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1. INTRODUCTION 

At t he present t ime, the coke-maker is faced with a number of cons ­

trai nts. Primarily, he mu st produce, in as regular a fashi on as possible, coke 

of excel l ent quality, responding to t he requirements of the blast furnace ope­

rators. This priority duty must be achieved, whilst ta king care particularly 

t o minimise energy costs and ensure max imum battery service life. 

These different object i ves can onl y be atta ined by apply ing consta nt 

and effective control of the coking process. 

Many programmes of work have been carr i ed out worldwide, aimed at im­

proving coke-oven central (1- 18 ). 

Si nce 1977, C.R .M. has also been invo lved in resea r ch into means for 

improving coke -oven control . We have developed , i n col l aboration with ou r af­

fil iated plants, an efficient cont r ol system . The princ ipal elements and 

se nsors used in this system have been at f irst worked out and tested in 
different coke oven plants and progressively installed at the coke plant of 

COCKERILL-SAMBRE - Marchienne. 
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2 . PHILOSOPHY ADOPTED BY C.R.M. 

Figure 1 shows, in schematic fashion, the control system put forward 

by C.~ .M. for ensuring the overall reguiation of a coke - oven battery. 

2 .1. Basic principle 

The basic principle involves adjusting the therma l input to the real 
requ 1rements of the coke ovens, by altering the hea t ing paus e time at 

reve rsals, when a ri ch gas is us ed for heating , ar, if a l ea n gas i s used, the 

calorific value of the heating gas. 

2 .2. Preliminary stabilisation 

ln arder to regularise the operation of a coke- ov en battery ata gi­

ven produ c tion rate , it is necessary to s tab ilise, as far as is possib l e , all 

of t he factors whi ch can have an effect on the process. 

I t i s therefore, above a 11 , nec es sa ry to us e a hea t1 ng ga s of wh i eh 

the calorific valu e doe s not change in an un prompted f ashi on . lt i s also ne­

cessary to control and stabil ise the composition of t he coal blend , and as far 

as pos s ible also its humidity and the weight charged. 

ln spite of this , there sti ll exist certain variat ions wr.i ch it is 

advisable to allow for, by means of control loops acting i n feed-forward on the 

hea t input. 

2 . 3 . Fina l adjus tmei t 

Not al l of the disturbing factors can be detected and cont r ol i ed , but 

can, for al l that, have a s ignifi ca nt effect on th e pr ocess. It is the r efore 

necessary to compensate for these effects, by mean s of feed - back control loops 
in the sys tem. 

Above all, it i s neces sary t o take care t o maintain the mêan t empe ra­

ture of the battery at a constant level. This tempe ra ture i s mea sured by means 

of thermocoup les in sta lled at the top of different hea t in g flues in the battery . 



521 

If the mean temperature thus measured deviates from the set point value, a re­

gulator adjusts the heat supply soas to correct this deviation. 

The temperature drop of the distillatfon gas in the ascension pipes 

permits the detection of the coking end-point. On the basis of related indica­
tions from a number of ascension pipes, it is possible to che ck that the coke 

is, in general, discharged when it is correct l y carbonised. Jf necessary, a 

control loop alters the set point value for the mean battery temperature, so 
that the coke is correctly carbonised within the time allowed. 

A battery of gas analysers (for CD, co2 and o2), situated on the was­
te gas circuit, at the regenerators' outle t, allows to check whether the hea­

ting gas has been completely burned with a minimum of excess air. If required, 

a control loop adjusts the draught at the stack. 

Finally, by measuring the surface temperature of the coke cake during 

pu shing, it is possible to detect inhomogeneous heating and to come to an in­

formed dec ision on the corrective actions to be carried out manually on the 

heating system (cleaning of burners, "rodding" of diaphragms, etc . .. ). 

We wi 11 herea fter examine i n greater de ta i 1 the techn i ques use d to 
impl ement these different controls. 

3. CONTROL OF THE THERMAL LEVEL OF THE BATTERY 

3.1. Objectives 
.. 

The constant maintenance of an appropriate th erma l le ve l of the bat­

tery is of prime importance. It ensures the production, within the time avai­

l ab le, of coke of good quality, whilst avoiding untoward overheating : 

lt the mean temperature of the battery is too low, the quality of the 

coke decreases. Moreover, it may cause problems and increased pollu t ion during 
pushing. 

If the mean temperature is too high, the energy balanc e is adversely 

affected and the service life of the ovens may be reduced. 
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3. 2. Measurement system 

C.R.M. has developed a temperature probe consisting of a Pt/Pt-Rh 
thermocouple, protected by an alumina sheath, inserted into an outer sílica 

sheath (fig. 2), which is totally compatible with the refractory brickwork and 
resistant to thermal shock, whilst the inner sheath protects the platinum from 

any a ttack by the si 1 i ca. These probes have been insta 11 ed a t the top of a 

number of flues in a coke-oven battery, to measure the f1ue gas temperature. 

Jnitia11y, these thermocouples were placed in the axis of the hair­

pin, as i1lustrated in figure 3. This location is r e1atively easy, if antici­

pated when the battery is under construction, since previous1y-pierced bricks 

can be used. However, the installation of thermocoupl es of this type into an 

existing battery necessitates drilling holes in the battery roof. 

ln arder t o avoid such drilling, which, in spite of everything, is a 

delicate operation, we decided, in a second stage, to introdu ce the temperature 

probes through the inspection holes usually provided at the top of the heating 

f1ues ( fig. 4). 

3.3. Results 

Figure 5 a11ows comparison of the evolution, wi th ti me , of the cla s­

sical temperature measured on a brick at the bottom of the fl ue , using an opti­

ca l pyrometer, with that measured by a thermocoup1e in the top of the corres­
ponding haírpin. Each point on the diagram refers to a 20 -minute period corres­

ponding to one phas e of the reversing cycle. For the temperature measured 

classical ly at the bottom, of t he flue, we have taken into consideration the 

mean value of two measurements carried out in the down- com i ng flue, 5 and 15 

minutes, respectively, after inversion. With respect to the thermocoupl e at 

the top of the haírpín, we cons ide red the mean valu e from te n individual mea­

surements, recorded at invervals of 2 minutes. 

These two temperatures present parallel trends and t hey are affected 

in similar fashion by pushing and charging operations, relative to the two 

ovens surrounding the heating wall con cerned by thes e temperature measurements. 
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It shoul d be observed that the flu e gas temperature measured at the 

top of the hairpin is about ll0 º C lower than that measured on t he brick at the 

bottom of the flue. Figure 6 shows, nevertheless, that the two temperatures 

are closely corre lated (r: 0.84). 

ln a second stage, we compared the tempera t ures meas ured in the flue 

gases by two thennocouples sited respectively on the axis of the hairpin (fig. 
3) and, just to its side, in the class ical inspection hole (fig. 4) . We compa­

red the mean values measured during each inversi on pha se, over a complete car­

bonisati on cycle . Figure 7 shows that the two measuremen ts are totally equiva­
lent, since they correlate perfectly (r: 0.995, a r : l .4 º C). 

I t can be concluded, therefore, that the mean value i ndicated by se­

veral probes, meas uring the flue gas temperature at the top of several correct­

ly-chosen flues, const itutes a valid measure of the thermal l evel of the batte­

ry. 

This technique is reliable. The corrmercial temperature probes ini­

ti ally us ed had inadequate se r vice life - about three months. For this reason, 

C.R. M. developed a temperature probe better suited to the requ irements (see 

section 3.2). These new probes have been ln place more than a yea r and are 

still in service. 

The technique offers the great benefit to a continuous mea surement, 

labour-free , whereas the classical measurement, carried out at the bottom of 
th e flue with an optical pyrometer, requ ires a spec ifi c labour input and provi ­

des a measurement which is essentiall y discontinuous and, ln part , sub j ective. 

4. C0NTR0L 0F THE 0EGR EE 0F CARB0NISATI0N 

4. l. 0b iectives 

The control of the degree of coke carbonisation is essential, to en­

sure production, within the time available, of hi gh quality coke . 

!f the coke is pushed wh i l st incompletel y coked, it s qu al ity can be 

adversely affected. This can also lead t o difficulties duri ng 
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pushing and increase the pollution level . 

:f the charge i s overcoked, a part of the energy consumed is, in ef­

fect, wasted . 

4. 2. Measurement system 

A number of the ascension pipes of a coke-oven battery were each 

equipped with two thermocouples, in order to measure the distillation-gas tem­

perat ure, at the base and the top, respectively (fig. 8 ). The thermocouples 
are 1 . 7 m apart and are of the Chromel/Alumel type, protected by a heat-resis­

ta nt stee l sheath. 

The temperature difference measured between the two the rmocoupl es ex­

hi bits a characteristíc trend (fig. 9) which can be related t o the state of 
progress of the carbonisation proces s 

ln the first hour s after charging, the coal gives off a significant 

amount of gas. The residence time of these gases i n the ascension 

pipe is l imited and, as a result, they undergo a sl ight temperature 

decrease. 

- After a certain time, whic h depends on the therma; level of the bat­

tery, the oven geometry and the characteristics of thE charge, the 

amount of gas distilled decreases, its residence time in the ascen­

sion pipe and, consequently, the temperature diffcrence increase. 

When the co ke is completely cured, distilla tion gas is no l onger pro­

duced. I f the coke is retained i n the oven above this ti me, the tem­

perature difference observed between the two thermocouples becomes 
high but no longer variable . 

lt is logical to assume that the time corresponding to the compl etion 
of coking lies within the steeply-rising portion of the temperature drop curv e. 
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4.3. Results 

During a period of relatively stable operation of the battery, we 
car ried out a measurement campaign in which the coking time for a number of 

ov ens was intentionally varied. 

The coke produced in the various test ovens wa s isolated after quen­

chi ng, then ca refully sampled before complete characterisation. 

Figure 10 shows the results obtained on the basi s of t he J 10 índex 

as a measure of the degree of carbonisa t ion . Jt is shown that, under the test 
condi t ions , thi s índe x no longer changes after 15 hours. It becomes therefore 

poss ibl e to localise the corresponding point on the temperature drop curve of 
t he di st illation gas. 0ne can see that thi s characteri stic point is effecti ­

vely l ocated in the steepl y-rising portion of the curve . 

We are pursuing our tests at different temperatu re leveis, in arde r 

to determine with an even grea t er acc uracy the cok ing end po in t. We will then 

be ab le to use this measurement on a r outine bas i s t o check whether the charg e 

i s pushed when completely coked. lf thi s is not the case, the set point val ue 

of t he therma l level of the battery will be adjusted in a suitab l e manner. 

5. C0NTR0L 0F HEATING-GAS C0MBUSTI 0N 

5 . 1. 0bj ec tives 

ln order to obtain a low heat consumption , it is necess ary t o ensure 
a complete combust ion of the un der f ir i ng gas without usi ng a t oo great excess 
of ai r : 

Jf there is insuffi cien t exce ss air, part of th e hea t ing gas wi ll be 

rejected, unburnt, through the stack, constituting a los s of energy . 

Jf the volume of exces s air is too high, the hea t ing ga s will be com­

pletely burnt, however the heat las ses in the off-gas increase and 

the energy balance will again be adverse ly affected . 
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5. 2. Mea surement sys t em 

The waste gases are sampled at the ou t l et of the regenerators and re-

1ayed by piping to a battery of CO, co 2 and o2 ana lysers. 

A system of pneumatic val ves, cont r o11ed by a mic i-opro:essor , permits 

cyclic ana lysis of the waste gases from the vari ous regenerators ( fig. 11 ). 

The analysis results are processed and stored in a computer . 

5.3. Result s 

By mean s of this technique, we hav e for exampl e been able to esta­

b1i sh that , in a given case, some heat in g walls operate d wi th an over -excess of 

air, t he oxygen content of t he waste gas sometimes reach i ng 10 %, wh i1 st others 
operated co rrect1y , i.e . with out producing un burnt gas (1,a s t e ga s CD contents 

below 200 ppm ) and with a r e1atively satisfac t ory excess -air content (,vaste gas 

oxygen conten t of 5 %). This wa s dueto ineffic i ent part i t i on of air between 

the various he ating wa1 ls. This an oma ly could be corrected an d now a1l of the 

heating wal l s operate wi t h minimum excess air. 

Th e mea n data relating to different heat i ng walls are per i odi ca lly 

compared , t o rev ea l any possible anomal y in a given heatin g wall . 

The mean va 1 ue of the ana lyses of the heati ng wa 11 s ove ra 11 is us ed 

to co ntrol the draught at the stack, soas t o ensure constant fu1 l combustion 

of the heating gas, with minimal excess air. 

6. CONTROL OF HOMOGENEITY OF HEAT!NG 

6.1. Obj ect ives 

It is essential to ensure uniform heating throughout a1l of the 

ovens . Inhomogeneity of heating can, in effect, result in : 

1) variable coke quality, with possible problems during pus hi ng and increased 

pollution ; 
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2) ex cessive energy consumption, since, in arder to avoid weak l y coked zones, 
í t wíll be necessa ry to accept overcoking of the hotte s t zones, which can 

als o lead to graphitisatíon ; 

3) generation of thermal stresses in the refrac t ories, and hence a reduction 

i n the service life of the battery. 

. 2 . Measu rement s ystem 

l n arder t o control the uniformity of temperature in the heating 

wa 11 s , C. R. M. has proceeded from the concept tha t a 11 i nhomogene i ty i n hea ti ng 

at a given flue is reflected necessarily in the tempe rature attaíned by the 

co rresponding surface of t he cok e cake at the end of carbonisation . ln this 
way , the COTHERM system, shown ir. principle in figure 12, was conceived . 

The system operates as follows : 

During pushing , three infra-red pyrometers insta lled on th e coke-gui­

de measure the surface tempe rature of the coke cake at three diffe­

ren t leve l s . 

Da ta are pre-processed and t emporari ly stored by a microprocessor 

mounted on the coke-guide. 

After th e ove n is pushed, the data are transmi t te d by a carrier si­

gnal to a main compute r in the control room. 

Th is computer processes and stores the data. 

The principal res ult s are disp layed on a colour monitor and printed 

out. 

6. 3. Result s 

The COTHERM system can be used to central unifonnity of heating in a 

given oven, at t hree levels of measurement (fig . 13) . 
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Usi ng the temperatu re profil es measured at a given l evel during the 

most recent push of each oven, one can esta blish a ther mal map, showin g, in co ­

ded form, the temperature di stribution of the vari ous flue s in t he battery 
( f ig. 14 ). Although, for purposes of publi cation, we ha ve used a black - and ­

white code , the therma l map s are , in practice, print ed ou t using a colour co de, 

whic h makes it very easy t o l ocate the hottest and coldest flu es . 

By util is ing the mean recorded temperature f or each flue, over sev e­

r al successive pushes, t he system permits the easy de tec t ion of f l ues whic h ex ­
hibit a persistent anomaly . Figure 15 , obtained by considera ti nn of th e ther­

ma l profi l es duri ng ei ght success i ve pu shes of each ov en e l ea r l y shows tha t 

heating wall s 1 to 6 are runnin g too co ld wherea s heating wall 17 is too hot . 
l t can also be noted that flu e 16 in heating wall 12 i s too cola. Thi s is con­

fi 1111ed in figure 16 , which shows f our successi ve i ndi vidual profil es for ove n 

12. 

Based on the se vari ous diagrams, t he operator can IT,ake a reasoned 

j udgmen t with respect to corrective actions such as c l ean i ng of burners , "rod­
ding11 of diaphragms, etc . . . 

The sys t em can a l so revea 1 ev i dence of vertical heteroge ne ity, s i nce 

temperature meas ureme nt s are car r i ed ou t at th ree dif fe rent leve l s . For eac h 

flu e , it is in fact possible t o calculate an index of verti cal heterogeneity, 
wi th the aid of the foll owin g exp ression : 

3 
1: (Ti - T)' 

Hl f 
i=l 

3 

with 

Hl f ve rtical hete rogeneity i ndex fo r flu e f (" C) , 

Ti temperature of flue f measured at leve l i (ºC ) , 

i mean temperature of flue f ( ºC). 
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Figure 17 shows, as an example, the vertical heterogeneity inde x for 
the different flues of a particular oven. lt will be seen that flues 3 and 20 

t o 23 of t hi s oven exhibit t he most serious vertical heterogeneities. 

Here also, the use of data relating to several successive pushes of 

each oven allows better detection of persistent vertica·1 inhomogeneity and fa­

cilitates the formulation of the appropriate decision. 

7. COMPLEMENTARY CONTROL S 

ln arder to assist the coke-maker to make a more-object ive judgment, 

with respect to proper operation of his batteries, the control system also pro­

vides tables and diagrams which give, for each oven, the coking time, type of 

heating gas and the weight of coal charged (fig. 18 ) . 

8. CONCLUS!ON 

ln collaboration with its affiliated plants, C.R.M. has deve loped an 

effective control system for the operation of coke-ovens . 

First of all, this system permits the regulation of the thermal level 

of the battery. Moreover, it allows control of the degree of coke carbonisa­

tion and, also, the efficiency of the .underfiring. Finall y , it facilitates the 

detection of possible heterogeneities of heating and reasoned judgments as to 

corrective actions. 

This system has been progressively installed in the Marchienne coke 

plant of COCKERILL-SAMBRE and is now in the process of being instõlled in other 

Belgian coke plants. 
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Fig. I. Thermocouple position at the top of the heating flue 
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Fig 13 Typical coke cake tempera ture pro f iles 
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Fig. li. Temperature map of a coke ove n battery 
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Fig. 17 Vertical flue temperature heterogeneJty 
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Fig. 18 Additiona l information on operating ccnditions 






