Acta Montanistica Slovaca Wlume20(2015), numbeB8, 209-219

Complex research and innovation program of the rawmaterials
thermal treatment

Jan Spisak, Martin Truchly®, Dusan Nagak' and Jdlius LiSuch'

Thermal treatment of raw materials takes place anynindustries, especially in mining and processidystry. Thermal processes
significantly contribute to the total cost of pration and their technical and technological levgngficantly impacts the competitiveness
of manufacturing companies in world markets. In fieéd of thermal treatment of carbonate raw madksj shaft furnaces, rotary kilns
and deck furnaces are mainly used. By backgroutiching of these aggregates, their rationalizatmpportunities have been practically
exhausted. Further improvement is possible by ngavia existing innovation borders or changing tffedent design solutions.
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Introduction

In industrial practice, innovation processes ardeustood as the realization of individual innovasio
or their parts. They provide a qualitative and ditative change in products, processes, and steictu
of production and technical base with all economamgl social context. The intention of the researctvigy
of Development and realization workplace of raw enals extracting and treatment (VRP) is through to
the needs of industrial practice-oriented appliesearch, particularly in the thermal treatmentas¥ materials
intensifying transfer of conceptually new knowledgel technology to the Slovak business practicl thi¢ aim
to help increase its competitiveness on the Europed world market.

Thermal treatment of raw materials is currentlyriegr predominantly by heat exchange through thiaser
layer of the material, or by a transition of theahexchange medium through the stationary layerimgov
on the belt. A specific feature is the shaft fuesmmtended for the processing of a coarse-grdiagzh, wherein
the heat-exchange medium counter-currently passethd vertical direction gravitationally and thetdia
moving. Another category is devices for thermahtmeent of the fine-grained and dusty material, Whiarried
the processes in a fluidized state. Fluidizatioceisied out either mechanically or pneumaticdily.

Depending on the granularity, shaft furnaces, yofarnaces, multilayer, fluidized and fountainsrfaces
are used in wide range for the thermal treatmemtawf materials in the world at present. The diwdof these
thermal aggregates can be possibly made accordirthet granularity of the processed material, asvsho
in the first part of Fig. 1.

The current main trend in the thermal treatmemaef materials is the emphasis on environmentakggne
and overall process efficiency. In compliance wtitis trend, a comprehensive research and innovatiogram
of raw materials thermal treatment processes Isoedded in our VRP. It contains, in addition to theovative
program for existing thermal aggregates (a complgtimization program of rotary and shaft furnaced$o
a broad spectrum of research of conceptually nennthl aggregates, in which furnaces in a thin catliager,
rotary fluidized furnaces, microfluidic furnacesdahybrid furnaces (combined) are developed. Thédidig
of these thermal aggregates can also be possibtle macording to the granularity of the processqalitin
material, as shown in the second part of Fig. L. [2

L doc. Ing. Jan Spisak, PhD., Ing. Martin Truchly,[lRhing. Dusan Na%k, PhD., Ing. Julius LiSuch, PhDDevelopment and realization
workplace of raw materials extracting and treatmEatulty of Mining, ecology, process control arebigchnology, Technical University
of KoSice, Letna 9, KoSice, Slovak Repubjim.spisak@tuke.sk

209



Jan Spisak Martin Truchly , DuSan Nagak andJulius LiSuch: Complex research and innovation program of thkemeterials thermal
treatment

200

10 2 0,5 100 pm 0

: Shaft furnaces : : : : Fluidization
H v . : Rotary furnaces * : and

- fountain
furnaces

Multilayer
furnaces

ACTUAL
STATE

Shaft furnaces -
Furnaces in a

e COmpact thin e ,
: : layer : :

Microfluidic furnaces

Rotary
: fluidization :
: furnaces :

DEVELOPMENT
TREND

Fig. 1. Splitting aggregates by grain of procesesterial.

Complex optimization of shaft and rotary furnaces

The primary purpose of all innovation processes medsures on a shaft and rotary furnace aggregates
the effort to streamline the burning of the prodogtreducing the specific consumption of used aral energy
per unit of production while maintaining standaidhhquality of production and reduction of enviroamtal
impacts. This can be achieved by the applicatioseseral innovation and optimization measures, aichv
proposal and construction the research of VRP fexys]

Shaft furnaces
A complex optimization program of shaft furnacesludes a range of technical (constructional)
and operational measures, whose common objectivesgeamline their operations. The optimizatioogram
contains mainly these measures:
e solutions for the batch filling system, in varioodes, according to the particular needs of theaite,
respectively the technological process implemettieckein,
e solutions aimed at flue gas pull away, control paters and the use of their potential,
« targeting a fuel process and the uniform heat geioer of the cross section of the furnace,
« solutions aimed at reducing the heat loss of threafte shell, by proposing more appropriate linings,
insulation, use of heated air in the furnace shell,
« solutions for system cooling and sampling of thedpict,
«  solutions for more efficient monitoring and contadlthe thermal treatment process.

The most interesting solutions of the said portfaie attributable developed combustion systernuelf f
cycle working burners, which operational verificatiis currently underway. This new combustion syste
of fuel solves one of the most serious problemthéthermal treatment of materials in a shaft faenavhich
is the temperature field inhomogeneity in a simgifurnace zone. This problem has a major effec¢hemquality
of the product produced and the actual performasfcthe furnace, due to the need to abstain longan f
the material in the furnace to eliminate the oocemece of unburned originating from areas of the daen
at the lowest temperature. To remedy these shomgsnthe cyclic system was designed by burners,
respectively controlled by limiting the supply ofiet combustion mixture to the burners. This ensures
the deflection of the secondary air channel of #xés of the furnace to areas with lower temperature
and the flame is shifted from the edge of the foen#o the center. A hitherto phase solution washed
to confirm the basic concept of the functioningtled cyclic burners in shaft furnaces. A laboratoydel was
created (Fig. 2a), which was verified by the pites of functioning of the system and the contrydtem
for controlling it. To control work model used amgilified user interface (Fig. 2b), allowing the tsey
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of parameters otycling primary air supply to the burner system andasure the temperature in the e
of material. [4] Currentlythe pilot opeational verification regarding SMZ runs JelSave

GONIROL SYSIEM OF GYCLIC SURNERS FUR SHAF | FURNACE MUDEL

Fig. 2. A hboratory model of cyclic burners athe sample of aser interface for the cyclical burners controll.

Rotary furnaces
The ®mplex optimization program of rotary furnaces éstssof technical (construction) and operatio

measures. Optimization program includes the follmagolutions

the selfregulating continuous batch filling system, enalplto operate the height dayers of material
in the furnace,

solutions aimed at flue gasull away, control their parameters and the usehefr potential, whict
represents the new radial sealing of cold and Ipgedl head, intensified dusty chamber, batch pteh
in a thin compadayer or fluidized laye

solutions to control heat trarer surface area, for exampl@ternals (internal construction par
and change layer height,

solutions aimed at fuel combustion processes amdraloof the temperature profile along the len
of a furnace cross-sectithrougt the intelligent diffusion furnace burner,

solutions designed to redutiee heat loss of the furnace jacket, by proposing nagpropriate linings
insulation, use of heated air from furnace jac

solutions for a contradystem for cooling and sampling of the proc

effectivesolutions for monitoring and controlling thermaddtment proces

To illustrate the above portfolio of meast, the following solutionsvere chosen and described in d

The selfregulating continuous batch dispenser to rotary funace
The device providescontinuou feed to the rotary furnace, selfaintaining of a defined heig

of thematerial in the work areas of processing equipmant eliminates overflow of feed material fre
the rotary furnace at its dosag#githin the furnace, a dampergether with a set of stirrer blac are placed,
whose task is to return thendersiz. material (Fig. 3). This design of the setgulating dispenser allows
continuous dosing of input material into the rotémynace with eliminating his slump out of teological
equipment. A norslip barrier is achieved by mixing the materiatle layer with less thickness. This solut
also helps to increase heat transfer rates andwetien in heat loss of the furnace jacket. At siagne tim,
the change in the form of bataiovement contributes to the reduction of mechaniesr of lining. [4

Fig. 3. Batch dispenser.

The radial sealing of rotary and static contact pat of the furnace
Control of the furnace atmosph«preventghe uncontrolled suction of air into the furnacespectively flue

gas channels, so is essential to enst the optimal hydrodynamic conditions in tHurnace. The existing
technical solutions do not alloprolonget contact with a perfect seal rotatifigrnace jacket and statione
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heads (hot dip and cold). A new type of contacthwidial sealaxial pressure (Fig. 4) provides a mett
for sealing the gap between the moving and stationary. @he problem of leakage, respectively me
penetration inthe joint of the two parts of the dev, is transferredn the direction of the movable p:
to the location of the seal, whighdesigne for moving parts. [4]

Fig. 4. Radial sealing.

Cooling of thefurnace jacket control systen

To reduce the heabs$s of the furnace jacl, a controlled system faooling of furnace jackewas designed
(Fig. 5). A controlled systenfior cooling of furnace jackeis a new solution aimed at reducing heat
of thefurnace jacket integrated into the technologicalcess. The proposed solution is also -effective
and operationally efficientBy the cooling of furnace jacket controlled stem of the rotary furnac
the formation ofin air gap between the shell and the surroundirigthe length of the furnace which
anadjustable quantity of the cooling air dischary is distractedan amount of heat, the temperat
of thesurface of the jacket does not exceed the permissibleby design (about 350°( [5]

Double jacket

+  Security system
* Pipes for heated
air distribution

Rotary furnace
shell

Fig. 5. Cooling of furnace jacket control system.

Smart diffusion burner

The diffusion burner (Fig. 6) is a device designedake full advantage of the secondary air inmo
andother facilities. Its main advantage is that itldea the efficient mixing of fuel with air and doest require
any primary air. It makes full use of the heat ptitd of the products, reduce specific fuel constiam reduce
the total gas volume andhdreas of a specificoutput device. The diffusion burner has a concegeb
on theradial arrangement of the flame. The proposed isoinables efficient combustion of the secondar)
Results of experiments confirmed that the develdpeder ensuss the efficientransfer of heat to the proces:
material and very goodemperature resistanciTo verify the functionality of theburner an increased
performance of furnacesas achieve at the same fuel consumption. [6]

Fig. 6. Smart diffusion burner.
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Batch preheater for furnace

Installation of abatch preheater (Fig. 7)ill significantly contribute improving oénergy side of thermal
process in the furnac&his device is the result of joint research depeien-implementation work cthe BERG
Faculty of TheTechnical University in KoSice thecooperation with ATIM, s.r.0. KoSicThis is a completely
new typeof thermal aggregate, to tithermal treatment of granular materials in the thinamic layer. Its main
contribution is the use of wasteeat for preheating the batch to the rotary furnasel thus significantl
increases its performance. [5]

Fig. 7. Batch preheater.

Innovated (new) thermal aggregates

To achieve more efficient processes thermal treatmentrespectively for thethermal treatment
of previously untreated fractionthe following conceptually new type of heat aggtegafor the processir
of raw materialsvere designed and valida by the research in VRP:

RORP (high-revolution rotary furnace)

The high-revolutiorrotary furnaceis prepared for the thermal treatment of fgrained ancdusty material
in a mechanically fluidized layer. The mechanidaidization is carried out by increasing the spaethe exten
that the material in the furnace is evenly distted over the cross section of tifurnace. Fluidization
of the material is achieved at tlegjuilibrium of centrifugal and gravitational forceAt the critical speed,
thematerial fills the entire cross section of furnace. Thus, achieving the optimumnditions for the transfe
of heat, as it significantly increases the heatharge area. As a result of falls and the rotaticpsec
of the material, the heat transfer coefficie increases. Aggregate cahe configure as co-current
or countercurrent. Givetthe local flow, it is a transverse movement of the material and ltmgitudinal
movement of combustion gass&egardin: heat transfer, essential factors affecting heat transfer, the gre
size and filling of the furnacé&heir direct us affects the size of the exchange surface betwesmtterial ant
the hot gas. Theethnological advantage of thigh-revolutionfurnace is that the movement of the mate
isindependent of the movement gasses, which allows efficient control of therformance of thdurnace.
A heat source for the higtevolutior furnace may be provided directly in the combusspace of the furnac
or in a separate combustion chamber. The limiting facddhe maximum flow rate, near which the mate
is carried away by flue gasses.

In mechanical fluidization, the residence time iokfparticles in the layer is the longest and retaspeec
the lowest. This is bewse the movement cine particles in the radial direction due to gtatibnal
and centrifugal fares is slower than with larger particles. The heansfer comgred to the conventioni
furnace is increased about @mes, which allows reducing the dimensions fursaaeouiten times. Improved
performance has a significant impact on the useeat de to thedrop in temperature of outgoing fligasses
and the reduction ofthe size of the furnace shell withproduct heatrecovery. Conceptually, the furna
can be classified as a hightensity working thermal aggregate. Diagram of high+evolutior rotary furnace
is in Fig. 8. [7]
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Fig. 8. RORP scheme.
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The research program focasen the mechanical fluidizatiomnd its use for thermal processing of 1
materials began on a cold laboratory model of R@RB. 9). The model consisted organic glass and had
adiameter of 240 mm and a length of 1.5 m. Onmodel, the speed was controlledthe range of -50 rpm.
The goal was to investigate the effects of thektiiss of the material bed to the size of critigedesd ¢ which
it occurs, andhe fluidization of the fluidization effect of thegssure loss in the furna

Fig. 9. RORP laboratory model.

The result of laboratory research was the knowldtgethe particles carrying away are directly dejent
on the speed of the flowing mediutrThe experimental data obtained shdtivat the furnace can oper:
at theflue gas velocity of about 1 n'. The maximum carrying away of dust particles determirtes flow
of gaseous medium and thus thassiblc power unit per unit area of its crossetion. The ratio of the mec
is determinedy the planar cross section of aggregate. Heatagiheerin-technical parameters were verifi
by theexperimental RORP model (Fig. 1

Fig. 10. RORP experimental model.

Implementation of the pilot operating RORP (Fig.) ‘was performedoy prepartion of the technical
project. The project was developed based on previesearch, supplemented by mathematical simul:
Based on the results of simulations of various ages of furnace, construction elements arthe support part
of the equipment wer designed and manufactu. The pilot operational RORP, compared to conveatli
rotary furnaceshas increased the speed of rotaiseveral timegclassical rotary furnace- 0,4 rpm; RORP -
max. 42 rpm).

|||mm|r||||!_'

m -
|LI B

iy

Fig. 11. Pilot RORP.

Performed experimis fully confirmed the validity of the principlef anechanical fluidization an
functionality of the highrevolutior furnaces. The combustion systems using difeusion burner allow:
effective secondary useceoling air for combustion. [

Microfluidic furnace

In microfluidic furnace (Fig. 1.), the material is fluidized in a througlir style in countercurrent flo
of the materialThe device consists @ number of chambersshich have the character of a perfect blend
Therefore, the material can be seen in eaclwell homogenizedFrom a thermodynamic point of vi,

214



Acta Montanistica Slovaca Wlume20(2015), numbeB8, 209-219

it is the optimal maximum number of chambers, athwin increasing number of process chambers aee clo
to the net countercurrent. The Proper function teé microfluidic layer is subject to a continuouswil
of material. This parameter can affect the sizesirape of the hole interconnecting individual charab

The gaseous medium at the inlet to the reactor bbanprovides fluidization of material located
at the bottom of the chamber. The fluidized matasialrifting to the top of the chamber, whereatirculates
and the material from the higher located chambexdided to it. Gaseous medium progress to highexttddc
chamber. Each chamber is an autonomous reactorewihpst-output section must be set to specific gssc
conditions, as the number of media for each chanshaot individually adjustable.

a)

Gas
Material

Fig. 12. Laboratory model of the microfluidic farce) process mechanism b) detail of the processibaac) model facility.

Specific to the microfluidic layer is the fact thi#e secondary combustion air is used, and it ssipte
to multi-stage combustion in several combustionntbers when the burning media in the next combustion
chamber are combustion gasses from the previousbustion chamber. For low-temperature processes,
for example, the drying process cannot be donectiirein the combustion chamber of the material
and separately in the combustion chamber. The tegiperature combustion process can be performedtlyir
in the material section. The physical and matherahtimodeling was used to build the prototype
of the microfluidic furnace. For physical experirnt&grthe experimental equipment was used. The expetal
microfluidic furnace has nine fluidization chamheensuring of drying, heating, calcining and coglin
of the material. The burner is positioned in theesgh chamber. The calcination of magnesite expaErtm
were conducted in the furnace. Filling the chamioiersends on the rheological and hydromechanicalitons
in individual chambers. Fig. 13 shows the tempeeatourse of the experiment. [7]
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Fig. 13. The course of temperatures.

The verification of operation and operating pararsetwere carried out in the furnace, and the result
were used to calibrate the mathematical model. Véréfication of operation has included the confitioa
of the self-regulation movement of a material tlylouhe furnace, which is fully confirmed. For operaal
parameters, the power density and thermal effigiemere detected. The specific power ranged from k2
of product per 1 rhdevice. The specific gas consumption was 1267 hising the pre-calibrated mathematical
simulation model, the microfluidic pilot scale/seagerational furnace was designed (Fig. 14).
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Fig. 14. The semi-operational microfluidic furnace.

The furnacehas nine chambeiagain, and the burner is again pladgedhe 7th chamber fro the top.
Thenumber of chambers of the zones of the processndspen the nature of the process. This furr
is designedor caustic magnesite. Through the Ichamber, thaiir is fed to the process. Fluidizing chamkt
are builtof refractory materials with thern insulation and outer jacket.

The newly developed device Fbeen successfully testatd functionally suitable for tithermal treatment
of fine fractions magnesite. A hydromechanicaldimation in microfluidic furnace appears tc the technically
operationally effective solution. [7]

ITA (integrated thermal apparatus)

Integrated thermal apparatus represents an inwvevaind unique technology in the world thermal
treatment of raw materials, based on the prinableross transition (the gaseoumedium throug a dynamic
thin layer of granular material. The principle dktdynamic thin layeis basedon a gravitational moveme
through a porous medium whislwlume, respectively surfacds in contact with a gaseous or liquid medit
Devices basedn this principle can senfor purposes of technology (heating, dryiets), energy (combustion
of lump materials) and ecologgdlid capturing dust, waste combustion...).

Thermal treatmenis performe: in a crosswise motion of a gas liquid medium through a laye
A significant advantage of this solutior the fact that in contact with the operatimgdiun, all grains directly
arrive atthe layer, thereby achieving a high intensity & gnocess. Devices based on the technolf the ITA
are over traditionadlevices several times smaller size. Using the jplies intended to minimize overall ener
consumption in the process of the border neardblenblogical optimunThe tchnolog' of the ITA may use,
besides already mentioned, the farethe treatment of gaseous or liquid media, erdhst removal and flue g
desulfurization and the like.

In the devices operating on the principlea compact thin layer, there needsbe a permeable layer.
Breathability allows the passagé gas through the media layer. When permeabilitghe layeris reduced,
while maintaining a flow rate, this generates cl@sithat disturthomogeneoupassage through a layer gase
medium, and, thereforahe best of the process. Ftechnological purposes, theslocity of about 0.3 n*
is suitable The base profile of the furnace iicompact thin film having two layers showt in Fig. 15. [7]
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Fig. 15. Hydromechanical profile of the furnace ircompact thin layer.
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The development of this device consists of sevstafies. As a firsithe elemente model was created.
Theaim of the elemental model of the ITA was to verthe flow of a thin layer of granular materi
The pocess requirement was to have a materow of a piston nature. The aim was also to deterr
theoptimal layer thickness in the aggregate and shedamellas that have affected the flow of the miait
itself. It was also necessary to establish the slope of thellas in the aggrega

The rext stage was the construction of a laboratory modee aim of experiments on laboratory mo
was to verify the discovery of knowledge from elementarymodel of piston flow of material in the aggreg:
design of technical solutions input and outjof the material in the aggregatthe design of the burner
and itslocation in the aggregate ¢ partial thermodynamic processes were verifidd\ laboratory model ha
been constructeaccording to Fig. 1
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Fig. 16. Laboratory model.

In later stagesthe research was focused on the design and posifigilot installation. At the dra
in addition to physical modelingalso mathematic was used. Anathematical simulation moc was created,
in which various settings optiorier the device were verifiedValidation was aimed to clarify the relationsh
for calculating the coefficient of heat transfehetdecomposition of carbonates and the deterion
of thresholdvalues for carrying out the process iicohesive layer. Subsequentiyypassed tithe construction
of facilities. The pilofplant is made up of six segments, hoppers, convasiorfan the inlet air to the aggrege
combustion products ventilator, four burners, alaye, the flue gas analyzer and quantity of thewonptes
(Fig. 17).

Based on the results ofraarketing surve, there weremperated over 100 heat aggreg only in Slovakia,
which can be replaceth the future by using this technology. E.g., over the prmpcess of caustificatic
magnesite in a rotaryurnace, using IT, this process is mainly to reduce consumption ofunatgas
and electricity consumption. [7]

The innovated shaft furnace

Based on lessons learned from existing researchwenmid with a shaft furnaces and their optimiza,
there was created the concepinew shaft furnace for processing a charge otlogranularityOn the creation
of this furnacewe take into account a series of sevinnovative modifications and design solutiorDesign
solutions have a significant impact ote basicindicators of plant: power density, fuel consumpticeliability,
environmental impact.
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The increase of specific performance is affecteddducing the grain size to 20-40 mm, which enjoys
an increase heat-exchange area. Time of blowoutdsed by the massiveness of grains is cut. Itredllce
the hydraulic resistance of the charge by the endaif proportion dust caustics. At the same timeewa product
arises. Using preheated secondary air raises tigetature gradients between flue gasses and bubiféusive
combustion is achieved by shortening the lengthhef flame and regulated by excess air. A new mofil
of the furnace has no limitations regarding penietnaof combustion gases inside the furnace. Thecifip
volume of the furnace can be varied according tuirements on the overall performance without retsbin.
There is also the possibility of parallel solutipresspectively extension. Physical experimental eh¢éig. 18a)
of the newly revised type of shaft furnace is desiyto verify the rheology and flow in the shaftriace,
intended for a batch of lower granularity. The mpioblem of development is to achieve homogenelmyg f
through the cross section of the furnace as wellthes generation of heat. For this reason, the lprofi
of the furnace and the secondary air supply tobthmer chambers were adjusted. Preliminary expetisne
confirmed the developed concept in which the plarsize of the charge can be reduced below 40 mensure
the uniform cross section of the firing furnace.

On the basis of the present research, it was cesnted proposal of pilot upgraded shaft furnace,ctvhi
is currently in the process of building, shorthfdre completion (Fig. 18b). [7]

Fig. 18. The innovated shaft furnace a) modepilox plant.

Conclusion

The future of the raw material industry is in irmsang its efficiency through the implementation
of technical, technological, system and materialoiration, which are and will be based on knowledge.
By practical applications mentioned in the papgtimization measures respectively innovative tetdgies
can achieve this.
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