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Dryer for preparation of industrial use aggregate material

Field of the Invention

The present invention relates to a dryer for preparation of moist industrial use aggre-

gate material. The invention concerns a dryer comprising a chamber, a dryer material

infeed (infeed), a dryer material outfeed (outfeed) and with a material flow direc¬

tion from the infeed to the outfeed and at least one exhaust outlet.

Background of the Invention

Aggregate material for industrial use is generally stockpiled uncovered until they are

needed and may be exposed to ambient moist atmosphere, rain and snow. The mois¬

ture content in aggregate material may vary but can often be at a high level.

For a wide range of industrial productions the aggregate material has to be heated and

dried to a lower moisture level to be used in the production. Preparation of the moist

aggregate material for industrial use may therefore often involve a heating and drying

process of the moist aggregate material through evaporation of the water contained in

the materials.

Drying systems for preparing aggregate material for industrial use typically comprise

a single chamber and a single heating source for heating and drying the aggregate ma¬

terial. These dryers often comprise drum dryers configured with parallel-flow drums

or counter-flow drums which describes that the heating direction is substantially paral¬

lel and in the same direction as the material flow direction in the dryer-chamber for

parallel-flow drums or that the heating direction is substantially parallel but in the

counter direction of the material flow direction in the dryer-chamber for counter-flow

drums.

Using a single-chamber single-heating dryer may often involve a high temperature of

the heat source with the risk of burning or decomposing the aggregate material during

the heating and drying process. This is due to the fact that the evaporation of the con¬

tained water typically comprises an act of heating the aggregate material to a point



well above water's boiling point to heat and dry the aggregate material sufficiently for

further use.

Industrial products where a high temperature within the dryer may pose various risks

are within wood processing for the furniture industry. Here there is a risk of damaging

the wood at high temperatures especially as the wood is dried out through the process.

Another industry is the asphalt industry where materials are to be heated to a tempera¬

ture typically in the range of 130-160°C for further use in the production. Especially,

the use of recycled asphalt pavement (RAP) has typically required even higher tem-

peratures with the risk of decomposing the bitumen and developing high amounts of

blue smoke.

A lower process temperature in the drying and heating phase is also interesting in

view of a reduction in energy consumption. Another aspect in the drying and heating

phase with a view to reducing energy consumption could be to optimize the regulation

of the process temperatures.

Drying systems for industrial use aggregate material which reduces the output temper¬

ature of the material from the dryer have been suggested especially within the asphalt

industry. US2007/0172313 discloses a heating system for drying and heating worn

road coating materials using two separate modules each module comprising at least

one heating source. US5201839 discloses a drum mixer for hot mix asphalt (HMA)

production with a second heat source wherein the aggregate material is heated and

dried using two rotary drums each provided with a heat source and interconnected by

a conveyor belt. Both systems are suggested for producing asphalt partly comprising

RAP. Both systems use two separate chambers and thus require additional space com¬

pared to conventional comparable dryers.

Object of the Invention

It is an objective of this invention to overcome one or more of the aforementioned

shortcomings of the prior art.



Description of the Invention

The aforementioned aspects may be achieved by a dryer for preparation of industrial

use aggregate material. The dryer comprises a dryer material infeed (infeed), a dryer

material outfeed (outfeed) with a flow direction from the infeed to the outfeed and

at least one exhaust outlet. The dryer comprises a single chamber configured with

at least a first heat source and a second heat source in respective first and second

heating zones. The infeed is in the first heating zone and the outfeed is in the sec

ond heating zone.

The dryer further comprises a first heat source with a first heating direction and is

configured to heat the material to a first temperature in the first heating zone. Fur

thermore, the dryer comprises a second heat source with a second heating direc

tion and is configured to heat the material from a first temperature to a second

temperature in the second heating zone. Thus, the single chamber has at least two

heating zones with two distinct heat sources and aggregate material flow in the

flow direction.

The suggested dryer is a dual-zone dryer. It may also be referred to as a multiple-

zone dryer.

The flow direction describes the resulting flow direction of the material which is

from dryer material infeed to dryer material outfeed. This means that even if the

material is rotated within the dryer, the flow direction is still from infeed to out-

feed.

A heat source with a heat direction may be understood as a heat source which may

heat in a main direction. The heat source may comprise means to direct the heat in

the main direction. These means may be a part of the construction of the heat

source or may consist of an additional construction incorporated in the chamber

construction. A person skilled in the art will know which possible means may be

implemented and how these may be implemented to achieve a heat source with a

heat direction.



Aggregate material for industrial use often comprises a high humidity aggregate mate¬

rial or moist aggregate material when delivered to, or after storage at the industrial

plant. The disclosed dryer may be used for moist aggregate material to be heated

and dried before further processing can take place, or the dryer may be used for dry

aggregate material only to be heated before further processing in the plant. Dried

material in this context may cover any degree of moisture content of the material

but the moisture content must be decreased during the heating process.

The heating and drying process is generally termed heating process in the follow-

ing.

Due to the multiple heating sources and the two heating zones the effect of this em¬

bodiment is that the temperature in the chamber may be kept at stable temperatures.

The advantage of this is a reduced risk of burning or decomposing the aggregate mate-

rial during the heating and drying.

By a stable temperature is meant that the variation in temperature throughout the

chamber from infeed to outfeed may be reduced compared to a single-chamber-single-

heater dryer. Fluctuations or deviations will still occur along the chamber. But due to a

first and a second heating source respectively in the first and second heating zone, the

energy output to heat the material is distributed along the chamber and thus lower

maximum temperatures may be employed.

A further advantage of a stable temperature in the chamber may be a reduction of en-

ergy consumption due to the fact that the heat transmission is time-dependent. Thus a

high temperature difference between the heat from the burner and the material may

not increase the heat transfer comparable to the heat transfer occurring at a lower tem¬

perature difference when considering the energy output from the burner.

Yet another effect of this embodiment may be that the aggregate material may be

heated more aggressively in the first heating zone than in the second heating zone.

The advantage of this may be that the material may be heated and dried faster com¬

pared to single-chamber-single-heater dryer. The degree of how aggressively the ag¬

gregate material may be heated in the first heating zone may depend on the type of



material and the moisture content. But precisely because of the moisture content of the

aggregate material, the aggregate material may be heated more aggressively without

risking burning or decomposing the aggregate material during the heating and drying.

Aggressively heating may refer to that heat energy may transferred at a higher rate,

over a longer period or both compared with the transfer rate typically used in a single-

chamber-single-heater dryer.

Thus, heat energy may be transferred at a higher rate because the latent heat cools the

material due to evaporation, compared with the transfer rate typically used in a single

chamber-single-heater dryer.

Aggregate material may comprise the materials or part of the materials to be used

for the production. This may include virgin raw materials or recycled materials or

a combination of both. The aggregate material may include construction materials

like stone, rock, gravel, sand, minerals. Also included may be raw materials like

wood, clay, plant parts, plastic or other materials for industrial use which enter a pro¬

duction process requiring drying and heating of the aggregate material.

The industrial use may be in the construction industry for producing concrete, cement,

asphalt, or refining of construction materials. Also included but not limited to may be

the timber industry or refineries of wood or wooden chips, plastic industry or produc¬

tions making plastic products, and productions refining plant parts or productions

comprising plant fibres as part of the aggregate material.

Recycled materials are becoming more and more interesting to include as aggregate

material. As one example, but not limited to this, is the construction industry which

has a high interest in recycling asphalt pavement.

The heater sources may be dependent on the industry and aggregate material. The

heater may comprise a direct combustion burner, an indirect combustion burner, other

burner types, other heat sources or a combination of these. The efficiency of combus¬

tion burners for example may be reduced due to a large amount of air in the dryer.



In another embodiment the dual-zone dryer may have a first heating direction and

a second heating direction substantially parallel to the flow direction.

In a further embodiment of the dual-zone dryer at least one of the first heating

direction or the second heating direction is substantially counter-directional to the

flow direction.

Effects of these two embodiments are that the dual-zone dryer may be configured

for either parallel-flow heating, counter-flow heating or a combination of parallel-

flow and counter-flow heating.

One advantage of the above-mentioned embodiments is that the parallel-flow and

counter-flow heating is known from conventional industrial dryers. Due to the sub

stantially parallel alignment of the heating direction and the flow direction, the

heating sources may be arranged substantially parallel with the chamber. Thus, the

chamber may comprise rotational means constructed to be rotated around the flow

direction axis without obstructing the heat path through the chamber. The dryer

may be constructed with the heat sources arranged independently of the rotation

or arranged in a construction that rotates along with the rotational means. Fur-

thermore, the chamber may comprise other transportation means than rotational

means without obstructing the heat path through the chamber which transportation

means may prolong the transport path through the chamber from infeed to out-

feed.

The above-mentioned effect of parallel heating has the further advantage that the dryer

may be constructed using a conventionally known technology and constructed with

convention geometry of industrial dryers.

A person skilled in the art will acknowledge the above-mentioned advantage of lower

working temperatures of the heat sources and the stable temperature throughout the

chamber achieved by providing a parallel heating single-chamber-dryer with a second

heat zone comprising at least one second heat source compared to conventional paral

lel heating single-chamber-dryers with a single heat source.



Furthermore, a skilled person will know that the dual-zone dryer may be substantially

comparable with the construction of conventional dryers and thus the technological

knowledge within dryer construction and industrial plant construction comprising dry¬

ers may be exploited for constructing and applying the dual-zone dryer.

In one embodiment, the dryer may comprise sensor means configured to measure

environmental conditions in the chamber. In another embodiment, the chamber

may comprise regulation means configured to regulate the heat source output of

one or more heat sources, material load or a combination of heat source output

and material load. In yet another embodiment, the chamber may comprise both

sensor means and regulation means as describe above.

The effect of employing sensor means is measurement or monitoring of the envi¬

ronmental conditions in the chamber during the heating and drying process. The

parameters to be measured or monitored may comprise heat source temperature,

chamber temperature, humidity in the chamber, material temperature, moisture

content in the material, exhaust composition, or the like. The measurements may

be effected as direct or indirect measurements.

This is advantageous in regard to verifying the conditions of the materials during

the heating and drying process. Another advantage may be to verify the material

conditions when entering the further production. Yet another advantage is that an

alarm may be utilized for upper or lower limits of a given parameter.

The effect of employing regulation means is regulation of the heating and drying

condition. The parameters to be regulated may comprise the heat source output

and the material load. Material load encompasses material quantity feed to the

chamber, the speed by which material is fed to the chamber or the like.

This is advantageous in regard to obtaining the right conditions in the heating and

drying process by adjusting the material load to the heat output or by adjusting the

heat output to the material load and to the material composition if the material

composition changes from batch to batch. A change in material composition may

be a change in moisture content of the aggregate material, a change in the percent-



age or virgin aggregate material to recycle material or different qualities of prod

ucts requiring different material content or a change in the percentage of the dif

ferent materials.

A further advantage of employing regulation means is to optimize the energy con

sumption by adjusting the material load to the heat output or vice versa as de

scribed above.

Combining sensor means and regulation means has the effect that a feed-back or

feed-forward regulation may be implemented. This is advantageous in regard to

employing a continuous regulation of the process to optimize the process both in

regard to energy consumption and material conditions.

In one embodiment the dryer chamber comprises at least one additional infeed

arranged between the dryer material infeed and the dryer material outfeed.

The effect of this embodiment is that additional ingredients may be fed to the

chamber and to the aggregate material in the dryer during the heating process.

One advantage is that additional material may be added later in the process for

example at a given temperature or moisture content of the aggregate material al

ready in the chamber, or the added material may only be heated for a shorter peri

od of time than the process time from dryer material infeed to dryer material out-

feed. Depending on the function of the chamber the added material may mixed

with aggregate material already in the chamber.

The additional infeed may be for solid materials, fluids or material in other states

and thus the additional infeed may comprise mechanical devices such as nozzles,

jets, scoop openings or the like.

In another embodiment the dual-zone dryer may comprise a rotary drum config

ured to agitate or lift aggregate material during transport in the flow direction. The

lifting or agitation of aggregate material in the drum may be achieved by lifting

flights, paddles or shovels within the rotary drum.



The effect of this embodiment is that the heat is led through the rotary drum filling

the inside of the drum while the aggregate material is agitated or lifted causing a

large surface of the aggregate material to be exposed to the heat.

One advantage of this embodiment is that a larger surface may be obtained for

heat transfer, and thus a larger amount of the heat energy may be utilized. This

embodiment is also advantageous in relation to drying the aggregate material dur

ing the process as the water contained in the cavities within the aggregate material

may be more easily accessible for the heat due to the agitation or lifting.

Another advantage is that the aggregate material may be mixed during the heating

process. This may also be advantageous if additional feeds are employed and thus

material added during the process may by mixed with aggregate material already

in the chamber.

Furthermore, as previously described, a person skilled in the art will know that the

dual-zone dryer may be substantially comparable with the construction of convention

al dryers and thus the technological knowledge within drum dryer construction and

industrial plant construction comprising drum dryers may be exploited for construct-

ing and applying this embodiment of the dual-zone dryer.

In one embodiment the dryer, may be comprised in an industrial plant comprising

one or more production devices or storage means for prepared industrial use aggregate

material. This embodiment comprises interface means between the dryer and the

production device(s) or storage means for the prepared aggregate material.

In another embodiment, the dryer may be comprised in an asphalt plant comprising

one or more production devices or storage means for prepared industrial use aggregate

material. This embodiment comprises interface means between the dryer and the

production device(s) or storage means for the prepared aggregate material.

In yet another embodiment, the dryer may be comprised in a wood processing plant

comprising one or more production devices or storage means for prepared industrial

use aggregate material. This embodiment comprises interface means between the



dryer and the production device(s) or storage means for the prepared aggregate mate¬

rial.

The scope of the invention is by no means limited to the above-mentioned three em-

bodiments. Other embodiments may include plants for production of fabrics using

plant fibres, plants preparing plant fibres for other uses, plants using plastic clay for

the construction industry, industrial plants producing plastic parts or preparing plastic,

which further embodiments by no means are exhaustive. Rather a person skilled in the

art facing similar problems in different fields will be able to appreciate the disclosed

workings and implement those and thereby make use of the invention in other fields

than those here recited. Industrial plant and industrial use should therefore be con¬

ceived as a general term encompassing uses and plants with large scale production or

aiming at batch production.

The effect of the above-mentioned embodiments is that the dryer may be used in vari¬

ous industries with the advantage that the dryer may be implemented in existing or

new plants by establishing the relevant interface means.

Particularly in the construction industry, attempts have been made to improve energy

and production efficiency. In conventional plants for making asphaltic concrete pav¬

ing materials, a stone raw material, recycled raw material and bitumen are mixed,

dried and heated to produce the final product. The raw materials and recycled materi¬

als typically have a moisture content of 5% and, depending on the ambient conditions,

the energy consumption in the heating and drying process may reach levels around

lOO kWh/ton.

Conventional direct-fired prior art drum hot mix asphalt (HMA) plants often utilize a

mixture of virgin aggregate material and recycled asphalt products (RAP). Increasing

the percentage of RAP in the end product is especially interesting. However, RAP

contains bitumen which decomposes at high temperatures well before any of the other

materials are damaged. To recover RAP in the production, the virgin aggregate mate¬

rial is conventionally heated to a point far above the boiling point of water during the

asphalt production process. The increased temperature of the virgin aggregate material

is required because the virgin aggregate material must comprise sufficient heat energy



for heating and drying the RAP in a later mixing process. This heating to above the

vaporization point in the drying and heating process consumes a large amount of en¬

ergy.

The effect of this embodiment, if for example used in HMA plants, is that the RAP

may be added already in the dryer due to the lower temperature in the dual-zone dryer

according to the invention by which decomposition of the bitumen is reduced. Hereby

is achieved the advantage of reducing the energy consumption in the heating and dry¬

ing process, as the virgin aggregate material is not transported from the dryer to the

mixer at a high temperature with a high heal loss as a consequence.

A further advantage is that an increased content of RAP can be achieved in the final

product due to the heating and drying of both the virgin aggregate material and RAP

in the dryer. Thus, the share of virgin aggregate material and RAP is not dependent on

that the virgin aggregate material carrying excess heat energy for heating and drying

the RAP in a later mixing process.

In one embodiment, the dual-zone dryer may be comprised in an asphalt plant. In

this embodiment, the dryer comprises a rotary drum dryer, a set of ring infeeds, a

first heating source with the first zone heating direction in the first direction, and a

second heating source with the second zone heating direction being counter-

directional to the first direction. Furthermore the first temperature in the dryer

may be in the range between water's boiling point and a temperature at which bi¬

tumen starts to degrade so that development of blue smoke from the asphalt pro-

duclion is reduced.

As previously described, one effect of this embodiment is that the RAP may be

added already in the dryer due to the lower temperature in the dual-zone dryer accord¬

ing to the invention by which reduced decomposition of the bitumen is achieved and

consequently less blue smoke is developed. Thereby is achieved the advantage of re¬

ducing the energy consumption in the heating and drying process as the virgin aggre¬

gate material is not transported from the dryer to the mixer at a high temperature with

a high heat loss as a consequence.



A further advantage is that an increased content of RAP in the final product may be

achieved due to the heating and drying of both the virgin aggregate material and RAP

in the dryer. Thus, the share of virgin aggregate material and RAP is not dependent on

the virgin aggregate material carrying excess heat energy for heating and drying the

RAP in a later mixing process.

As previously described, another effect of this embodiment is that the dryer may be

used in various industries with the advantage that the dryer may be implemented in

existing or new plants by establishing the relevant interface means.

Yet another effect of this embodiment is that the heat is led through the rotary

drum filling the inside of the drum while the aggregate material is agitated or lift

ed causing a large surface of the aggregate material to be exposed to the heat. One

advantage of this embodiment is that a larger surface may be obtained for heat

transfer, and thus a larger amount of the heat energy may be utilized. This embod

iment is also advantageous in relation to drying the aggregate material during the

process as the water contained in the cavities within the aggregate material may be

more easily accessible for the heat due to the agitation or lifting. Another ad

vantage is that the aggregate material may be mixed during the heating process.

This may also be advantageous if additional feeds are employed and thus material

added during the process may by mixed with aggregate material already in the

chamber.

Furthermore, an effect of this embodiment is that additional ingredients may be

fed to the chamber and to the aggregate material in the dryer during the heating

process. A set of infeeds may comprise an empty set, a set of one (singleton), or a

set of multiple infeeds. One advantage is that additional material may be added

later in the process, for example at a given temperature or moisture content of the

aggregate material already in the chamber, or the added material may only be

heated for a shorter period of time than the process time from dryer material in-

feed to dryer material outfeed. The material added through additional infeed may

be mixed with the aggregate material already in the chamber.



Furthermore, as previously described, a person skilled in the art will know that this

embodiment of the dual-zone dryer may be substantially comparable with the con¬

struction of conventional drum dryers and thus the technological knowledge within

drum dryer construction and industrial plant construction comprising drum dryers may

be exploited for constructing and applying this embodiment of the dual-zone dryer.

An object of the invention may be achieved by a method of preparing industrial use

aggregate material with a dual-zone dryer. The method comprises the acts of heating

aggregate material in the dryer to a first temperature in the first heating zone using

the first heal source, and heating the aggregate material in the dryer to a second

temperature in the second heating zone using the second heat source. The acts

constitute a continuous process in a single chamber. The first heating direction and

second heating direction are substantially parallel to the flow direction.

An effect of this method is to gain stable temperatures throughout the chamber. The

advantage may be a reduced risk of burning or decomposing the aggregate material

during the heating and drying process. A further advantage of a stable temperature in

the chamber may be a reduction of energy consumption due to the heat transmission

being time-dependent, as previously described.

An object of the invention may be achieved by a method of preparing industrial use

aggregate material comprising the acts of regulating the heat source output of one or

more heat sources or material load or a combination of heal source output and

material load, or measuring environmental conditions inside the dryer. A further

object of the invention may be achieved by a method of preparing industrial use ag¬

gregate material comprising the act of performing a regulation of the heat source

output of one or more heat sources or material load or a combination of heat

source output and material load based on input comprising measured environmen¬

tal conditions inside the dryer.

One effect of this method is to measure or monitor the environmental conditions

in the chamber during the heating and drying process. As previously described the

measured or monitored parameters may comprise heat source temperature, cham-



ber temperature, humidity in the chamber, material temperature, moisture content

in the material, exhaust composition or the like.

This is advantageous in regard to verifying the conditions of the materials during

the heating and drying process. Another advantage may be to verify the material

conditions when entering the further production. Yet another advantage is that an

alarm may be utilized if the measured parameter exceeds the limits for the pro

cess.

Another effect of this method is to regulate the heating and drying condition. The

parameters that may be regulated may comprise the heat source output and the

material load. Material load encompasses material quantity feed to the chamber,

the speed of which material is fed to the chamber or the like.

This is advantageous in regard to obtaining the right conditions in the heating and

drying process by adjusting the material load to the heat output or by adjusting the

heat output to the material load and to the material composition if the material

composition changes from batch to batch.

Yet another advantage of this method is to optimize the energy consumption by

adjusting the material load to the heat output or vice versa as described above.

By this method, regulation of the heat source output of one or more heat sources

or material load, or a combination of heat source output and material load, may be

performed based on input comprising measured environmental conditions inside

the dryer. Thus one effect of this method is that a feed-back or feed-forward regu

lation may be performed.

This is advantageous for effecting continuous regulation of the process so as to

optimize the process both in regard to energy consumption and material condi

tions.



An object of the invention may be achieved by a method of preparing industrial use

aggregate material comprising a further act of feeding aggregate material into the

chamber through at least one additional infeed.

The effect of this method is that additional ingredients may be fed to the chamber

and to the aggregate material in the dryer during the heating process. One ad

vantage is that additional material may be added later in the process, for example

at a given temperature or moisture content of the aggregate material already in the

chamber, or the added material may only be heated for a shorter period of time

than the process time from dryer material infeed to dryer material outfeed. De

pending on the function of the chamber, the added material may be mixed with

aggregate material already in the chamber.

An object of the invention may be achieved by a method of providing an industrial

plant with a dual-zone dryer for preparation of industrial use aggregate material. The

method comprises the acts of providing an industrial plant and retrofitting the existing

industrial plant with the dryer.

The effect of the above-mentioned embodiment is that the dryer may be used in vari-

ous industries, and the dryer may be implemented in existing or new plants by retrofit

ting the dryer. The advantage is that the dryer may be retrofitted into existing plants

with a single-chamber dryer with relevant interface means.

Another object of the invention may be achieved by a similar method of providing

an industrial plant with a dual-zone dryer for preparation of industrial use aggregate

material. This method comprises the acts of providing an industrial plant and retrofit

ting a single chamber of an existing dryer with a second heat source and a second

heating zone. The first and second heat sources are arranged with the first heating di

rection and the second heating direction substantially parallel to the flow direction and

with the first heating direction and the second heating direction substantially facing

each other.

The effect of the above-mentioned embodiment is that the dryer, as in the previous

method, may be used in various industries, and the dryer may be implemented in ex-



isting or new plants by retrofitting the chamber of an existing single-chamber dryer

with parallel heating. The existing single-chamber dryer may already be implemented

in the plant, or the existing single-chamber dryer may be a dryer not yet implemented

in the plant. The advantage of this method is that conventional single-chamber dryers

may be retrofitted into a dual-zone dryer of an existing plant with relevant interface

means between the second heating source and the chamber of the existing dryer.

An advantage of the above-mentioned method is that the parallel-flow and counter-

flow heating is known from conventional industrial dryers. Thus, the chamber may

be constructed for retrofitting a second heating source and heating zone to the

chamber without obstructions to the heat path through the chamber of the first and

the second heat source.

The effect of parallel heating has the further advantage that the dryer may be con¬

structed using conventionally known technology and constructed with convention

geometry of industrial dryers.

Furthermore, a skilled person will know that the dual-zone dryer may be substantially

comparable with the construction of conventional dryers, and thus the technological

knowledge within dryer construction and industrial plant construction comprising dry-

ers may be exploited for retrofitting the dual-zone dryer to an existing plant.

A further object of the invention may be achieved by a method of preparing indus¬

trial use aggregate material by means of a dual-zone dryer. The method comprises the

further act of heating and drying the moist aggregate material in the dryer in the first

heating zone using the first heat source by heating the aggregate material to above

the boiling point of the moisture contained in and to be removed from the aggre¬

gate material so that a phase transition of the moisture from liquid-phase to va¬

pour-phase occurs.

An effect of this method is that the aggregate material is dried in the first heating

zone. The advantage is that a stable temperature at the boiling point is reached in the

first zone. This reduces the risk of burning or decomposing the aggregate material in

the first heating zone. Furthermore, the moisture content of the aggregate material is

reduced as the material moves away from the first heat source which also reduces the



risk of burning or decomposing the material. In the second heating zone the heat out¬

put from the second heat source is only used for heating the material and thus effec¬

tive energy consumption may be achieved.

A further object of the invention may be achieved by use of the dual-zone dryer in

an industrial plant comprising acts of heating aggregate material in the dryer to a

first temperature in the first heating zone using the first heat source, and heating

the aggregate material in the dryer to a second temperature in the second heating

zone using the second heat source. The acts constitute a continuous process in a

single chamber. The first heating direction and second heating direction are sub¬

stantially parallel to the flow direction. The use may further comprise the acts de¬

scribed in the methods above.

Further objects of the invention may be achieved by use of the dual-zone dryer in

an asphalt plant or a wood processing plant comprising the above-mentioned acts.

The use of the invention is by no means limited to the above-mentioned embodiments.

Other uses of the invention may include plants for production of fabrics using plant

fibres, plants preparing plant fibres for other uses, plants using plastic clay for the

construction industry, which further embodiments by no means are exhaustive. Rather

a person skilled in the art facing similar problems in different fields will be able to

appreciate the disclosed workings and implement those and thereby make use of the

invention in other fields than those here recited.

One effect is that the use of the dual-zone dryer may be implemented to existing pro¬

ductions or incorporated in new productions with the advantage that incorporating

the use of a dual-zone dryer may require none or small changes in workflow and

recipes used in a given production.

Description of the Drawing

Figure 1 illustrates one embodiment of the dryer comprising a single chamber and two

heating sources. The chamber comprises two heating zones, and the material flow

direction from dryer infeed to dryer outfeed is illustrated. The dryer is illustrated with

a first and a second heating source.



Figure 2 illustrates two embodiments of the dryer comprising a first and a second

heating source. In fig. 2A, the heat sources face each other. In fig. 2B, the heat

sources face in the same direction.

Figure 3 illustrates an embodiment of the dryer comprising a first and a second heat¬

ing source facing each other where moist aggregate material is dried and heated in the

first heating zone and further heated in the second zone. The temperature curve of the

material in the first and second heat zone is illustrated.

Figure 4 illustrates one embodiment of the dryer comprising a rotary drum and a first

and a second heating source facing each other.

Figure 5 illustrates one embodiment of the dryer comprising a rotary drum and a first

and a second heating source facing each other. The illustrated heat sources are com¬

bustion burners with the hot gas stream shielded from the aggregate material.

Figure 6 illustrates two methods of preparing industrial use aggregate material. Fig¬

ure 6A illustrates one method comprising the acts of heating the materials in a first

heating zone and in a second heating zone in a dual-zone dryer wherein the acts con¬

stitute a continuous process. Figure 6B illustrates another method wherein an act of

heating and drying the material in the first heating zone is comprised. Furthermore,

Figure 6B illustrates additional methods comprising acts such as regulating or

measuring parameters in connection with preparing industrial use aggregate material

and acts of feeding additional material to the chamber during the heating process.

Figure 7 illustrates a method of retrofitting an industrial plant with a dual-zone-

dryer.

Detailed Description of the Invention





One embodiment of the dryer 10 illustrated in fig. 1 comprises a single chamber 150

and two heating sources 30, a first heating source 130 and a second heating source

140. The chamber 150 comprises a first heating zone 230 and a second heating zone

240. The material flow direction 250 runs in the direction from dryer infeed 100 to

dryer outfeed 110. Aggregate material 20 is fed to the chamber 150 through the dryer

infeed 100 and prepared aggregate material 22 is discharged from the chamber 150

through the dryer outfeed 110. The chamber in the illustrated embodiment further

comprises an exhaust outlet 120 placed in the first heating zone 230 for exhaust com¬

prising steam from the moist aggregate material 20 and other gasses or particles re¬

leased during the heating process or the heating and drying process. The exhaust may

be led to further processing which is not shown here but which may comprise decon¬

tamination acts, filtering processes, storage or other relevant process depending on the

type of aggregate material .

Figure 2A illustrates one embodiment of the dryer 0 comprising a first and a second

heat source 130,140 facing each other. The first heating direction 232 and second

heating direction 242 are substantially parallel to the flow direction 250 but with

the second heating direction 242 substantially counter-directional to the flow di¬

rection 250 and thus the heating of the material is counter-directional 270.

Figure 2B illustrates another embodiment of the dryer 10 comprising a first and a sec¬

ond heat source 130,140 facing the same direction. The first heating direction 232

and second heating direction 242 are substantially parallel and in the same direc-



lion as the flow direction 250 and thus the heating of the material is parallel direc

tional 260.

Figure 3 illustrates an embodiment of the dryer comprising a first and a second heat

source 130,140 facing each other where moist aggregate material 20 is dried and heat

ed in the first heating zone 230 and heated further in the second heating zone 240. The

moist aggregate material 20 is fed to the chamber ISO through the dryer infeed 100,

and prepared aggregate material 22 is discharged from the chamber ISO through the

dryer outfeed 110. The material flow direction 250 runs in the direction from dryer

infeed 100 to dryer outfeed 110. The temperature curve of the material vs. position in

the chamber is illustrated by the dotted line in fig. 3. At infeed the temperature of the

aggregate material 20 is below the boiling point temperature of the moisture (T_b)

contained in and to be removed from the aggregate material. During transport

through the first heating zone 230 in the flow direction 250 the aggregate material

20 is in the first part of the zone heated to T_b. After reaching T_b the tempera

ture is substantially steady at T_b for a given time interval because a phase transi

tion of the moisture from liquid-phase to vapour-phase occurs. This time-interval

and length of transport of the material depend on the heat source output, moisture

content, heat transmission in the material, material load, material type, size of raa-

terial grains and the like. Due to the phase transition taking place the energy out

put from the heat source is primarily used for drying the material. And thus, as

illustrated on the temperature curve in fig. 3, the material temperature is substan

tially steady during transport through a second part of the first heating zone 230.

When the moisture content approaches zero, the energy output from the heat

source primarily heats the material and thus the temperature increases above T_b

to the first temperature 210 as the material is transported through the last part of

the first heating zone 230. The material temperature continues to rise from the

first temperature 210 to the second temperature 220 through the second heating

zone 240 because the energy output from the second heat source 140 is primarily

used for heating the material 20. The dried and heated material is then discharged

from the chamber through the outfeed 110.

For this embodiment a specific example shows a calculated reduction in energy

consumption of 1.3% compared to a single-heater single-chamber dryer. The cal-



culaled example is for the asphalt industry using aggregate material 20 with 5%

moisture content, a material load 370 of 100,000 kg h fed to the dryer 10, a mate

rial temperature at infeed of 12°C and 160°C at outfeed, and with an air surplus in

the dryer. The material parameters used are: Enthalpy for evaporation 2662 kJ/kg,

heat coefficient C_p for dry asphalt 1.98 kJ/kg*K, heat coefficient C_p for wet

asphalt 2.1 kJ/kg*K. Using a dual-zone dryer in which the efficiency is that 90%

of the heat from the first heat source 130, an efficiency of 70% of the heat from

the second heat source 140 is used for heating and drying the material, and the

first temperature 210 of the material is set to 105°C, the total energy supply from

the heaters are 14.2 MW. The total energy supplied is supplied as 10.1 MW from

the first heat source 130 and 4.1 MW from the second heat source 140. A conven

tional single-heater single-chamber dryer with an efficiency of 78% should pro

vide 15.3 MW.

In the example, the dual-zone dryer comprises a heat source with lambda, λ= .

for the first heating zone 230 and a heat source with lambda, λ=4.5 for the second

heating zone 240. For the conventional dryer, a heat source with lambda, λ=2.5 is

used. Lambda is a value expressing the access air in the dryer. The amount of air

may be regulated according to the combustion of the burner.

A person skilled in the art will know how to calculate the energy required for oth

er material types, moisture content, temperatures, and use heat sources with other

parameters. Furthermore, a person skilled in the art will appreciate the relevance

of the parameters employed in the above example for the burners and the material.

Figure 4 illustrates one embodiment of the dryer 10 comprising a rotary drum 170 (not

illustrated) and a first 130 and a second heating source 140 facing each other. The

aggregate material 20 is fed to the chamber 150 through the dryer infeed 100 and en

ters the rotary drum 170 configured to agitate or lift the aggregate material 20 during

transport in the flow direction 250. Thereby the aggregate material 20 is mixed and

exposed to the heat energy from the heat sources 30 during transport through the

chamber. The lifting or agitation of aggregate material in the drum may be achieved

by lifting flights, paddles or shovels within the rotary drum 170. The prepared ag-



gregate material 22 is discharged from the chamber ISO through the dryer outfeed

110.

Figure S illustrates one embodiment of the dryer comprising a rotary drum and a first

130 and a second heating source 140 facing each other. The illustrated heat sources

are combustion burners with the hot gas stream shielded from the aggregate mate

rial. In this embodiment, the heat sources 30 extend a considerable way into the

chamber and thus the respective heating zones. The aggregate material is fed to

the chamber such that the material is heated due to indirect heating from the

shielding pipe of the first heat source. The aggregate material lifted by the rotary

drum is thus shielded from the direct heat of the combustion burners as the mate

rial falls from the upper part of the chamber to the lower part. In the subsequent

part of the first heating zone where the temperature of the hot gas stream has de

creased, the hot gas stream is no longer shielded, and thus the aggregate materiel

20 is directly heated by the hot gas stream. As the material 20 approaches the out-

feed 110 in the second heating zone 240, the material heating goes from direct

heating to indirect heating because the shielding of the second heat source 140

extends into the second heating zone 240 passing the outfeed and further into the

chamber 150 in the direction of the first heating zone 230.

In figure 6 two methods 400 of preparing industrial use aggregate material are illus

trated. Figure 6A illustrates one method 400 comprising the acts of heating 410 the

material 20 in a first heating zone 230 and in a second heating zone 240 in a dryer 10

wherein the acts constitute a continuous process. Figure 6B illustrates another

method 400 wherein an act of heating 410 and drying 480 the material in the first

heating 230 zone is comprised. Furthermore, Figure 6B illustrates additional meth

od acts such as regulating 420 on or measuring 430 of parameters in connection

with preparing industrial use aggregate material and acts of feeding 450 additional

material to the chamber 150 during the process of preparing industrial use aggregate

material. Parameters to be regulated may comprise heater output 360, material

load 370 or a combination of material load 370 and heater output 360. Regulation

of the material load may also comprise material load feed to the chamber through

additional infeed 160 (not illustrated).



Figure 6B illustrates yet an additional method 400 comprising an act of performing

440 regulation of one or more heat source outputs 360, regulation of the material

load 370 or regulation on a combination of heat source output 360 and material

load 370 based on input comprising measured 430 environmental conditions 350

inside the chamber, so that a feed-back regulation on the process of preparing in

dustrial use aggregate material is performed.

Figure 7 illustrates a method 400 of retrofitting 470 an existing industrial plant 50

with a multiple-zone-dryer 10. The method 400 comprises the acts of providing

460 an industrial plant 50 for whose production the preparation of industrial use

aggregate material is relevant, and retrofitting 470 the existing industrial plant 50 with

the dryer 10. Another method 400 may comprise the act of retrofitting 470 a single

chamber 150 of an existing dryer 60 with a second heat source 140 and a second heat

ing zone 240.



CLAIMS

1. A dryer (10) for preparation of industrial use aggregate material (20) comprising a

dryer material infeed (100), a dryer material outfeed (110) with a flow direction

(250) from the infeed (100) to the outfeed (110) and at least one exhaust outlet

(120) characterized in that the dryer (10) comprises

- a single chamber (150) configured with at least a first heat source (130) and a

second heat source (140) in respective first and second heating zones (230,240)

where the infeed (100) is in the first heating zone (230) and the outfeed (110) is in

the second heating zone (240);

- the first heat source (130) with a first heating direction (232) and configured to

heat the material to a first temperature (330) in the first heating zone (230); and

- the second heat source (140) with a second heating direction (242) and confi g

ured to heat the material from a first temperature (330) to a second temperature

(340) in the second heating zone (240);

so that the single chamber (150) has at least two heating zones (230,240) with two

distinct heat sources and aggregate material flow in the flow direction (250).

2. Dryer (10) according to claim 1 characterized in that the first heating direction

(232) and second heating direction (242) are substantially parallel to the flow di

rection (250).

3. Dryer (10) according to any of the claims 1or 2 characterized in that at least one

of the first heating direction (232) or the second heating direction (242) is substan-

tially counter-directional (270) to the flow direction (250).

4. Dryer (10) according to any of the preceding claims characterized in that the

dryer (10) comprises

- sensor means (152) configured to measure environmental conditions (350) in the

chamber (150)

- regulation means (154) configured to regulate the heat source output (360) of

one or more heat sources (30) or material load (370) or a combination of heat

source output (360) and material load (370);

- or sensor means (152) and regulation means (154).



. Dryer (10) according to any of the preceding claims characterized in that the

chamber ( SO) comprises at least one additional infeed (160) arranged between

the dryer material infeed (100) and the dryer material outfeed (110).

6. Dryer (10) according to any of the preceding claims characterized in that the

dryer (10) comprises a rotary drum (170) configured to agitate or lift aggregate m a

terial (20) during transport in the flow direction (250).

7. An industrial plant (40) comprising one or more production devices (42) or stor-

age means (44) for prepared industrial use aggregate material (22), which plant (40)

comprises a dryer (10) according to any of the claims 1 to 6 and interface means

between the dryer (10) and the production device(s) (42) or storage means (44) for

the prepared aggregate material (22).

8. An asphalt plant (40) comprising one or more production devices (42) or storage

means (44) for prepared industrial use aggregate material (22), which plant (40)

comprises a dryer (10) according to any of the claims 1 to 6 and interface means

between the dryer (10) and the production device(s) (42) or storage means (44) for

the prepared aggregate material (22).

9. An asphalt plant (40) according to claim 8 characterized in that the dryer (10)

comprises

- a rotary drum dryer (170);

- a set of ring infeed (180);

- a first heating source (130) with the first zone heating direction (232) in the first

direction (250);

- a second heating source (140) with the second zone heating direction (242) being

counter-directional (270) to the first direction (250); and

- a first temperature (330) in the range between water's boiling point and a tem-

perature at which bitumen starts to degrade so that development of blue smoke

from the asphalt production is reduced.

10. A wood processing plant (40) comprising one or more production devices (42)

or storage means (44) for prepared industrial use aggregate material (22), which plant



(40) comprises a dryer (10) according lo any of the claims 1 to 6 and interface

means between the dryer (10) and the production device(s) (42) or storage means

(44) for the prepared aggregate material (22).

11. A method (400) for preparation of industrial use aggregate material (20) with a

dryer (10) according to any of claim 1 to 6 comprising acts of:

- heating (410) said aggregate material (20) in the dryer (10) to a first temperature

(330) in the first heating zone (230) using the first heat source (130) and;

- heating (410) said aggregate material (20) in the dryer (10) to a second temperature

(340) in the second heating zone (240) using the second heat source (140),

wherein the acts constitute a continuous process in a single chamber (ISO) and the

first heating direction (232) and second heating direction (242) are substantially

parallel to the flow direction (250).

12. Method (400) according to claim comprising further acts of:

- regulating (420) the heat source output (360) of one or more heat sources (30) or

material load (370) or a combination of heat source output (360) and material load

(370);

- measuring (430) environmental conditions (350) inside the dryer (10); or

- performing (440) a regulation of the heat source output (360) of one or more

heat sources (30) or material load (370) or a combination of heat source output

(360) and material load (370) based on input comprising measured (430) envi

ronmental conditions (350) inside the dryer.

13. Method (400) according to any of the claims 11 or 12 comprising a further act of

feeding (450) aggregate material (20) into the chamber (150) through at least one ad

dition infeed (160).

14. Method (400) of providing an industrial plant (40) with a dryer (10) according

to any of the claims 1 to 6 for preparation of industrial use aggregate material (20)

comprising acts of

- providing (460) an industrial plant (50); and

- retrofitting (470) the existing industrial plant (50) with the dryer (10).



15. Method (400) of providing an industrial plant (40) with a dryer (10) according

to any of the claims 1 to 6 for preparation of industrial use aggregate material (20)

comprising acts of

- providing (460) an industrial plant (50); and

- retrofitting (470) a single chamber (150) of an existing dryer (60) with a second heat

source (140) and a second heating zone (240) where the first and second heat sources

(130,140) are arranged with the first heating direction (232) and the second heating

direction (242) being substantially parallel to the flow direction (250) and with the

first heating direction (232) and the second heating direction (242) substantially facing

each other.

16. Method (400) according to any of the claims 11 or 12 comprising the act of heat¬

ing (410) and drying (480) the moist aggregate material (20) in the dryer (10) in the

first heating zone (230) using the first heat source (130) by heating the aggregate

material (20) to above the boiling point of the moisture contained in and to be re¬

moved from the aggregate material so that a phase transition of the moisture from

liquid-phase to vapour-phase occurs.
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