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SUMMARY 

In the iron and steel industry, the cost of ooftl has 
substantial importane e, for it is tha raw material that af facta 
most the cost of tha final product. 

Taking into account tha diversification of the 
supply sources and the large range of ooal types, it is very 
difficult to determine the optimum blend composition to ooke by 
the additional metallurgical processes {thus we turn to opera- 
tional research techniques. , 

Thia paper ¿ima at: ¿^determining, among the various 
coal types, a blend    to maot operating needs of the Coking Plant 
and filact    Furnace Area, while at the    sama time minimizing    the 
cost of effective coke oarbon; ¡^serving as a management guide in 
decisions about tha compilation of purchasing contracta of    coal 
and stock control« 
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The purpoaea of thla papar o.n b. auanarized a. followai 

2 ' ^'^»K^^^ÄlfÄ-rHÄ 
DEVEIOPUBIT 

Cok« 

<* wi..* .ln th0 dove,1°Pni«nt of tho iron-oro reduction procees 
in blast iurnaceo,  coke will fundamentally play three  role«, 

a) fuel, 

b) reducing agent, 

c) charge "permeabilizar". 

»*h-m    —    ïh8fîfof0,^if we Propose to produce blaot-fumaco 
Itili ì^8h0UÌl' + Ìr\the lisht of *heoa almanta, defino qualit- 
nìll Speratici Para'aet*r« to be achieved in the Coking 

a. fu.l  ir,Í.ÍAh4bl?í!t'íUi,nace °Peratlnè technique«,        8Uch as rusl injection in the tuyereo, air enrichment, high top 
ÎTîîîîff!- ?at Sf Pfereduced notarial, etc., have been bringing 
IJii îîîîî Ïeduc*i^^«oult8 in coke rate, with the increasing 
world steel demand, there is consequently a raise in coal con- 
sumption by the iron and eteel industry. 

ha« r«> •??! th*A°î£er hand» ûvailability of high-quality coal 
ÏÏ* £¿ followed the same route    and so,    lowai-qS&lity    coal 
must b« necessarily introduced in the operation of Coking 
Plants, seeking to obtain lower coke costs.                         S 

««i.,. *    u1* 8?Suld b?    Ported out that some Coke Plants,    in 
order to keep the quality of blast-furnace coke at      reasonable 
ìli •LÎIK With *?e u,t °? iower-quality coal, have introduced 
new techniques auch as coal briquet ting, predrying,  etc. 
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Sherefore, fundamentally important is the choiot of 
ooal so «s to have a suitable blend to obtain coke with the 
desired characteristics for use in blast furnaoes. 

Furthermore, cone id dring that in the pi« iron coot 
composition, coke is responsible for our conditions to about 
60j(, in this choice the blend must be one that gives the best 
cost conditions, since variations in it will deeply affeot the 
economio      results of the company. 

ve Coke Orbon 

A oonoept normally used in this ohoice as related to 
cost la that of "effeotive ooke our bon" defined as being the 
remaining carbon that, after the deductions of necessary carbon 
to melt the coke ash and the flux required for this ash, i.e., 
it is the oar bon available for the process after the needs in- 
herent to the coke itself are complied with. 

To calculate the    effeotive coke    carbon we have    the 
equation below as found in literature: 

C « 01 - 1.08    Cz    - 3S    - 0.038 01 

wherei 

0 •    effective ooke carbon (jO 
OF •    fixed coke oarbon content (jS) 
Os •   ooke ash content {%) 
8 -   ooke sulfur content (jt) 

For our study, alterations should be made in this 
formula to have it changed into a function of the characteris- 
tics of a determined coal ¿, 

Supposing that    with the ooking of coal i, we will 
obtain a coke whose characteristics can be calculated approx- 
imately through the following relationship! 

OF - ico - (Ca + MV) 

8 - 0.63 Si 4 •   0.20 

Ca « Cz1 

Ri 
la- 99 -    * 

6 

MVi 

L 
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wheret 

MV - volatile ooke material   (fixed at 1%) 

Si • sulfur content of coal ¿ ( *\ 

Oli« «ah oontent of coal ¿ ( «,\ 

«i • coke yield«  coal,  of coal ¿ (¿) 

MVi- volatile materiale content of coal ¿ (j£) 

after substitutions are made, we have: 

Ci - 94,638 - 2>O42.0z1 . J..89 3 

h 
Pi being the effective coke carbon obtained from coal ¿. 

we hava?ln* OT0r to coet' and calling PCl the Works CIP price, 

*i -     1       x   POi 

wheret 

P± - price of effective coke carbon obtained from coal ¿. 

îtiïï). ° lln*ar "»«'lotiona (»luation. and inguai, 

bullt 2°!•?!,^? ??á!?!íT\ •}u,ti5n Bna ««trlotiona, «• hart 

Mu.tlÎî.1ï^!IÎ!!î?tljr «»•••»'y to taka oar* not to includa 

inferred to in other equations or inequalities.      'riXf Dut *rt 
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So, the equation, of our matrix «uffioe to meet the 
metallurgical restrictions and requirements of linear program 
Bing as wall. 

Objetive Icraatlon 

The cost of the effeotive    ooke carbon obtained from 
a certain Q.   ooal blend will bet 

Z •t 
i-1 

Pili 

wheret 

Pi" priée of the effeotive coke oarbon obtained 
from ooal ¿. 

*i* pareentage of ooal ^ in the blend. 

We aim at minimising this funotion Z, by suitably 
choosing the ooal to enter into the blend composition, as well 
as ths percentages    of eaoh ooal taking a part in it. 

H-triotions u»«d in our Matrix 

1. Feroentagei 

i-1 

X*  « percentage of ooal ± in blend No. 14, we 
used 14 ooal types. 

2. Low Volatile Minimums 

5^ Xj > °-20 

Z ^* percentage of low volatile ooal In the blend. 



-7 - 

3. Low Volatili Maximum* 

Xj^O.26 

4. Volatil« Mattar of the Bitndi Minimum 

n 
ir. -.. T^xi **i ^ 0.27 

i«l 

Mvi • volatil« matter content of coal ±, 

5. Volatile Katter of the Hendí Uaximumi 

6» Coke Sia furi 

¿ZI   0.63   Si Xi    + 0.20 C 0. 80 

7» Domestic Coalt 

X>0.33 

m^.i  4„,o!£Ì r^îf1?!^ Prt0«nt«4 nere that oonetituted our 
ÎÎÎSiîSJÏÏS^I1«"^ mny othtr Mtallur'ical and op^^«« 

Ookin« Plant oapaoity reatriotioae 
Ooke/coal yield 
Ash oontent and others. 
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•oaol Solution im tho Slap li fcthod 

The solution found wao consider* i satisfactory enough 
•ince there «as a reduction in cost per t, a, in relation to the 
preeent blend, and was metallurgical^ approved. 

If we take into account that our iu;s-rt blast furnar« 
consumption is 1000 tons of effective carbon per day and      that 
this value will be increased during the Works expansi  i phases 
•ny reduction obtained in USJ/ton will be very signifioaSt! 

•4 —    *    vT°^fl?lv? our matrlx we used an IBM/360 computer solu- 
tion of which is included in the addendum. 

Besides  the  optimum blend   (the main purpose of our 
problem;,  the program provides ua with several valuable reporte 
for eventual decision-making by the management. •Porxe 

*.i~>4.»..4 ï°XïvWt Will^a"aly2e some data of major importance 
ruralshed by the computer reporto. 

within wM^L^Sf "^S" -^V-Port gives variation limits within which the price of each coal can vary and the coal can 
ÏÏU    co;tinue to be part of the optimum solution, thus it is 
•ery useful to the purchasing department. 

.. It also shows which variable - coal - will enter into 
SErïïîîST    5?S};nÄii 

th!>rcvious^ cited variation limit*!. overpassed.     In this case,  the now variable, playing   a Dart in 
îhî SÎÎrîï!    80lutl0n» Wil1 ha•    th« initiâlPvaLSS6uppîiei ìy 

blend, w. Hrl°l f^eÌn SVAcSS^T^SSÎ? e^winÄ 

SS tMuîïonf the8e C03la Win *'  80 that ^Ä"^ 
.«.-    *      The lateot report of the H. H. S. ANALYSIS 3EP0IÎÎ pro- 
tei gî«!ï d;ta from which we can verify the variation in thï 
„2- ì# î!Vf ;ffective coke carbon due to variations in the val- 
ues of restrictions imposed on the problem. 

thi. fnA^iní*í5!1íAÍí».'of4,,lííor"lBportanot    t0 bt carried oh with 
cost of the bîîndî8 influenc« of domestic coal on the total 

.        Tne restriction of domestic coal    was set at 33 <. in 
accordance with requirements of government departments. 

• «-»4.4.4  W# ^ÏÎÎ1^SToa the obtained data that there will be 
a vmriation of USI 0.40 in the total cost of the blend for each 
¡¡mlaïîîÎÏÎÎU" &*£• r?»tr}otion of   domestic coal, and in the 
2ïî«l ?î2tÎ°n:vWhèch.vmlui ls valid in th* 26"W range       and talcing 335 •• the basis as seen on the graph. 
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Influoiice of üowostio coal on coke coot 

y 

49.230 51,830 36,270 

Coot of Sffoctivo Coko Oorboa 
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• 4 Consuaption of domestic coal has been the obleet at 
I X?ri5u« diJcu.eion«, since it is wall known that our Soil hat 
• the following characteristic«i na* 

1 : 

Low quality, because of natural conditions; 
Difficult and oostly mining and processing, also 
beoause of natural conditions! 

transportation structure  (railways, ports and 
coastal navigation) whieh strongly contributes to 
"**-**- **m —* -toen unloaded at the iron raising its cost w 
ste<*l works. and 

Consequently, the cost of its carbon unit is high. 

Ho    62 ii\ÌLÌ^*^Jlì89Aì" Ftd*ral Government issued decree wo.  62,113 that stopped all divergences and determined what   we 
could classify as the crystalli¿ation phase of the new oarbon! 
itVST POlì°ll now C0MPÍAt«ly «*• i» «11 sectors of curative 
thinking, of the economical fact, and the 'last but not the least• 
Ü *ì* íe*líor P•"•tion of the social economic structure of the Santa Catarina oarboniferous region". awuoxure     or 

following» The analysis    of the doaeatio ooal   policy alms at     the 

«i««*. /*.+.*? Preservation of the aocial-eoonoaioal struoture of the Santa Catarina oarboniferous regioni «•«**• o* *ne 

b) national Security; 
o) Scohange value tolano« - Iron and steel-produot 

export ; 
d) Quality and price of metallurgical coalj 
e) Onus distribution. Dieplacement or diversification 

of the use of doaestio coalj 

All the proposed purposes should be achieved by partly 
displacing the consuming market to the eldotrical area  (therao- 
electrio) and others, that offer an opportunity for the iron and 
eteel induatry to achieve higher productivity in its Blast- 
furnaces, and consequently, lower production costs. 
Coke atresia 

Parameters referring to ook« strength are not included 
•aong the restrictions of ooke quality, for this is a non-linear 
funotion of the pe tro gre phi o ooapoeition   of the various kinds of 
ooal. 

Coke stability, measured according to ASTH Standards 
beoause of operating conditions in the Blast-Purnaoes, should bo 
higher than 53*. 
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Therefore, having the classification ©f oort. Ujndi 
p.r Talua.^îyîn bî'-sîlîîfx«, w. .hculd analyse thsm in th. 
light of ooka stability. 

Hence, two ways arise» 

a) Box-test 
T* will be necessary to propare an amount of samples 

•Slàfe ss &»•&« SäSä «s 
mined* 

b) Petrography 

In this case a pétrographie analysis of the coal will 
be necessari slicefrom its risulta we can foresee    coke sta- 
bility in accordance with the method developed by Amaosov, 
Sohapiro and Gray. 

Obviously, the blends that do not meet this restriction 
en coke strsngîSwïil to disregarded while the other are clae- 
sified according to their economical value. 
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