-99% by weight, more preferably in an amount of 15-99% by

weight.

Specifically, preferably as the wastepaper to be used in the method, wastes from

manufacturing of packaging and blanks of white paperboard, brown paperboard, grey

paperboard, technical paperboard, solid paperboard and/or corrugated paperboard, and/or



cardboard, optionally mixtures thereof are used. Before the wastepaper is fed to the

hammer rotor mill, it is crumbled in blade mills into slim strips of a width of for example

about 20 mm.

Preferably, as the plant biomass, crop straw, corn straw, straw of oil plants and

mixtures thereof are used, more preferably crop straw. Before they are fed to the hammer

rotor mill, ballots or blocks of straw are crumbled in an pre-shredder to a size of below

100 mm.

In a preferred embodiment of the method of invention, for the shredding step in a

hammer rotor mill, biomass of a moisture content not exceeding 25%, more preferably not

exceeding 20% is fed. If the mixture used as a result of shredding in a hammer rotor mill

shows a moisture content exceeding 18%, then preceding the pressure agglomeration

additional step of drying of the mixture to a moisture content not exceeding 18%,

preferably not exceeding 12% is used. On the other hand, the material introduced into the

pressure agglomeration should not show a moisture content lower than 8%. If the mixture

obtained as a result of shredding in a hammer rotor mill exhibits a moisture content lower

than 8%, then preceding the pressure agglomeration an additional step of wetting the

mixture to a moisture content higher than 8% is performed, but not to exceed substantially

12% moisture content.

The pressure agglomeration according to the method of invention leads to obtaining

molded solid fuel comprising shredded plant mass and (constituting the main binding

material) cellulosic wool from hammer shredding of cellulosic material (said cellulosic

material formerly being treated in papermaking process). The method provides for

obtaining a fuel of a density of at least 1000 kg/m , preferably at least 1 50 kg m , more

preferably 1100 kg/m , particularly preferably 1100-1200 kg m , under relatively low

agglomeration pressures not exceeding 45 MPa. Moreover, the use of cellulosic wool as

the biomass binding material, leads to obtaining a molded fuel of an enhanced mechanical

strength properties, for example pellets or briquettes, as a result of which crushing of the

fuel is avoided. This effect is attained if the mixture comprises cellulosic wool in an

amount of at least 5% by weight, preferably at least 15% by weight. This content level is

ensured in the method of the invention by feeding to the hammer rotor mill cellulosic

material wastes, said cellulosic material formerly being treated in papermaking process,

preferably wastepaper, more preferable wastes of solid and/or corrugated paperboard or

cardboard that constitute starting material for conversion into cellulosic wool.



Table 2 shows results of the pressure agglomeration of mixtures of air-dry crop

straw and cellulosic wool from hammer shredding of wastepaper. The agglomerated fuel in

a form of granulate (cylindrical pellets) of a density of at least about 900 kg m may be

obtained by the method of the invention under pressures lower than about 15 MPa, and of

a density of at least 1000 kg m under pressures of the order of 20 MPa. The agglomerated

fuel of density of at least about 1100 kg m may be obtained by the method of the

invention under pressures not exceeding about 30 MPa, and of a density of about

1200 kg/m under pressures not exceeding 40-45 MPa.

Table 2

Pressure agglomeration of shredded material

prepared from a mixture of straw (A) and wastepaper (B)

Comparative measurements of mechanical strength of the fuel prepared in a form of

cylindrical pellets of a diameter of 0.8 cm and length of about 0.8-1.2 cm were conducted.

In the measurement tests, the force applied in a direction perpendicular to the pellet axis

was measured, where said force was applied till occurrence of fracture of the pellet.

Measurement were performed for pressure agglomerated pellets of a density of 1200 kg/m3

prepared from a mixture of crop straw and cellulosic wool (originated from hammer

shredding), which mixture contained 80% of straw and 20% of cellulosic wool

(agglomeration pressure of 39.5 MPa) and prepared from crop straw without addition of

cellulosic wool (agglomeration pressure of about 8 1 MPa). In order to standardize the

obtained measure values, the pellet destructive force F was related to the length of the

pellet, with determination of normalized destructive force " for a pellet prepared by the

method of the invention (80% of crop straw and 20% of cellulosic wool), and F for

agglomerated biomass (100% of crop straw). A relative mechanical strength rate for the



molded solid fuel was defined as a dimensionless value of a ration of normalized

destructive force Fn to normalized destructive force F " , i.e. the relative mechanical

strength rate corresponds to the value of the proportion IF

Results of a series of measurements are presented graphically in Fig. 2. On the axis

of ordinates, the values of the pellet length (in cm) are marked, and on the axis of abscissae

the values of the destructive force following normalization relative to the pellet length. For

a pellet of a diameter of 0.8 cm and density of 1200 kg m , prepared from a mixture of

corn straw 80% and wastepaper 20%, the value of destructive force to destruct a pellet of a

length of 1 cm is within the range of 1050-1250 N, i.e. the average value of the destructive

force normalized by pellet length amounts to 1150 N/cm.

For a pellet of a diameter of 0.8 cm and density of 1200 kg/m , prepared from straw

(without addition of wastepaper), the destructive force to destruct a pellet of a length of

1 cm is within the range of 120-290 N, i.e. the average destructive force normalized by the

pellet length amounts to 260 N/cm. Therefore, the relative rate of mechanical strength of

the molded solid fuel, defined as a dimensionless value according to the ratio IF is at

least 2, preferably at least 3.

Therefore, the method of the invention makes it possible to obtain a molded fuel

from plant biomass, which molded fuel is characterized by the required density and

satisfactory mechanical strength properties, where the method makes it possible to obtain

the fuel of such characteristics at considerably lower values of agglomeration pressures

than in the case of pressure agglomeration of plant biomass without addition of cellulosic

wool. Therefore, the method makes it possible to obtain a product that meets the

requirements for renewable fuel to be used in power industry, with lower input of

mechanical energy that the input required for agglomeration of biomass alone. This

advantageous effect is additionally illustrated by the value of specific work necessary to

prepare molded fuel in a form of pellets of a density of 1200 kg/m by the method of the

invention, when compared to the value of the specufic work necessary for pressure

agglomeration of biomass alone for a pellet of a density of 1200 kg/m .



Table 4

Input of energy to obtain final granulate density of 1200 kg/m ,

expressed as effective work (relative to the weight unit)

In the method of invention, preceding the pressure agglomeration, to the mixture

fine-grained carbon materials may be added, such as coal dust, anthracite dust, quick-coke

from the dry-quenched coking process or dried quick-coke from the wet-quenched coking

processes. Preferably, the carbon materials are subjected to additional crumbling before

they are added to the biomass-comprising mixture. The mentioned materials are added in

an amount so as to obtain a content level of 0.1% to 10% by weight, based on the total

mixture.

The invention is further presented by means of the following examples that do not

limit the scope of the invention.

Example 1

13 kg of air-dry straw (moisture content of about 18-20%) of wheat, in a ballot

form, is pre-crumbled to a size of below 100 mm in a pre-shredder. 3 1 kg of wastepaper in

a form of chippers of brown corrugated paperboard and solid paperboard is crumbled in

a blade mill to obtain strips of a width of 10-20 mm. The crumbled wastepaper and

crumbled straw are conveyed to a hammer rotor mill, equipped with sieves of a mesh size

below 8 mm and the peripheral velocity of hammer tips of at least 50 m/s (Humboldt),

where the materials are subjected together to crumbling and shredding. The obtained

mixture is conveyed by means of a screw conveyer to a pelletizer with a flat die assembly

(the mixture has a moisture content of about 7- 18% and it is not dried any further), and

there the mixture is subjected to pressure agglomeration under the load of 30-35 MPa.

During the pelletizer operation, the operation elements are heated up to a temperature of

70-90°C. The pellets discharged from the die assembly are cooled with a stream of air.

Cylindrical pellets are obtained of a diameter of about 8 mm and a length of 0.8-1.0 cm,

and a density within the range of 1100-1200 kg/m .



Example 2

Proceeding according to Example 1, but with the use of 52 kg of air-dry straw

(moisture content of 16-17%) and 13 kg of wastepaper, and with subjecting the mixture to

agglomeration under the load of 35-40 MPa, cylindrical pellets are obtained of a diameter

of about 8 mm and a length of 0.9-1.1 cm, and a density within the range of 1100-1200

kg/m3.

Example 3

35 kg of straw (moisture content of about 22-25%) of rye and barley in a form of

blocks, is pre-crumbled into a size of below 100 mm in a pre-shredder. 15 kg of

wastepaper in a form of chips of grey corrugated paperboard is crumbled in a blade mill

into stripes of a width of 10-20 mm. The crumbled wastepaper and crumbled straw are

conveyed to a hammer rotor mill equipped with sieves of a mesh size of below 8 mm

and the peripheral velocity of the hammer tips of at least 50 m/s (Humboldt), where

the materials are subjected together to crumbling and shredding. The obtained mixture

(of a moisture content of 19-21%) is conveyed by means of a screw conveyor to a drum

drier and subjected to drying to obtain a moisture content level of 9-10%. Then the mixture

is transported by means of a screw conveyer to a pelletizer with a cylindrical die assembly,

where pressure agglomeration is performed under the load of 33-38 MPa. During operation

of the pelletizer, the operation elements are heated up to a temperature of 75-95°C. The

pellets discarded from the die assembly are cooled with a stream of air. Cylindrical pellets

are obtained of a diameter of about 8 mm and a length of 0.9-1.2 cm, and a density within

the range of 1100-1200 kg/m3.

Example 4

Proceeding according to Example 3, but with the use of 39 kg of air-dry straw

(moisture content of 21-23%) and 26 kg of wastepaper, and with subjecting the mixture

(following crubling and shredding) to drying to obtain a moisture content level of 8-9%,

and subjecting the mixture to agglomeration under the load of 35-40 MPa, cylindrical

pellets are obtained of a diameter of about 8 mm and a length of 0.9-1.1 cm, and a density

within the range of 100-1200 kg/m3.



Patent claims

1. Pressure agglomerated molded solid fuel, comprising plant biomass,

characterized in that it comprises shredded plant biomass and, as the essential binding

material, cellulosic wool from hammer shredding of cellulosic material wastes, said

cellulosic material formerly being treated in papermaking process, which fuel shows

a density of at least approximately 1100 kg/m .

2. Pressure agglomerated molded solid fuel according to claim 1, characterized

in that the amount of cellulosic wool is from 5% to 99% by weight, especially from 15% to

99% by weight.

3. Pressure agglomerated molded solid fuel according to claim 1 or 2,

characterized in that the cellulosic wool is cellulosic wool from hammer shredding of

wastepaper.

4. Pressure agglomerated molded solid fuel according to claims 1-3,

characterized in that it shows a density of at least 1050 kg m , especially at least

1100 kg/m3.

5. Pressure agglomerated molded solid fuel according to claims 1-4,

characterized in that it shows a density of 1100-1200 kg/m .

6. Pressure agglomerated molded solid fuel of claims 1-5, characterized in that

the relative rate of mechanical strength coefficient of the molded solid fuel, defined as a

ratio of the destructive pressing force of the pressure agglomerated molded solid fuel,

comprising plant biomass and cellulosic wool from hammer shredding of cellulosic

material wastes, said cellulosic material formerly being treated in papermaking process, to

the destructive pressing force of the pressure agglomerated molded solid fuel, comprising

plant biomass without the cellulosic wool, is at least 2, preferably at least 3, where the

measurement of the destructive pressing force is effected for the mentioned agglomerated

fuels with regard to substantially identical form as to the shape, dimensions and density.

7. Pressure agglomerated molded solid fuel according to claims 1-6,

characterized in that the plant biomass is a material selected from the group comprising

crop straw, corn straw, straw of oil plants and mixtures thereof.



8. Pressure agglomerated molded solid fuel according to claims 1-7,

characterized in that the wastepaper is a material selected from a group comprising wastes

from the manufacture of packagings and blanks of white paperboard, brown paperboard,

grey paperboard, technical paperboard, solid paperboard, corrugated paperboard, cardboard

wastes and mixtures thereof.

9. Pressure agglomerated molded solid fuel according to claims 1-8,

characterized in that it is molded in a pellet form.

10. Pressure agglomerated molded solid fuel according to claims 1-9,

characterized in that it comprises an addition of fine-grained carbon material selected from

a group comprising anthracite dust, quick-coke, fine coal and mixtures thereof.

11. Pressure agglomerated molded solid fuel according to claim 10,

characterized in that the amount of fine-grained carbon material is from 0.1% to 10% by

weight.

12. A method for the preparation of molded solid fuel comprising pressure

agglomerated plant biomass, characterized by providing plant biomass and cellulosic

material wastes, said cellulosic material formerly being treated treated in papermaking

process; shredding the plant biomass together with the mentioned cellulosic material

wastes in a hammer rotor mill at an ambient temperature; and by performing pressure

agglomeration of the obtained mixture without aid of a binder, under the pressure of 15-45

MPa at a temperature below 100°C, to obtain molded fuel of a density of at least

1000 kg/m3.

13. A method for the preparation of molded solid fuel according to claim 12,

characterized by obtaining the molded fuel of a density at least 1050 kg/m , especially at

least 1100 kg/m3.

14. A method according to claims 12 or 13, characterized in that as the

cellulosic material wastes, said cellulosic material formerly being treated in papermaking

process, a wastepaper is used in an amount of 5% to 99% by weight based on the total

weight of the batch subjected to shredding in a hammer rotor mill, especially in an amount

of 15% to 99% by weight.



15. A method according to claims 12-14, characterized in that the hammer rotor

mill is equipped with sieves of mesh of at most 8 mm, and the peripheral velocity of the

hammer tips is at least 50 m/s.

16. A method according to claims 12-15, characterized in that the pressure

agglomeration is carried out in a pelletizer with a flat or cylindrical die assembly.

17. A method according to claim 16, characterized in that the molded solid fuel

discharged from the pelletizer is cooled with a stream of air.

18. A method according to claims 12-16, characterized in that the mixture

obtained in the hammer rotor mill is subjected to drying to a moisture content of 8-18% by

weight, preceding agglomeration, preferably to a moisture content of 8-12% by weight.

19. A method according to claims 12-18, characterized in that the

agglomeration is carried out under the pressure of 20-45 MPa to obtain a molded fuel of

a density 1100-1200 kg/m3.

20. A method according to claims 12-19, characterized in that the plant biomass

is provided of a moisture content not exceeding 25%, especially not exceeding 20%.

2 1. A method according to claims 12-20, characterized in that the plant biomass

is provided being pre-crumbled to a size below 100 mm and/or a wastepaper is provided

being pre-crumbled in blade mills into stripes of a width below 20 mm.

22. A method according to claims 12-21 , characterized in that the plant biomass

is a material selected from a group comprising crop straw, corn straw, straw of oil plants

and mixtures thereof.

23. A method according to claims 14-22, characterized in that the wastepaper is

material selected from a group comprising wastes from manufacturing of packagings and

blanks of white paperboard, brown paperboard, grey paperboard, technical paperboard,

solid paperboard, corrugated paperboard, cardboard wastes and mixtures thereof.

24. A method according to claims 12-23, characterized in that preceding the

pressure agglomeration, furthermore a fine-grained carbon material is provided, said

material being selected from a group comprising anthracite dust, quick-coke, fine coal and



mixtures thereof, and added the mixture of the plant biomass and cellulosic material

wastes, said cellulosic material formerly being treated in papermaking process, in

an amount of from 0.1% to 10% by weight of the mixture.

25. The use of cellulosic wool from hammer shredding of cellulosic material

wastes, said cellulosic material formerly being treated in papermaking process, as the

essential binding material for ground plant biomass, for the preparation of pressure

agglomerated molded solid fuel of a density of at least approximately 1000 kg/m .

26. The use of cellulosic wool according to claim 25, characterized by the use of

cellulosic wool from hammer shredding of cellulosic material wastes, said cellulosic

material formerly being treated in papermaking process, for the preparation of pressure

agglomerated molded solid fuel of a density of 1100-1200 kg/m under agglomeration

pressures not exceeding 45 MPa.
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