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1 - INTRODUCTION: 

The energy recover y in the ptbductive processes has been 
an outstanding point to be considered, and s tudie s have been devel 
oped by the modern industries, speciall y by the biggest consuming 

ones. 

As the steelworks are big energy consumer s , effo rt s have been 

made to reduce the energy consumption and a l so t o make the se in­
dustrie s less depe nd ent on external sourc es . 

The Coke Dry Quenching Technique i s not new; i t has been 

developed by the Sulzer Brothers in Switzerl and in the middle of 

twentie's and it is actuall y the starting point for the de ve lop­

ment of the dry quenching tec nique in the stee l maki ng process. 
Since Sulzer Brothers' t echnique was intermitt ent, i t has limita­
tions in quality and quantity of the steam produced. 

A new conception of CDQ, for continuou s opera t ion ha s bee n 
developed by the USSR, around 1960, deve l op ing thc technology, 
and the first plants were s t a rted up in Cherepovetz . 

With the high i ncre a se of energy cost s , the bi tter neces si ­

t y to reduce pollut i ve sourc es, as well a s th e resul ti ng irnpr ov~ 

ment in coke quality, the Coke Dr y Quen ch ing proces s ha s become 

of a v ital importance f or the international steelmak in g world. 

ln the sixt i e '~ Japan ha s acquired th is technolog y and has 

implernented it in many of their plants. Recentl y in Br azil , in 

Companhia Siderúrgica de Tubarão - CST, th is system has bee n i rn­

pl ernented, and t h is pro cess is already conquered. ln addition 

in some aspects, i t has been improved by CST own Know - how . 

Table 1 show s the distribution of the Coke Dr y 

plants nowadays in operation.( 1 ) 

Z - OBJECTIVE : 

Describe the coke Dry Quenching t e chnolo gy. 

Report the CST's experience in the CDQ p l ant . 

Show CST's operational results . 

Que nc hing 
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3 - PROCESS DESCRI PTION : ( 2 ) 

The incandescent coke is pushed to a meial bucket with a 

sliding bottom and placed over a platform which is pulled b y an 

electric locomotive. 

Thc bucket is conducted to the CDQ, where after co rrect 

placed is lift by the travelling crane tower to the quenching 

chamber' s top where the coke is unloaded in the charging hole 

All the Coke Dry Quenching translations follows a logical syn­

chronism, so that to give operational security and to save time. 

The coke, in the quenching chamber (temperature 1000 9C 
1100 9C), is brought into counter current contac t with inert gas 

flow and, by this way, it is cooled. 

The gás absorbs t he coke sensible heat, reaching t emperatures 

between 700 9C and 800 VC, then pass es in a waste heat boiler 

where happen s the heat t ransfer with the water, producing steam 

und e r certain c onditions of temperature and p ressure. 

After th e heat exchange in the boiler, the cooled gas ( tem­
perature about 180 9C) i s returned ag a in to the chamber by a fan 

and it is kept in a closed circuit. 

The CDQ p l ant consist s normally of many parts following the 
l ay out priorly chosen wi th capaci tie s d e termined br the coke qua!:_ 

tity necessary t o be quen ched. Basica ll y each part has a quench­

ing cha mber (divided into prechambe r and the c ooling chamber it­

se lf ) discharging device, wa s te h eat boiler, fan for continuous 

gas circulation, c oke dedusting equ ipment for ci r culating gas 

c l eaning and dust catching a nd t ran s portin g sys tem . Fig. 01 shows 

a ge ner a l flow s heet of the process. 

3. 1- Prcchamber ----------
lnside the precha mb er coke i s h e ld for a bout 1 hour and dur 

ing this tim e it i s s till incandesc ent, improving its homo­

gcnci za tio n a nd physical qualit y duc to this addit ional' 

improved ove rsoaking process. 

Th e pre c hamber ha s the purpose of re gu lating the coke charg 

ing to the cooling chamber, it absorbs the changes in the 

charging flow,thus a llows a continuous discharge of quench­

ing coke and mainl y a stab l e steam generation. 
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We have to mention that the circulating gas is not brought 
into contact with the incandcscent coke in the prechamber. 

3.2- Coolin~_Chamber: 

Inside the cooling chambcr itself, coke is slowly cooled 
down to a sui tabl e tempera ture for i ts d ischarge. Th is slow 

dry cooling is the main factor for the increasing of the 

coke physical characteristics because it reduce s dceply the 

occurrence of macro and micro cracks in the coke lumps which 

are the main elements for the coke strength and stability 

improvement. 

3. 3- !?~:'.~~~.!:~!: : 

The quenched coke is discharged (the temperature about 180 

9C) in the lower part of the chamber in an alternate se­

quence with pressuri2ed Nitrogen in arde r to p r evcnt leaks 

of circulating gasto the atmosphere. 

3.4- Auxiliary_Egui~ment: 

Between the cooling chamber a nd the wa s te heat bo iler,there 

is a dust catcher to remove the circulating ga s coars e dust, 

in order to prevent the rupture of thc wa s te hea t boiler 

next the tubes by the abrasion. 

Between the waste heat boiler and the main fan ther e are 

two cyclones to remove fine dust in arder to pr event the 

fan blade wear. 

All the dust recovered i s sent, by means of a pne umaticca~ 

rier, to bin s where are di sc harged in truck s fo r various u 

ses. 
The Coke Dry Quenching plants, depending on th e ir charac ­

teristics and lay-out can also have auxiliary eq uipment for 

the waste heat boiler op e r a tion like deairing equipmcnt 

chemical addition system, boiler feeding wa t e r s ys tem, etc. 

3.5- Gas Circuit 

The cooling gas, afte r the ma in f a n, i s blown in the bottClll 

of the chamber, passing by a system of centr a l and periph-

eral distribution in arde r to allow a n uniform cooling 
through the coke. This ga s circulat e s in co unt e r - current 
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and ascends in the quenching chamber, pa s sing through a 

collecting split ring, composed by disposed channels of 

r egular shape through out the top chamber perimeter. From 

the collecting ring the gas pass' to the dust catcher, waste 

heat boiler, cyclones and to the fan, and then blown again 

into the low part of the chamber, flowing continousl y in 

a closed circuit. 

The cooling gas circúit is under depression through out the 

part between chamber' s outlet and the fan inle t; so this p a rt 

has to be airtight, because any air inlet c~n provoke coke 

combustion and explosive mixtures, For a safe ope ration of 

the Coke Dry Quenching the content of the following elements 

of the circulating gas are controled: H1 s 4 , 0 I ; CO s 12,01; 

O, s 1,0 I; CO, s 14,0 I; N2 .:: 70,0 L The plant is also 

provided with an auxiliary fan for eme rgenc y in order to 

keep continuous cooling gas circul at ion to prevent explo -

sive poc ke ts. 

4 - PROCESS PRODUCTIVITY RESTRICTIVE VARIABLES : 

Among the main variables that limits the process 

tivity, the outstanding ones are : 

discharged coke t emperature; 

circulating gas specific flow; 

waste heat boiler productivity; 

produc-

circulating gas temperature in the was t e heat bo i l e r inlet; 

gas distribution in the cooling c h ambe r; 

ci rculating g as composition. 

5 - MAIN ADVANTAGES OF THE COKE DRY QUENCHING 

5.1- Energy_Recoverr 

F r o m t h e Ta b 1 e II , where it i s shown, for 

illustra te means, the foreseen heat balance shee t of the 

CST 's Coke Dry Quenching plant, we can observe that foreseen 

efficiency for the process is around 84,0 i,whic h is an 

expressive number, from the point t hat a ll thi s energy is 

lost, in the conventional quenchin g . 

• 
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5 . 2- Environme nt Control : 

Among the main environment control advantage s of the CDQ 

process we sh~uld mention the elimination of the steam gen-
erated in the wet quenching which is pot encial re s ponsable 
for the corrosion of metal s tructur es dueto chloride a nd 

sulfidc formation and the eliminat ion of the hydric pollution 

generated by the CWQ process. 

5 . 3- ImErovement_on _Co ke_Qualit y 

Improvement in phys i ca l and chemical quality of the produced 
coke is dueto the c oke holding time in prec hamber to s low 

its a nd gradual cooling and t o the compression and abr asion 

s uffered by coke down-stream in the c ooling chamber. 

6 - CST 's EXPERIENCE 1N CDQ OPERATION 

Thé CST's CDQ pl ant consist s of fi ve c hambe r s/ waste heat 

boil e r wich are independent of eac h o ther and thc former project has 

foreseen four c hambe r s in opera tion a nd one i n st and - by cond i tion. 

The plant has two c r ane tower s and two t r avellin g c r an es to 

1 ift the coke bucket t o cha r ge the chambers. Th e p l ant was proj ec t 

for the quenchin g capacity of 1,670 x 10' ton s of c oke pe r yea r . 

The plant basic s pecifications ar e shown on Table 111. 

The plant st a rted up i n 07. 04 . 83 and CDQ c ok c prod uct ionhas 

already surpas s cd S._S x 106 tons. In Tabl e IV, th e s t a rt - up dates , 

acc umalated pro<luction, a s well as the shutdown da t es of each 

unit a re pre se nted. 

After four yea r s of CDQ's ope r a tion, CST i s alrcady skillcd 

on the proc ess wh a t a llows to e ns ur e a secure a nd stable opera -

tion. Practi c al c ontrol models were deve l oped and improved what 

a llowed not onl y to ach iev c thc originall y f o r eseen ope r a tiona l' 
res u l ts but t o improve, in most of the case s , th e pe rfo r ma nce and 

produc tion capacity of the plant. 

Du r ing the f irst semester in ope rat ion , s om e ir r cgu laritie~ 

t hat were happening and affec t e d the ope r ation someho w, wer e over 

come. Among th c ma in ones we c an mention : 
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6 . 1- Premature_Refractories ___ wear ___ of_the_Quenching_Chamber: 

The life of thc quenchin g chamber refracto'r ies was initially 

forescen to last between seven an~ ten years, but in an 

inspection carried out six months after th e start up an 

excess ive refractories wear ocurred suggesting the necessity 

of a total rebuilt in les s than one ye ar. The adopted solu­

t ion was Gunning at all the affected region, using, for 

this purpose, a technolog y of preparation, projection and 

own hand labor, and today we can assure that refractories ' 

r ebui lt will happen at the foreseen t i me. As a secur it y d~ 

cision the quenching chamb er s refractories specifica tion was 

changed, as well as th e brickwork erection engin ee ring was 

improved, aiming a bettcr strength, and the refractories 

were developed a nd made in the brazilian industries. 

6.2 - Cooling_gas_Veloc ity 

Dueto the excessive cooling gas velocity at the q uenching 

chamber's top, the r c was a coke pu ll from the chambe r to 

the collecting ring where the gas l eave~ The adopted solu -

tion was a new adjustme nt of each channel, to d ecrease the 

gas velocity down to an appropriate values, avoiding the 

c oke pull, decrea s ing the ca rgo loss and avoiding production 

reduction, or even the unit breakdown. 

6.3 - Waste_Heat_Boiler __ Pieings_Holes : 

During the beginning of quenching chambers operation, holes 

occurred in the was te heat boi ler' s piping, mainly because 

o f the foll owin g rea s ons : 

Fai lure s in the weldings performed during th e erection 

stage wich were solve d by changing the pipings by cor-

rective repairs. 

Abrasion due to fi ne dust of the circulating gas , which was 

solved with the install a tlon of deflectors at the waste 

heat boi l er ' s top , to prote ct pipingswJiich were th e most 

affected. 

6.4- Dust _Circ uit _Holes : 

ln some du s t e i rcu i t pa r ts , basa 1 t coa t ing ha s been already 
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foreseen, holes in other various parts have occurred, wa s n • t 

any previous basalt coating, and this co a ting wa s ne ces sar~ 

Is important to mention that the du s t tran sporting system 

must work correctly in order to avoid the plant breakdown ' 

dueto obstructions. 

6 . 5- Thc_Chambers_Refractorics_Drying_and_Heatins_Me thod: 

Th e recomme n.d d mcthod by the project, happene d t o bc im -
proper, be cau _,, · ts difficulty to r each t he heating pr evirus 

temperature levei and also its diff iculty to keep the he a­

ting curve. ln order t o overcome the se diff iculties, the 
heating curve has bee n modified , and a di ffuse r was adapted 

to homogenizate the temperature in variou s chamb e r's l evel s, 

to a llow a t emperatu r e risc follo wing the new adopted curve . 

6 . b- Exces sive _Heating_in_ The_Trave lling _Cra nes _Painels '_ Room: 

The excessive heating in the pain e l s ' room ha s been de -

crcased by changi ng the ro om lay-out and l eaving the elec ­

tri c -electronic paine l s insid c air co nd iciona ted cubicles . 

This excessive heating induc ed innumerou s breakdowns, a nd 

the unit pe rformance ha s been affec t ed . 

6 . 7- Hish_Travelling_Cranes_Motor_Vibration 

The high motor vibration was decreased by th e in troduct ion' 

of mechanic a l change s in the t rave lling cranes reduccrs . 

6 . 8 - Electri ca l,_ El ect ron ic _and _Mec hanical_Componen ts 

During the operatio~ prematu r e wears occurred in some im ­

po r ted electrical, e l ectronic a nd mcchanica l componen t s t hat 

were not available in the Brazi lian ma rke t, so the y have 
some temporary changc s and afte r they we r c na t i ona li zed . Up 

to now ther e are mor e than 300 na tion ali ze <l jtems . 

6 .9- CDÇ_ Ope r a tiona l_Mode l : 

The CDQ foreseen ope r ationa l mo de l, con s ide re d regular i n­

candescent c oke fecding, but this model turned to be impra~ 

ti cab l e , dueto thc necessi t y of a block coke oven bat t erv 

ope ra tion, in orde r to a llow intervals for preve nti ve main­

t e nanc e o f one of the two available machin es groups t o 
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operat e t hc coke ove n ba ttery . 

As in the b locks operation model there are moment s with 

ex ce ss a n<l shortage of coke, we started to operate with the 

fi ve CDQ' s unit s , not leaving ohe in stand- b y that was 

pr ev iousl v prejected and wa s developed one CDQ' s operational 
model with the prechamber levels complet e l v va r iab l e in 

orde r to absorb the coke oven ba tte r y produc t ion ope r a t i ng' 

in block. 

7 - OPERATIONAL RESULTS ACHIEVED BY CST 

7 .1- Dry_Quenching_lndex : 

ln CST the dry quen che d coke production is abo ut 96 1 of the 

t o t a l coke produced by the coke ov e n battery . The main reason 

tha t does not allow the quenching of a ll the p roduce d coke 

i s the ne cessity to stop the unit s eac h yea r i n order to 

have the wa s te heat boilers their inpection r equired bv the 

l e g.i s lation. Thi s a nnu a l sh utdown is a l so used for preventive 

ma intenance. 

ln figur e 02 the evolution of the produc tion since the 

sta rt-up i s shown. 

7 . 2- Energy_Recoverl: 

The CST plant, was projected for a st eam s pecific generation 

of 565 kg/t of dr y quen c hed coke , but t he pra c t i ca l values 

are slightly highe r - 58 6 kg/t of d r y quenched coke, a s it 

can be obs erved in figure 03. 

Comparisons and e quiva l e nt for st eam r ec overy by the CDQ 

are show in Table V. con s idering th e ut i li za tion o f all 
the p roduced s team. 

The distribu ti on of the CST' s CDQ p r oduced s t eam utilization 

i s 89 \, as shown in fig ure 04. 

7 . 3- Coke_Hum id ity : 

The CDQ ' s coke , i s fr ee fro rn humidi t y when is discharged frcm 

the auenching charnbers ( ternperature about 180 9C ) , but it 

absorbs the environrnent al humidit y durin g its wa y to the 

Fla s t Furna ce ( sornetime s it reaches va l ues between 0,2 % and 

0,3 \) . Th e CWQ coke ha s highe r humidit y content, a nd also 
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presents a high variation according to the median. 

Figure OS, shows a comparison between the median and dis­

oersion of the units between DQ and WQ coke produced by CST. 

7.4- Coke_Strength: 

The observed coke strength increase is shown in figure Ob 

and it is remarkable that besides this increase the main 

point is its homogeneit y of values. These factors contribute 

highly for the stable operation of th e Blast Furn ace and 

also allow the utili zation of increasin g quantities of soft 

or even non coking coals in the coal bl e nding, reducing their 

costs, keeping the coke quality level s under the specific~ 

tion. 

7.5- Size Distribution : 

The size of DQ coke taken immediat e ly after di sch a rge is 

smaller than that WQ coke, dueto the stabili za tion that 

occurs inside the quenching chamber s . It can b e noticed, b y 

the size distribution curv·es ( fig. Oi) , th e great difference 

between them in the > 75 mm size quantity. As the > 75 mm 

size quantity in DQ coke is less than the WQ coke, it is 

possible to work without coke crushers . what it has alreadv 

been dane since 1986 and it has not affected th e Blast Fur­

nace coke size distribution and besides tha t it improved ' 

the yield up to 1,3 1 between the Blast Fu r nace coke and 

the coke taken immediatil y after discha rg e . 

7.6- Coke_Reactivitt: 

Reactivity testing s , we re mad e in 1985 ( not performaded by 

CST's laboratories), these results did no t s how important ' 

variations between DQ a nd WQ cokes u s in g tr adic ionaly used 

coal blendings. ln figure 08 the rcsult s of DQ and WQ coke 

reactivity testing are shown. 

7.7- Blast_Furna ce_Oeeration : (•) 

It was possible to comp a re the influence of ll'Q a nd DQ coke 

in the Blast Furnace operation on mar c h 198 b , when, du e t o 

the quenching chambers stoppagesit was neces sa r y to u se a 

large quantity of WQ coke. 
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Fr om the dat a in figure 09, thc changes can be obse rved. 

The top tcmpcr a ture decrease (TGT), and the thermal level 

( o Si ) va riati on , had to be ~ompensated with a 

tcmpe ratu rc increase. 

blast 

Re lated to thc permcability loss ( 6 P/V ) , dueto the 

fine particles retreat decreas e , dueto the top temper! 

ture decrease , there were not problems owing to the fact 

that the blast pres sure was in low levels. 

The day-by -day operational practice has shown that increasing 

participation of DQ c oke allows stability to Blast Furnace 

thermal level and operation. 
In figure l ü , the re ce nt monthly main data achieved by the 

Blast Furnace 1 ar e p re s ented, showing its stability mostly 

ensured by the applied coke quality . 

7 .8- Oth e r __ Coke_Qualit~_Data : 

The a sh, volati l e ma tter , fixed carbon data a re presentedin 

Table VI, and do not show signi[i cant variations. 

It also has to be mentioned that DQ c oke, on the contrary to 

the WQ coke, has not adherent fine particles, what is a 

factor that contribute s for the Blast Furnace 

dec rease. 

coke rate 

Thes e data were not presented because the equipment for these 

testing are not yet avail ab le. 

8 - C O N C L U S I O N 

. The Coke Dry Quenching Process is nowad ays a we ll-knon and 

reliab l c technology . 

. Using a Cokc Dry Quenching plant it i s possible to have 
an efficient control over po llutive emi ssions, since the plant 

has effic ient equipment for this purpos e 

. Hi gh ga in s dueto energy recovery, contributing for 

smaller dependence on e xternal sou rc es and costs reduction . 

. Improvement on coke quality al lowing use of increasing 
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qu ant i ties of l ess nob l e coal s, so de c r easing th e coa l bl e nding 

co s t s . 

Better homogeneizatio11 on coke qua lity, giving a bct ter 

Blast Furnace stability, so co11tributing t o reduce the coke rate . 

. The proces s is an alternative to be cons idered on 11ew 

ste e lworks projects, a11d i t s implementatio11 011 a lrcady - exis ting' 

steelworks, mainly the ones wich are under revamping stage . 

The process allows high level of automatio n and ce rtanly 

it can be performed by our national industrie s. 

CST is already suficiently skilled 011 CDQ p r oce ss in 

arder to ensure a secure a nd stable ope r at ion , and it can take 

pa rt on assi s t a nce for ere c t ion/implementati o11 of new CDQ unit s 

on steelworks; it can also t a ke pa rt on necessary trai n i n g 

since operation start-up up to stable operation stage . 
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TABLE I - DISTRIBUTION OF THE COKE ORY QUENCHING PLANTS NOWADAYS IN OPERAT ION 

PLA NT NUM BER TOT AL PRODUCTION STEAM PROD, START-UP 
PLANTS CAPACITY OF TEM P., PRESSUR E 

t/h UN IT S 1000 x t / YEAR t/h, 9C, bar YEAR 

- USSR : 
Cherepovets 56 s 1460 25/440/4 0 1970 

Cherepovets 56 6 1460 25/440/40 1978 
Avdevka 56 8 2760 25/440/40 1965- 74 
ll'estsiberian 56 9 2910 25/440/40 1969-7 1 
Karaganda 56 4 1 380 25/440/40 19 70 

Kr ivoyrog 56 1 O 3380 25/440/40 197 0 
Orsk 56 4 1400 25/44 0/40 1969 
Novo lipetsk 56 5 1620 25/440/40 196 9 
Novolipetsk 56 6 1620 25/440/40 1978 

- JAPAN 
Tobata 6 1 - - - - 27/440/40 1976 
Muroran 85 1 -- -- 39/490/68 1980' 
Og i s hima 1 70 5 ---- 38,5/270/13 1977 

Ogish ima 2 70 3 - --- 38,5/270/13 1979 
Chiba 56 3 --- - 30/220/2 1 1977 
Chi ba 100 3 ..,. --- 74/430/40 198 1 

Kashima 120 3 -- -- 50/540/103 1982 

- BRAZIL 
Tubarão 56 5 167 0 26 ,5/350/23 198 3 
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TABL( l i - HEAT BALANCE 

HEAT INPUT 

ITEM UANT. 10 Kc al / t Coke 

"- 1 COKE AT 1050 9C 360 ,O 

Az FAN ENERGY 8 ,5 

A3 COKE+V . MATTER COMBUST!ON 2 0 ,O 

.\ 4 BOI LER WATER 9, 2 

TOTAL 3 97 7 

ITEM 

B 1 COKE AT 200QC 

ll z SUPERFICIAL LOSSES 
B 3 OJSCHARGE GAS 

B 4 PRODUCED STEAM 

TOTAL 

A4 BO! LER WATER 

HEAT OUTPUT 

UANT. 10 3 Kcal/t Cok e 

2 3% 

45,0 

1 5 , 9 

3, 2 

3 3 6 , 6 

397 , 7 

A3 COKE+V . MATTER COMBUSTI ON 

Az FAN ENERGY 

A
1 

COKE AT 1050 9C 

B4 PRODUCED STEAM 

B3 O! SCHARGE GÃS 

B2 SUPERFICIAL LOSS ES 

81 COKE AT 200 QC 

90 

90,5 2 

2, 1 5 

5 , 0 3 

2, 30 

10 0 00 

% 

11, 20 

4, 00 

0 , 80 

84 , 00 

100 00 
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TABLE III - CHARA CTERISTICS OF THE CST's CDQ SYSTEM 

~ PLANT TECHNICAL CHARACTERISTICS: 
Ra tcd Capacity .. . . . . .. . .... .. .. . .... • .. 

,- Ope rati on Capacity .... . . .. ........ ... . . 

Inca nde sce nt Coke Temperature .. . .. . ... . 

Quench e d Coke Tem perature .............• 
Chamb er In let Gas Temp era tur e .. . ... .. . . 
Chamber Outlct Gas Temperature . . .. .... . 

Gas Spec if ic Capacity ...... .... .. . . ... . 
Steam Hour l y Producti o n 
Ste am Characteris tícs - Pre ssur e .. .. .. . 

- Temperature •... 

Spec ific Generat ion 

~ QUENCHING CH AMBER: 
Pre-Chamber - lnner Díam eter . .•. . ...... 

- Vo lu me .... .. ... .... . .... . 

- Holdi ng Time .......... . . . 
Coo l i ng Cha mber - lnner Diameter .... .. . 

- Volu me .. .. .. .. .. . ... . 
- Hol ding Time .. ...... . 

Total Height 

To t a l Quant ity Per Di sc harge . . .. . . .... . 

~ GAS C IRC UIT : 
Gas Aver ag e Analysis: 

- co
2 

........... . . 

- e o . . ... . ....... . 
- º2 
- H2 

- N 

- Dust . .. ......... . 

- Ma x imum Ci r cu lating Ga s Capacity Usi ng 
Ma i n F a n •••••••.••••••••• . • •••• •.• •. •• • 

- Max imum Circu lating Gas Ca pacity Usíng 
Au xi liaryFan . . ... .. .. ... . ... . ........ . 

52 t/h 
48 t/h 

950 a 1050 QC 

around 25 0 QC 
around 180 QC 
around 800 QC 

arou nd 1 500 Nm' / t Co ke 
27 t/h 

23 t / h 
350 QC 

565 Kg / t CDQ 

57 80 mm 

! 143 m' 

40 a 50 min 
65 00 mm 

:': 250 m' 
2, 5 a 3, O h 

! 1 5 m 

1 . 8 a 2 . O t / Co ke 

~ 14 % 

~ 12 % 

~ 1 % 

,;;; 4 % 

~ 70 % 

5 g/ Nm '(m ax. 1 O g/ Nm') 

160 . 000 m'/h 

52.0 00 m' / h 



TML[ IV - UNITI DA TA 

iQ 

i Y[AR 198) 19/ól J 

i5 MONTH 
J A 5 u s o J ,. li • li J J A s o 

1 1 1 

STA RT UP l l / 9 
08 /S 

STOPPAG[ íOR INSP(CTION / REPAIR • 
o GUflNtNG OA T[ 

08/6 o 
u OPERA li 0N R(TURN 

10/ 8 
A 

CT 
QU[HCHING ou.o.,r . { q ' º. 4 76 266 . 66 ] 

ACCU>IJLA TCO QUAMT. { t) ]l, 1.1 )9 

START UP 
,,, 10 

STOPPAG[ fOR INSPECTION/ R[PAIR 

o GUNN I NG DATE 

u OP [ RATION R[TURN 
CT ournc111 Nc OUAMT. { t ) 24 . 11 2 ) 11 .)20 

ACCU!-l!LATED QUANT, (t) ) 41. 4 ]2 

STAR T UP 20/1 . 
STOPPAGE FO R INSPE CTIO~/ RtPAI R 

o GUN/l!NG CATE 
'º • OPERATI ON R[TURN J 
CT QU[ llCHING QUANT. (l ) 286. 715 

ACCUffJL ATCO QUANT, { ti 

ST AA. T UP º'/.' 01~1 
STOPPAG[ r oR IN SP[CTION/R[PAI R 

º'b' 
o 

• GUNNING OAT( 
21,/4 

u , OPCRA11011 R[TURN • 
e, · OUENCIIIN G OUNH. {t ) 121,640 ~ ~ 1 • 1/.S 

• ACCUMIJLMID OUAMT. ( t J "' .185 

STAR T UP 
0:.11 . 05/9 

• s t0rP'1~( íOR ltlSP[CTI O!i / RtPAIR . 
' lí' 

"' • GUNN IIIG DA TE 

u • OP[RA TIOH RtTURN 
e, 

· QUETICIHNG QllMí. (l 100 . 1 22 222 . 61 R 

· ACCUffJLATIDQUMH . ( t) J22. ·,n 
o STA RT " V STOPPAGt f'O R INSP[CTION/REPAIR 

O GIIN:nNG DATE 

198 5 

N u J F li A H J J A s o s u 

' ' ' 

"J' 
12-2411 

o 
2 2/8 

A 

l 12.916 

6 60,0H 

º'J' 
1'-&5/2 

Ot. / 4 
A 

"' 2S l 

62 0 . 685 

15/6 . 
2!.-25/ 6 o 

1) /7 

• 
)41. 598 

f.12 8 . ]] J 

'"' • ·i· 
24/ 5 . 

) 11,608 

108 .9 9 ) 

IA/ 12 
A 

'" • 0 8 7 ... . 777 

.o OPl'Rf\TIQrl R[l URN 

198 6 

J F ~ A H J J A S O 

' 

º''' 
10 - 12/ 6 

t 1n 
A 

)) 7 . 8 16 

991 . 869 

.. ,, 
1' -&51 1 

20 / 9 
• 

285 . 1 15 

90 5 . 800 

'"' V 

1:HJ/S 
o 

''l(' 
]2 ]. 1 " 

9 51. 5 0 8 

28/l . 
4- 'j/ 4 

o 
l l(' 

119 , 915 

1. 028 . 968 

02/J 
o ,, .,.,n 
o 

2t,/) . 
)11, 406 

t. 02& , I JJ 

1987 

s o J F H A H 

1)8 .032 

1 . 1H . 901 

1 lJ.098 

1. 038. 898 

129 , 880 

1.011 1. )8 8 

1)7.210 

1.1 66. 238 

1)/5 . 
,, ''if' 

120 . 18 2 

1.146 li ' 

ex, 
o 



TABLE V - [ NERGY RECOVERY 

CO KE PROOIICT 10 11 ST[A.~ PR0!1UCTIOII 
PER J 00 

C . JJ.Q ( t) (1) 

1 983 32 8. 350 1 ao. 330 

19 8 4 1. )6 1.081 B03. 79 3 

198 l 1 .623.36 0 9 S 1. 78 0 

1986 1 . 59 7. 48 7 94 1. 3 58 

!Cl 87 6 58 . 462 391 . 5'5 

TOTAL 5. 56B . 740 3.16 8 . 806 

[ QU I VAL[NTS: 

04 t o f ~t eam 
11 . 5 t of s leam .. 

Kca 1 (QUIVAL( NT 
SUBSI \TUT!Drl 

ENERGY 
OIL ( t) {HW } 

1 3. 358 45. 082 

59. 54 0 20 0 . 94B 

70 . 502 23 7 . 9 1, 5 

69. 7 30 235 . 339 

29 . 00 ) 9 7 . 886 

242 .1)1 81 7 . 200 

OI MW 

o, t o f oi 1 

EOU IVALEIH COSI [QU IVALHH COS T 
(CZS) (CzS l 

OJL ENERGY Oll EIIERGY 

42 .B79. 180.0C 3 L46 7. 230 ,00 1.35 1.802.60 092 .03 1, 21 

19 1. 123.1,00,0:: 140 . 26 1. 700/l( 6 .025.327,90 11 .t, 21.869 , S0 

226.31 1 ., 2or1. lú6.085.6 10P 7 .134 .6~0,20 5 . 235. 990,20 

223 .813.300)) 164 . 266.~20/l 7.056.535,10 5. 178 .631 .80 

93.099 . 6)0,0( 68 . )24. 420 ,0( 2.9)5 .0'5 J ( 2 15).985, 50 

777. 2116 . 930, 0íl 570 . 405.580/l( 2G .503.)7 1.00 17. 982.52 1, 00 

CO NS IOERED DATA : (Actual data: .,prll / 87) 

Oi 1 OFG C7. $ J . 2 10 ,00 

f let ric Power C7.S 698 ,00 

o:, 
1-' 



TABLE VI - TYPICAL CHEMICAL ANALYSES OF THE DQ A~D WQ COKE 

CHEHICAL ANALYSIS e. o. Q. C.W.Q. 

A S H 9,60 9,60 

VOLATILE MATTER O,S2 O,S6 

S U L P H U R O ,61 0,61 

FIXED CARBON 89,87 89,83 

(D 

"' 




