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Abstract: Pig iron production is a technologically and origationally demanding process. A blast furnace tptansists
of a great number of support processes that aessary for the continuous operation of the givasttfurnace. The iron
production process involves a huge volume of imaut and other materials and manufactured prodiasious
transportation types are used for the given mategasport. The logistic demands of individual ggsses often differ
based on a given blast furnace plant. The conduetsghrch included an analysis of the logistic defeaf individual
parts of a blast furnace plant. The possibilitytifizing various transportation types and indivatiapplication options
of the selected instruments has also been asséBsedesearch took place under the conditions sélacted iron
manufacturer in the Czech Republic. This articlalygzes the key aspects of the conducted reseahehreBearch was
carried out in 2018-2019. The data were processeithé logistics and production part.

1 Introduction - Production processesused  auxiliary operations [1]. A general diagram of asil
for pigiron production furnace plant is showed as part of Figure 1. Thastbl
furnace operation is continuous. The furnaces dpera

Blast furnace iron production is a set of many ptals . . ) ;
chemical, mechanical and thermal processes. Thmlactw'thom any interruption for a period of 10'15.3’3{’2]' In
' order to ensure such uninterrupted operation ofaatb

iron production that takes place in a blast furnacaibject . : :
furnace, input raw materials have to be contingousl

to properly-functioning related processes. A bfastace O .
plant does not only include the operation of thasbl prepare_d and added and pig iron needs to be tapped
frgular intervals [1].

furnaces themselves, but also many preparation a
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Figure 1 Blast furnace plant diagram [modified aotiag to 2]
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Apart from the actual production technology coninol agglomeration processes can be generally dividec:oid
the blast furnace, other operations are also fuedéaly and hot segments. The cold segment is used fohsogp
important. These operations are linked to materishw materials and granularity adjustments and for
preparation, transport, product processing and ottteted averaging the chemical composition of the material
activities. A separate part of a given productitenpis (tippers, grinders, screeners, homogenization dsiteg).
used for processing and preparing the given metatge The task of the hot segment is to produce an agetae
component (especially ore). Agglomeration as wall aof the required quality from the supplied ores,cmirates,
palletization procedures are used for processing afuel and additives. The ore sintering hot segment
modifying raw ore materials [3]. particularly includes daily reservoirs, mixture diars,

One of the most important processes in the Czechw material homogenization, sintering belts anso al
Republic is ore sintering. One of the input rawenials agglomerate cooling and modifications of its
used in blast furnaces are pellets. However, they agranulometric composition. The primary fuel for dila
usually produced at the iron ore mining locatidrtey are furnaces is blast furnace coke. Coke can be cleaized
subsequently imported to the Czech Republic infoh® as a firm, porous and degassed residue from thé coa
of ready-to-use input material. Generally speakingarbonization process.
agglomeration or iron ore sintering is the heathg dust Coal thermal processing takes place at temperatdires
agglomeration mixture (ore part, fuel, additives) & 900-1100 °C [4] without oxygen access. Cinder-fomgni
temperature at which the surface of the individirain of additives are mostly limestone-based (dolomiticitone
the burden is set and the formed smelt createsdliquand dolomite).
bridges among the grains, which, once they solidifgate These substances subsequently create cinder dbeng
a solid porous material (agglomerate). The producti transition to the liquid phase for the purpose of
takes place in a continuous manner and the finpermanently binding the acidic hypogene elementhef
agglomerate is subsequently taken to reservoisn fr ore components. Harmful cinder elements from tlzestbl
which the raw material is batched to the given thlagurnace processes are also allocated [5].
furnace. Based on their character, individual
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Figure 2 Agglomeration process diagram [modified@rding to 2]

The blast furnace profile and its size are modifiednd cinder are collected here [6]. Iron and cindex
pursuant to the given production technology. Thitgdoo periodically tapped and discharged from the hearth.
cylindrical part of the profile is called the hdarPig iron Blowpipes are installed at the upper part of thartie
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They blow hot air and additive fuels [7]. The blowinis blast furnace is called the throat. It is usedfilbng the
also moistened. The hearth is linked to a seatmfrcated furnace with burden and for discharging throatfgas the
cone shape with a wider top base. This shape enthee furnace. Output products and waste (agglomeraticst, d
necessary diversion of glowing gas currents from thblast furnace flue-dust emissions, blast furnacknsents
oxidation areas from the furnace lining, which wbul and cinder) are also processed. Waste processbasési
otherwise become prematurely damaged [8]. The gtadwn the possibilities of its further utilization iother
crossing of the seat to the shaft in ensured bsllg.lThe  industrial areas, but also on its possible repeasedfor
most voluminous part of a blast furnace is a simafhe iron production. Waste production and processiegiso
shape of a truncated cone or two truncated coessfiaft demanding due to its quantity. The volume of cindier
is used for preheating raw materials, the decortipnsdf example, amounts to 200-400 kg [10] per one tothef
carbonates and indirect reduction [9]. The uppergfdhe produced pig iron.

From the perspective of logistic processes, a faigmt This case, the volume of the supplied goods caf be
part of a blast furnace plant is used for agglotmnd11]. small to medium volume. These customers canndifgati
This is where iron ore is being sintered while gsioke their needs for the given metallurgical materiakedily
and basic additives. Figure 2 shows the main mdrtse from metallurgical companies, where such requirdsen
entire process. As part of the first step, the inaw  would accumulate [15]. From the point of view okth
material is batched onto the conveyor belt. From thplanning of metallurgical campaigns and production
perspective of the entire process, this type dfisjpart capacities, this principle is not possible from the
represents a key operation since it allows fordparting a technological and cost perspective. Due to thests,féhe
huge quantity of material. The input raw materéaksthen rolling campaigns have been getting gradually smoth
stirred in homogenization drums, where they are® alsomparison with blast furnace production, theyvalfor
moisturized. This mixture is subsequently batchedh®e more individual control. The sales system of matgital
sintering transportation belt, onto which the migtis products can be classified pursuant to the follgwin
processed thermally. Once the processing is coathldie structure [16]:
agglomerate is modified from the granulometric pah < Final sellers to end customers (minimal supplies),
view. The agglomerate is then transported to tlestbl « Regional warehouse centres,
furnace reservoirs. All of this is also implementming . Local warehouse Shops (Comp|ete assortment of
conveyor belts. From the agglomerate production metallurgical materials).
perspective, conveyor belt transport is thus a key

requirement and it is very difficult to substititevith any The demand for individual steel product types (nemb

other form of transportation. of sales, size of the orders, sale regularity) liso a
monitored in detail these days. Individual businessas

2 Logigtics of metallurgical products behave as relatively stabilized customers, provided

Steel products are manufactured in huge volumesertain minimal limit, determined by a given set of
Their transport to end customers represents afisigmi customers, is reached. That is why the consumption
logistics problem [12]. Their production in the €he prognoses for such areas are very accurate. Cotisamp
Republic amounts to millions of tons in the fornmsefreral fluctuations are resolved by the mutual cooperatidacal
thousand metallurgical product items (in relatiom twarehouses, making sure there is a sufficient velafrall
chemical analyses, thermal processing, shapesndiores metallurgical products in the given area. Cooperati
or possible surface treatments). The consumers among individual warehouses can also correct eimdree
metallurgical products can be from several are&. [1 given future consumption prognoses. Local waret®use
Some of the most important ones include the coctstru  form the most important nodes of the entire distidn
industry, mechanical engineering and the automotiveetwork. They represent the main location for stati
industry. When it comes to the character of indigld assessments of the steel consumption pursuant to
deliveries, we can identify two possibilities. Thest one individual products.
can be characterized as regular and continuougediels
of a large number of metallurgical materials fochemical 3  Used transport types and their usein the
engineering companies, construction projects aral th metallurgical industry
automotive industry. The other possibility is rethtto
deliveries to a network of warehouse businesset tha
provide distribution for certain areas (regiong)][When
it comes to direct deliveries from metallurglcahcpnmes

Transport can be understood as a set of all desvit
ed for moving means of transportation along parts
routes and for moving material or people by the msezf
transportation or devices. Transport representisites
%nd technical means designated for transportinglpemd
cargo [17]. Transport logistics then coordinate,
nchronize and optimize the movement of goodsrand
materials within the transportation network, uiiig one

implemented without any other intermediaries. madkher
case, the deliveries are supplied to a wide range
customers from various areas via wholesale netwdmks
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or several transport types. The main objectivearigport used at all, additional losses are incurred amogrit the
logistics is not only primarily to make transpaaiseer, but, production cost of the unused values. We can etalua
most of all, to flexibly and economically satishetneeds transports based on several key criteria. Sombeoirtain

of individual customers. We can then perceive custs ones include transport performance, transport time,
not only as external users of the provided serylmealso transport cost, transport frequency, network afditg,

as an internal, company material consumption withifiexibility, reliabilty —and also  environmental
different production centers [13]. A reduction lsétextent consequences. Individual customer requirementspddso

of the movement of individual means of transpootati an important role when it comes to the distributimin
necessary for implementing a certain material tagis metallurgical products. Apart from other things,clsu
chain, is also achieved by making the correspondingquirements result in a higher transport frequeacy
transports easier. This is due to the main priecgflthe various weights of the transported cargo.

transport logistics, which strives to minimize all The following are the key transport types for
purposeless physical movement and material flowsnwhmetallurgical processes:

moving material, raw materials or finished produdise * road,
end goal of this process is to not only reducecths, but e railroad,
also the corresponding environmental burden, while . pipeline,
improving transport quality and reliability. «  conveyor.
Considering the volume of the transported material
raw material, metallurgical production is an extedyn Road transport is irreplaceable when it comes ¢edp

demanding process. Iron manufacturers in the Czeghg operability, however, it has a negative immacthe

Republic produce over 5 million tons of crude metanyironment caused by exhaust gases, noise arativits

annually. When it comes to ore raw materials, o®eds [21]. The advantages of this transport type incladiense

1900 to 2100 kg of the ore component for the prodnc network of roads, house-to-house transport, high

of one ton of pig iron. The volume of coke (whishuised  flexibility, adjustability to given delivery timestime

as a dominant source of thermal energy) needezhdton  s5yings, shorter downtime and shorter waiting tifi&§

of the produced pig iron, amounts to 300-400 tdri&.[ Road (truck) transport in the area of metallurgical

The needed volume of the basic additives mostledé® production is particularly used for transporting

on the alkalinity or acidity of the ore componelitn  metallurgical products and semi-finished produstigh as

manufacturers in the Czech Republic use mostlyi@oie  jngot slabs, sheet metal, belts, fired products, ®me of

raw material, which require the use of a greatantjty of  the main road transport disadvantages include harmf

the basic additives. The volume of the used alkalisthen impacts on the environment, limited transported_]mS

be between 300 and 400 kg [19] per one ton of thg, 5 single vehicle, limited loading ability or @estion.

produced iron. The total volume of the used rawemals  The share of the loads transported on the roduki€zech

that pass through a metallurgical company in alsipear Republic is the highest among all transport types the

amount to several million tons. This huge quantityn share keeps increasing. This stipulation applies to

results in great demands on the transport and @gatiion metallurgical products as well.

of all related logistic processes. The second most important transport type from the

] o o metallurgical production perspective is railroaghsport.

4 Basccharacteristicsof individual cargo  This transport field is suitable for transportingeater

transport types cargo volumes for longer distances. Its advantagdsde

The current logistic processes allow for utilizagide the possibility to transport very heavy cargo stepts,
spectrum of the transport types. Each transpoe tygs independence on particular road traffic intengugecise
several specifics and limitations from the perspeaifthe timetables, low costs for long distances and higttenal
transported medium, transport cost or suitablesprart loads. In the metallurgical production field, radd
distance. Some of the basic transport types inctodd, transport can be used for two large areas [22] fif$teone
railroad, water, pipeline, aerial, conveyor or fudar applies to the transport of metallurgical semisivéd
transports [13]. products for long distances. Another option istthasport

These transport types can mutually complement o®é large volumes of input raw materials, such as ooal
another and can be used in a sequence or simultslgeo and alkaline additives. When it comes to oresyaad
We can then call it combined transport (the mostroon  transport is really the only transport option doi¢hte used
scenario is railroad — road, truck transport). Asiba ore volumes and distances from individual ore digpos
condition of transport efficiency is the requirerntrat the  provided we do not take into account ores from othe
implementation of the given moving consumes thgontinents, such as Australia or South and NortfeAca.
corresponding use value [20]. Incompliance withs thiDisadvantages of railroad transport especiallyuidelits
condition results in losses that are equal to thwerg limited shunting and maneuvering ability, the imgibaity

moving cost. Moreover, should a given shipment et to transport cargos directly from one company totfaer,
the dependability on timetables and smaller fldxjbi
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Pipeline transports in the context of metallurgical

production can be perceived to be rather secontléingn

it comes to pipeline transport, transportation aorrs,

transport means and transport routes merge intogles
unit. This transport field is very specific. It ised for
transporting liquids, gases and sometimes also icldn
for long distances [13]. The utilization of pipeditransport
as a part of the blast furnace process can beipedc® be
specific. It mostly involves the transport of gasedsd

combustion products that occur during the
production processes. Nevertheless, considerinfyittier

use and processing of these blast furnace prociptdine

transport represents a significant element. Soméhef
advantages of pipeline transport include reliapikind

safety, minimal pollution threats and continuousragion.

As for disadvantages, we can mention the high fiizn
cost of building such systems and limitations frtme

perspective of the transported medium.

Conveyor transport represents the most important
transport type on the premises of blast furnacetpld his
transport type is used for transporting ore rawnemials and

as a part of their processing, and also as a paitheo
agglomeration process, the transport of input ratenials

to individual reservoirs and other processes. Cymve
transport allows for transporting huge volumes aternal
used in blast furnaces. We can generally say hiist the
fundamental benefit of conveyor transport, whicbmules

relatebigh performance and allows for transporting u®00

tons of material per hour. Due to significant asiign
expenses, which quickly increase with increaseadaap
conveyor transport is particularly suitable for &ép
distances. However, when transporting large voluofes
raw materials, it can be economical even for longer
distances (several kilometers). Its use is sigaifidor the
processes that use large volumes of input raw rakger
(Table 1).

Table 1 Assessment of the use of individual tram$ypes for metallurgical processes

s Usage —in the plant Importance for
Transport bbe Hsabilty / outside the play Character blast furnace plan
Road Yes Outside the plant Product transport to 7
customer
Railroad Yes Outside the plant Transpor’F of raw 9
material:
Waler No N : 0
Pipeline Yes In the plant Transport qf gaseous 8
material:
Aerial No - - 0
Conveyor Yes In the plant Transport of input raw 10
material:
Funiculal No - a 0
5 Characteristicsof the potentially usable ~ currently possible to provide a complete and

methods
The logistic tools and methods that are used tage
are often linked to lean production principles. ist
generally given by the character of the individiagistic
objectives, which are, due to their nature, tightliated to
the process of increasing the process efficien8y [22an
production and its principles cannot be understasan

exactly defined and closed system. As a part of thi °

philosophy, several methods and instruments can
applied and their implementation manner can vaearL
production implementation is then most often atieado
a certain type of problem at a given company. $aty,

when introducing the lean production principles, a

procedure that is based on an initial audit of lgen

production main parameters is often recommended. Th

values of selected indicators can be set as pastidi a
procedure [24]. Many lean production
originally came from the automotive industry. Howeg\as

these principles have been gradually developing and

expanding to other industrial areas, other methert$
instruments have been added and used. That istweyat

instruments

comprehensive list of all the used methods sineg #re
being continuously amended and modified. Nevertisele
some of the typical and frequently used lean prtduc
instruments include:

e TPM

» 5S - good management principles,

* Visual control,
Team problem solutions,

be * Management of bottleneck locations,
* Lean administration,
» Kaizen,
» Poka - Yoke,
Jidoka,
* Heijunka,
Kanban,
* Genchi genbutsu,
SMED

Multicriterial problem solutions.
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Metallurgical production is quite specific and verymethods that have been successfully used outsideeof
different from large-series car production. Despit¢hat, automotive industry and the possibilities of their
some of the aforementioned methods and instrunoamts application in metallurgical production.
be successfully used for it as well. Table 2 sheelscted

Table 2 Selected lean production tools and theér us

Transpor Usability Areg
TPM Yes Mainly secondary metaurgy
58 Yes All production aree
Kaizer Yes Production as well as nonproduction sph
Leanadministratiol Yes Administrative processe
Poka- Yoke Limited Selected segments, especially linked to improvafgty
SMED Limited Mainly secondary metalrgy
Multicriterial evaluation Yes Supporting managerial decisit

The tools for supporting managerial decisions are

Table 3Dolomite criteria from potential suppliers

especially universal [25]. Metallurgical procesaes very Dolomite suppliers
demanding from the perspective of precise assedsmén Criteria Poland | Ukraine Czech
raw material quality, processes and individualvéidsis. Republic
The quality of input raw materials fundamentally K, |Basicity (%) 4.1 3.7 3.5
influences the blast furnace process with regard [, |Cena 4 20.1 18.8 19.6
individual ore components, fuel or alkaline addisy The K |Storage volume () 2,500 4500 1.800
problem of selecting a suitable contractor is aeédiy a Ka |Lumpiness (%) . 75 ’74 '81

large number of the monitored criteria. A typicahmple
can be the selection process of suppliers of lzakitives.
Completely different criteria can all play a rolerd and it
is difficult to synthetize them into a single indior. In
order to find a suitable variant, it is very coniegn to use
a system that is based on a multidimensional halsieh
allows for considering multiple relevant characttcs.
The criteria can be of a chemical, physical, logistr
economic character. Table 3 shows the selecteatierfor
assessing basic raw materials. Iron manufactur
cooperate with suppliers with many countries. Tofign
need to adopt decisions related to the selecticuitdble
raw materials.

As part of the project solution, the quality ofaartypes
(suppliers) of the basic raw materials (dolomit€aCQ)

To compare dolomite suppliers from Poland, Ukraine
and the Czech Republic, the method that assestaadhks
from a given fictious alternative was used. Thehuodtis
based on determining the Euclidean distance. Adl th
criteria values are compared with the best alteraand
the final assessment is formed by a synthesis|ahal
monitored criteria. The fictious alternative thepresents

alternative, in which the values of all theemid are

ei?eal [26, 27]. Formulas (1) and (2) are used &bculating
the ideal alternative.

D, =/d; (1)

was assessed. Four key criteria were selectedhfor t n xi* = X;
assessment: basicity, price, storage volume angihass. d | = Z:\/i X *—g (2)
Based on the character of the stated criteria,dtdar that i=1 X=X

they represent quite different factors. It is theery \where:
convenient to use multicriterial decision-makinglsofor
assessing these data. The assessed criteriaaadifigirent
character, but also of a different significancesiBity is a

key criterion for alkaline additives since it expses the

share of alkaline and acidic components. The second
criterion is the price of the basic raw materiabut raw

material expenses fundamentally influence the fovade First, each criterion was assigned its respectisig/.
of the given produced metal. The third criterionthe 15 \eight represents the significance and impogaof
storage volume that is immediately available from @ach criterion. The weight was determined by medies
supplier. Blast furnace production is of a contsio pinomial comparison of individual criteria. The elehined
character and it is thus important to make sureahahe ya)yes are then based on the executed pair desidiable
related raw materials are operatively availablee st 4 in which the distances from the fictitious afiatives are

criterion applies to lumpiness. It tells us how l@@NOUS  §etermined, also presents the weights of all theriz
given material is from the granulometric perspextiv (column v).

D; - distance from the ideal variant,

X" - the length of action,

i - the mean width of the elongated bar,
x? - the mean width of the elongated bar,
vi - the weight of the criteria.
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Table 4 Determining the ideal alternative

dij

Criteria v X X° Poland Ukraine | _CZ&Ch
Republic

Ki | Basicity (%) 0.45( 4.1 35 0 0.20( 0.45(
Kz | Price ($) 0.25(C 18.¢ 20.1 0.25( 0 0.09¢
K3 | Storage volurr (t) 0.10C | 450C 180C 0.05¢ 0 0.10(
K4 | Lumpines ($) 0.20C 81 74 0.14% 0.20( 0
> 0.45: 0.40( 0.64¢

D; 0.67: 0.63: 0.80:

Sequence 2. 1. 3.

The determined distance from the fictitious altéivea managerial decision-making processes can be absdh us
then basically represents the sum of the devianées As part of the implemented project, multicrited&cision-
individual criteria from the best alternative [28% values making methods were used for comparing the basic ra
for the basic raw materials from Poland, Ukraind e materials. The conducted assessment allows for
Czech Republic were calculated using formulas 1 2nd quantifying categorically different criteria. Itsal offers
Based on the used evaluation principle, the loheralue, the possibility of comparisons in the form of aghn
the more suitable the alternative. The distancenftbe indicator. Several traditional logistic methods #mals can
fictitious alternative is shown in Table 4 in row Based be used not only in the area of the productiongssdtself,
on this value, we can assess the quality of thergbasic but also in the area of managerial decisions.
raw material from the monitored suppliers. Purstarihe
values of individual criteria, we can sort the niored Acknowledgement
suppliers in a descending order in the followinginex: # The article was created thanks to the project No.
Ukraine, 29 Poland, 3 Czech Republic. The determinedCZ.02.1.01/0.0/0.0/17_049/0008399 from the EU@Rd
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