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SUMMARY

Tha effect of the quality of coke on coke rate at T.D.C.| has been siudied since 1981 in
order to improve the quality of coke, a leam work was organised. The importance of the
quality of coke and saving would be gatned has been tought 1o starling from the ordinary
workers up 1o lop fevel managers. The short and long terms tergeis have been defined,
great effort has been put to reach these targets sislemalically.

These works have mainly been concentrated at Isdemir, where while the quality of coke
has been improved, it was noliced that the coke rate has been decreased from 782 kg/
TSHM in 1981 down 1o 535kg/TSHM in 1990. Due to the bollleneck in coal supply in
Kardemir, the quality of coke produced there has not been reached to the targel level.
Therefore, the required level of saving has not been achieved there . Althought the oth-
er raw materials have been the same at Kardemir and Isdemir, the main reason for nol
being able to reach the resired level was found 1o be the diflerence in the quality of
cokes produced.

In both steel works, the necessary larget studies have been defined. Al the and of the
above mentioned studies aboul 50 million US$/ year saving has been achieved. About
the same amount of saving can be saved, has been shown in the fulure, if the necessary
actions has been evaluated,

TORKIYE'DE ORETILEN GELIGIN MALIYETINE KOKLASABILIR KOMORON
KALITESININ ETKISI

OzET

T.0.¢. igletmelerinde gelik Uretimine dretilen kokun kalilesinin etkisi 1981 den beri
incelenmigtir. Bu tarihlen itibaren, kokun kalitesini artirmak amaciyle bir grup
calismass yapimistir. Oncelikle, kok kalitesinin dnemi ve kazandiracad! lasarruf
isciden en Ost dizey ydneticiye kadar &dretilmigtir. Kisa ve vzun vadeli hedefler belir-
lenerek, sistematik bir gekilde bu hedeflare ulagilmaya cahgimighr.

Bu caligmalar {sdemirde yodunlastinimtg, kokun kalitesi artirilirken, buna paralsl
olarak da ton sivi hamdemir bagina kok sarfiyahh 1981'de 782 kg iken 1990'da 535
kg'a kadar dugirGimagtir. Kardemir'de, k&mir ledarikindeki darbodaz nedeniyle kok
kalitesi istenilen seviyeye yUkseltilememistir. Bu nedenle de istenilen tasarruf
saglanamamgtir. Isdemir ve Kardemir kargilaghridi§inda, diger hammadde girdileri
ayn olmasina ragmen, kok kalitesinin artirlamamastnin Kardemirde istenilen hedefe
vlagitamamasinin asil sebebi oldufu gérolmigiar.

Her iki miessede kok kafitesini daha da iyilestirmek igin yapitmas) gerekli ¢ahgmalar

ve hedefler belirienmiglir. Bu ¢ahgmalar sonunda yilda 50 milyon US$ tasarrufl edil-
mislir. Bu kadar daha tasarrufun saglanabilecegi de g&sterilmiglir,
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INTRODUCTION

There are three integrated steel plants in Turkey. Kardemir and Is-
demir are state owned sister companies producing long products.
Erdemir is privetaly owned plant producing only flat products.

The production of Kardemir remained almost constant during the
last 10 years while Isdemir and Erdemir showed remarkable in-

crease in production, reaching from 420%10° tonnes up to
1.775%103 tonnes and 1.815X10° tonnes respectively [1].

Total steel production including in EAF in Turkey reached up to

7.931X10° tonnes in 1988 white it was 2.505X10° tonnes in 1980.
In paraflel to steel production, the amount of coking coal consump-

tion has increased fnom 2.591)(10:3 to 4.611X10° tonnes between
1980 and 1988. During this period, imported coking coal demand in-

creased from 951X10° tonnes to 3.048X103 tonnes with increasing
steel production while domestic coking coal consumption remained

almost constant, being about 1.600X10% tonnes. This is due to
the fact that the domestic coking coal production could
not be increased above the level of approximately

3.600X103 tonnes between 1980 and 1990, its consump-
tion in integrated steel plants was almost 45 % of the
production values during the above period. Although some
rehabilitation and modernisation projects for increasing

the production up to 4.500)(‘[03 tonnes per year in 1994
under operation, domestic coking coal production has not
been sufficient in the past and will not be enough in the
future. Therefore , Turkey will continue to imporl coking
coal with an increasing trend and remain as an interna-
tional ceoal importer.

1. IMPORTANCE OF THE QUALITY OF COKING COAL.
The amount of domestic and imported coking coking coal
consumed between 1980 and 1988 and to be used till 2000

at each integrated steel plants in Turkey is indicated in
details in Table. 1 and Table. 2 respectively.
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KARDEMIR ISDEMIR ERDEMIR TOTAL
IMPORT DOMESTIC  IMPORT DOMESTIC IMPORT DOMESTIC IMPORI_DOMESTIC
1980 1] 848 691 95 260 696 a51 1640
1981 0 854 330 393 321 750 651 1997
1982 ] 848 709 267 504 657 1213 1772
1983 0 911 884 353 733 554 1617 1818
1984 0 a1 1095 180 969 568 2064 1639
1985 62 769 1641 63 646 585 2349 1417
1986 347 73 1754 223 826 631 3027 1585
1987 192 928 2072 44 B34 608 3095 1580
1988 220 970 2096 0 729 503 3048 1563

Tablo.¥ : DOMESTIC AND IMPDORTED COKING COAL CONSUMPTION OF TURKEY
SINCE 1980 (X 1000 Tonnes)

The figures in Table.1 indicate the actual amount of coking coal
consumed whereas in that of Table.2 are calculated by taking into
account of the future projection of domestic coking coal produc-
tion, easiness of its distribution to these plants and the projection
of the necessary improvements of the quality of coke to be pro-
duced by adjusting the perceniage of imported coking coal to be
used in coal blending.

KARDEMIR ISDEMIR ERDEMIR TOTAL
IMPORT DOMESTIC HPORT DOMESTIC (MPORT DOMESTIC |MPORT DOMESTIC
1988 220 970 2099 0 729 593 Anas 1563
1990 420 980 2360 [¢] 1120 745 3900 1725
1995 585 875 2280 . 300 1445 965 4210 2140
2000 544 818 2570 500 4020 1500 7134 2816

Tablo.2 : DOMESTIC AND IMPDORTED COKING COAL DEMONDS FOR INTEGRATED
STEEL PLANTS TURKEY SINCE TILL 2000 (X 1000 Tonnes)
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As can be seen from the Table.1 that until1985 coke was only pro-
duced from the domestic Turkish coking coal which is high volatile
coking coal with very high ash content ranging from 13 % to16 %.
The percentage of this domestic coking coal used in Isdemir has
been desreased steadily since 1981 from 54 % down to 11 % in
1986 and 0 % in 1988. The percentage of domestic coking coal in
Kardemir was 68 % in 1986 and 81 % in 1988.

1.1. THE RELATION BETWEEN COKE RATE AND COKE QUALITY.

The relation between coke rate and coke qualily of Kardemir and
Isdemir is given in Table.3.

COKE QUALITY COKE RATE (Kg/THM)
ISDEMIR KARDEMIR ISDEMIR KARDEMIR
Mig My Msgo My  BLAST FURNACE ~ DF (Avarege)
No.l No2 NoJd
1981 61.7 10.6 69.8 112 734 694 . 942
1982 654 85 731 101 653 622 . 1043
1983 768 6.9 712 103 636 626 . 1024
1984 756 7.3 716 105 668 635 - 990
1985 762 7.4 751 93 636 580 564 958
1986 779 7.2 779 81 640 587 540 812
1987 816 6.8 768 82 580 550 538 815
1988 813 7.2 761 86 545 574 527 768
1989 795 7.9 689 112 582  60B 542 760
1990 777 8.1 698 105 543 521 537

Tablo.3 : DEPENDENCE OF COKE RATE THE QUALITY OF COKE CONSUMED.

KARDEMIR and ISDEMIR are of being sister companies, the both con-
sume the same or simiiar quality of raw materials. Iron ores su-
plied from the same mines, pellet is obtained from the other sister
company called Div-pellet, Ferro allages are bought generally from
the some suppliers by TDGl General managements for both steel

1312



A COBANEFFECT OF THE COKING COAL QUALITY ON THE COST OF STEEL PRODUCED IN

plants. Other auxilary raw materials are of same or, similiar qual-
ities, Futhermore, Kardemir has been in operation since 1937 so
that the experience gained and the knowledge obtained in Kardemir
is expected to be more than that of in Isdemir. The only main rea-
son causing the much higher consumption of coke per ton of hat
metal must be attributed to the difference in the quality of coking
coal or coking coal blend.

As it is seen clearly, the coke rate is directly dependent
on the quality of coke used in Isdemir and Kardemir. It is
very sensitive when the quality of coke is worse than the
optimum level, it reflects the minor changes in the quali-
ty of the coke, decreases suddenly it there is any small
improvement in coke quality and visa versa.

It is necessary to be mentioned here the fact that the Myg
and My values are not the only parameters such as the

ash, S and alkaline contents, porosity, size, size distribu-
tion, reactivity, after reaction strength..etc are of equaly
important parameters in determining the quality of coke,
therefore, these parameters must be taken into account
in evaluating the quality of coke.

Since it was not the aim of this paper to study the effect
of the individual properties of coke on the coke rate, the
details of the quality of coals and coke are not given, M40
and M10 values are chosen just to be able to compare the
quality difference between the coke produced at Kardemir
and Isdemir.

It can also be concluded from the results indicated in Ta-
ble. 3 that the quality of coke produced at Isdemir in-
creased sharply and reached to the quality level of world
standards, whereas the coke qualily of Kardemir's needs
to be further improved.

In order to reduce the coke rate at Isdemir down io an op-
timum level (450-500 Kg/THM),ihe other parameters,
apart from the coke quality, is needed to be considered. In
Kardemir the prime importance has to be given to the
improvement of the quality of the coke produced.
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2. HOW MUCH MONEY CAN BE SAVED BY REDUCING THE COKE
RATE DOWN TO OPTIMUM LEVEL AND HOW CAN THIS BE
ACHIEVED.

As mantioned above, the other canditions are needed to be consid-
ered at Isdemir in order to reduce the coke rate further. On the oth-
er hand, at Kardemir the prime attention has to be paid on the qual-
ity of the coke produced. In any of these cases whatever the action
has to be taken, is to be taken without any delay.

2.1, COST REDUCTION TARGET IN TDC).

It was stated that coke quality has been shown to have played a
major role in the performance of Blast Furnace operation, and the
main parameter to be cansidered in reducing the coke rate.

In the beginning of 1981, coal blending used %o be based on the
amount of coal present at the coal stok- yard. The percentages of
coals to be added into the blend were calculated according to their
weight percentage present in the stock. Nobody use to pay any at-
tention of their quality. Aimost nobody was aware of the impor-
tance of quality ofthe coal, coal blending, coke quality and the role
of coke in the blast furnace, but for the coal supplier (trader) who
took the advantage of selling any type of coal they can provide
cheaply. without bothering of their quality because they were
aware of the fact that at Isdemir there were nobody with enough
knowledge without the coal and evaluation of the results they ob-
tained. This was hard to accept but was true, because managers,
engineers, foremans were usually brought from Kardemir or trained
at Kardemir where the only coking coal used for coke production
was the domestic Zonguidak high volatile coking coal with inferior
coking properties and high as content. Therefora, it was difficult to
blame them having little knowledge about the quality of coks.

Sice 1981 prime attention have been paid to the improvement of
the quality of coal imported. It was started from the training of
the people involving with the sampling and sample preperation. All
- the necessary stantards were translated, the importance of the
sampling was thought them starting from the ordinary workers up
to chief en gineers and manager responsible from the quality con-
trol deparment of Isdemir. Education have been given theoriticaly
and practicaly. All the necessary equipments for the sampling,
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sample preperation, analysis of the coking coals, coke and the other
raw material and semi finished and finished products have been
supplied. it was a good team work on the quality control procedure
took place at Isdemir. it showed its effect, and in a very short
time, it has started to pay back. Every body in this team have been
proved of seeing results of their effort returning. The results given
in Table. 3 are some of indicating parameter of their achievement.
It is also necessary to mention here the fact that as soon as this
quality control team took the responsibility and realised the im-
portance of the quality control, it also showed its effects on the
raw material suppliers, especially on the coal supliers, and per-
suaded them that they cannot sell coking coal with improper coking
properties as a prime coking coal.

This has been the one of the main reason in reducing the coke rate
from 734 Kg/THM down to 540 Kg/THM or less at Isdemir.

At present, hot metal production of Isdemir is 2.450 million Tonnes
per year. The difference between the coke rates in 1981 and in
1990 is (734-540) 194 Kg/THM.

The amount of coke saved is {2450x194) : 475300 Tonnes/year
The amount of coking coal necessary to produce

475300 tonnes of coke 475300 : 726203 Tonnes/year
0.77x0.85

where; 0.77 and 0.85 are the figures indicating the coke and metal-
lurgical coke yields, respectively.

Imported coking coal price (F.O.B.)

in 1990 : 52.00 US$/Ton
Freight cost from USA : 9.85 US$/Ton
Total cost assuming coal is imported

from USA : 59.95 USS$/Ton

How much money saved per year is
(59.95x726203) : 43535870 USS$/Ton

The amount of hot metal production
at Kardemir :600000 Tonnes/year
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The difference between the coke rates
in 1981 and 1990 (942-760) : 182 Kg/THM

The amount of coking coal necessary
to produce 109200 Tonnes of metallurgical

coke (109200/077x085) :166850 Tonnes/year
Total cost assuming coal is imparted

from USA : 59. 95 US$/Ton
Transportation cost from Isdemir

to Kardemir : 12, 15 US$/ Ton
The cost of coking coal to Kardernir : 72. 10 USS$/ Ton

The amount of money saved every year in
Kardemir (106850x72. 10) : 7693200 US$/year
TOTAL SAVING (ISDEMIR+KARDEMIR)

(43535870+7693200) 51229070 US$/vear

This results clearly proved the importance of the quality control
and the achievement of the quality control team of [sdemir. It is
therefore, necessary to define the next step or steps to be taken to
reduce further down the coke rate at Isdemir and Kardemir,

2.1.1 PROCEDURE TO BE FOLLOWED FOR REDUCING THE COST
OF STEEL AT ISDEMIR.

It was stated above that the quality of coke produced at Isdemir
has been improved steadily since 1981 and reached to the quality
level of the world standard by the affort of the quality control
team of Isdemir.

In order to reduce the cost of steel production without reducing the
quality of coke, centain amount of cheap coking coal with inferior
properties, weakly coking coal, and even non-coking coal can be
added into the coal blend by applying the follawing technologies [2].

1- SELECTIVE CRUSHING

2- BRIQUETTE CHARGING

3- PREHEATING

4- PROPER TENDER SPECIFICATION AND CONTRACT CONDITIONS.
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First three technologies are well known technologies found well
application in many integrated steel plants in the world. The stamp
charging and Jumbo Coking Reactor technologies are also weli
known technologies to suit the above mentioned purposes, it is dit-
ficult to apply them at Isdemir since it requires new design or new
instatlation.

The principles of these technologies have been well publisized,
thus the details are not given here.

It is worth mentioning here that to produce consistent quality of
coke at Isdemir, it is necessary to prepare a proper tender in which
the detailed properties describing the coking coals required are
well defined and the primium and penalty conditions are indicated
clearly, avoiding any missunderstanding so that the coal trader and
supplier cannot penatrate into the tender spesifications otherwise
they find the way of cbeying the tender specifications but giving
coals with inferior coking properties. This can also be achieved to
a certain extend by making mid-term or long-term contracts with
the coal supplier therefore the basic blend componet can at least
be quarantied.

On the other hand, there is much to be done on the blast furnace
side of Isdemir to reduce the coke rats down to the level of world
standarts. These problems can mainly be solved under the following
subheadings :

a) Increasing the capacity of the steel plant up to a level which the
hot meta! produced from the three blast furnaces even if they are
working at 100 % or over of their nominal capacity.

b) Injecting pulverised coal to all or some of the three blast fur-
naces present at Isdemir,

a) Increasing the capacity of the steel plant :

The present given nominal capacities of these furnaces are much
less than the modern blast furnaces. with the some diameter and
volumes, of the other countries. Due to the bottle-neck which is
present at the steel miil of !sdemir the actual capacities of these
blast furnaces have not been tested property. After conducting a
number of tests at Number. 3 biast furnace it was found out thatthe
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nominal capacities of these blast furnaces are far more than their
given project capacities. These tests also showed that although its
project capacity is given as 3000 THM/day, it was quite easy to
produce over 4000 THM/day without improving the quality of the
coke, iron ore, sinter and pellet charged, increasing the hot blast
temperature and addition of any coal tar, oil and/or pulverised
coal. )

The results obtained during these tests when the number 3 blast
furnace is operating under or over its project capacity are given in
Figure. 1
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Figuane. 1. THE EFFECT OF INCRLASTNG PRODUCTFON OM COKE RATE.
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This figure clearly indicates that the coke rale decreases with the
increase in hot metal production. When the hot metal production is
under or around the project capacity (3000 THM/day oriess) the
coke rate is found to be around 550 Kg/THM, when it exceed this
level it decreases suddenly cames down to 475 Kg/THM and almost
stays constant betwen 3100 THM /day and as the production in-
creases further the coke rate decreases again above the 3700 THM
/day level the coke rate comes to a minimum lavel that of the
standard, 450 Kg/THM.

The results given in this figure are definetly indicating the fact
that in order to reduce the coke rate down to the minimum coke
rate level accepted as world Standard (450 Kg) without injection,
it is necessary to operate these blast furnaces above the given
project capacity, this is also showed that proving that given pro-
ject capacity is not indicating the real nominal capacity of these
blast furnaces.

It also proves that it is more than necessary to operate these blast
furnaces well above their given project capacity, whatever bottle-
necks are present must be avoided very soon.

it can, therefore, be said that by increasing the production over
their project capacity, the coke rale can be reduced down at least
to 475 Kg/THM, this also means that 65 Kg of coke/THM can further
7@ saved at Isdemir.

"he amount of coke saved per year
vill be {2450x65) : 475300 Tonnes/year

The amount of coking coal to be
saved (159250/0.77x0.85) : 243316 Tonnes/year

The total cost saving is going to be
(243316x59.95) : 45867 r

b} Pulverised Coal Injection
This technology has been improving gradually during the last dec-
zde and proving itself being the one of the best method of replacing

te expencive coke by non-coking cheap coal. it also enlarges the
variely of coal can be utilised for steel production and reduces de
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pendence of steel producers on expensive coking coals with limited
reserves in the world. The amount of pulverised coal can be inject-
ed into blast furnaces without reducing the production and causing
any other problem have reached recently up to 200 Kg/THM. The av-
arege injection rate is around 120 Kg/THM with a coke replecement
ratio of about 0.80 Kg coke/Kg coal injection coal {3).

The replacement ratio (coke/coal) can possibly be calculated from
the formula given below :
: ash % in coal
The replacement ratio : 148-0666 ( ————— )
ash % in coke

assuming wéakly coking Armutcuk coal 12.5 % ash content is in A.
jected and the avarege 11 % ash content of the coke used in Isde-
mir blast furnaces using, abuve formula :

The replacement ratio is going 12

to be : 148-0.666 ( —— ) : 0.76 coke coal
11

Assuming :

The price of this coal is : 50 US$/Ton

The price of coke is : 100 US$/THM

120 Kg of coke (25 % percent
of the coke rate ) is replaced
the injected coal

The amount of money saved
per ton : 7.8 US$/THM

Or hot metal calculated from the Figure. 2
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The total amount of saving is going to be :1911 / r

Finally it can be concluded, that by
improving the operation efficiency
of the three blast furnaces and
injecting pulverised coai into them
it is possible to save about

(14586765+19110000) : 33696765 US$/vear

This means that by reducing the coke rate and injecting readily
available cheap weakly or non-coking coal the cost of steel can
further be reduced (33696765/2450000) about 13.75 US$/THM at
Isdemir.

2.1.2. REDUCING THE COST OF STEEL AT KARDEMIR

As mentioned above the problem in reducing the cost of steel at
Kardemir is totally different than that of in Isdemir. The piority
has to be given to the improvement of the quality of the coke pro-
duced at Kardemir. This can be achieved by adjusting the quality of
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coking coal blends to be charged in to the coke ovens presents at
Kardemir.

In order to improve the quality of coke, coking coal or coals with
suitable properties, which have to be compatible with the domestic
Zonguldak coking coal, is to be defined and imported especially for
Kardemir.

The coals to be imported should have opposite properties to that of
Zonguldak coking coal. It has to be low volatile coking coal with
vary low ash content and certain amount of medium volatile bridg-
ing imported coal is also needed to be added into the blend. As it is
given in Table.3 the quality of coke has been improved since 1985
after using the imported coking coal in the blend, due to the fact
that the amount and the quality of the imported coals have been
used in Kardemir was not sufficient in quantity and was not suita-
ble in quality of the coke as much as it was expected. Due to this
difficulties, it has still been possible 1o reduce the coke rate from
958 Kg/THM down to 760 Kg/THM since 1985.

it can finally be said that by adjusting the properties of the blend
to a desirable level, the coke rate at Kardemir can be reduced at
least down to the present level of Isdemir, which is less that 550
Kg/THM. This means that, coke rate can easily be reduced from 750
Kg/THM down to 550 Kg/THM, about 200 Kg/THM can be saved.

The total saving will therefore, be in
Kardemir (600000x200 x10°3 x72.10) :  8652000US$/year

3.CONCLUSION.

It was intended to show above the importance of quality control
system in a plant.The quality control department has to work as a
proper team well educated and feeding the reliable informations,
obtained by applying the proper standards, from the ordinary work-
ers level up the managers and the results achieved are fed-back
following the same line in opposite directions.The applications of
the quality control team work at Isdemir since 1981 has proved
their importance by reducing the coke rate from 734 Kg/THM down
10 540 Kg/THM.
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it has also shewed that there is much to be done at Kardemir and
Isdemir, but the problems and their solutions are different so that
the different prescriptions has to be given. These prescriptions
have been well defined.

In order to improve the effect of the quality control team of Isde-
mir together with that of Kardemir, it seams necessary to ex-
change time to time the informations gathered and experience a
chived with the other quality control team of the other domestic or
international company involving in the proda ction of similiar ma-
terials.
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