
279 

Qualitv of Blast-Furnace Coke 

Produced in Wide Qven Charrt>ers 

by 

Dr . G. Juranek 

Dr. E. Falk 

Ruhrkohle AG, Essen 

Read at the 1st Internat ional Meeting on 
Coai and Coke APPlied to Iron Making Conference 
Rio de Janeiro, August 1987 



280 

Short Abstract 

Sinc e 1985, Ruhrkohle AG has been operating coke ovens with a 

chamber width of 590 mm . The operational experiences revealed 

that a high coal charge bulk density and coking times which are 

shorter than previously supposed made it possible to virtually 

setoff the loss of performance associated with wide oven 

chambers. The wide oven chamber allows for producing good 

blast-furnace coke from charge coal blends contain i ng 50 % and 

more of marginal coking coals (high-volatile and l ow - volatile 

coal). An aspect deserving special emphasis is the easy oven 

push even if the charge coals contain just 23 . 5 % (wf) volatile 

matters. 

In contrast with previous expectati o ns, wharf coke from wide 

o ven chambers is not greater in gra i n size than coke from standard 

wi dth chambers. It bears the result that the coke grade pattern 

of such a coking plant does not differ from the coke grade pattern 

of coking plants operating ov ens with a commonly usual chamber 

width. 
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In the Federal Republic of Germany, the theoretical bases for 

the design and construction of large high-capacity coke ovens 

have been established (1,2)• within t~e scope of the advanced 

development and modernization of cokemaking technology. The 

first projects have been realized and put on stream (Table 1 ). 

Operational experience substantiated results of tests run in 

the 70s and it revealed that the loss of performance entailed 

by a wider oven chamber was judged much too unfavourably (the 

exponent n in conversion of coking times ranges at 1 .20 rather 

than at 1.5 as supposed previously). 

Along with the findings that the charge bulk density in wide 

oven chambers inc~eases, it leads to an economic setoff in the 

relation between performance loss and productivity rise in 

coke production in wide oven chambers. 

Generally, oven pushes are considered easier on account of the 

greater shrinkage of coal charge, a feature which certainly 

will bear positively on coke oven service life. 

As a result of the substantially reduced number of coke ovens 

at the sarne given capacity, a remarkable decrease in environ

mental pollution could be noticed around these wide oven 

batteries. 

•) Figures in brackets refer to reference list attached. 



282 

Apart from these positive experiences, the question arises 

whether and how the quality of coke produced in high-capacity 

wide coke ovens in the long run differs from the quality of 

coke produced in standard-width coke ovens. 

As Ruhrk oh le AG operates coke ovens being be t ween 410 mm and 

590 mm wide, there were sufficient data available to draw the 

desired comparison. The reference point for this comparison 

should be the results from previous tests for carboniza tion 

in wide oven chambers as well as physical coke properties 

(grain size range , strength) which were determined o n operation 

a t RAG coking plants. 

1. Carbonization Tests to Determine the Raw-Mater ial Basis for 

the New Prosper Coke Plant Construction 

Bergbauforschung GmbH made a lo t of experiment s and tests at 

bench scale level and on their test coke plant with the objective 

to investigate how chamber width influences performance rate, 

oven pushes and coke quality. The results of these tests were 

repo rted on recentl y in certain papers (2). 

Parallel to these s tudies, selective tests we r e run from 1981 

till 1983 on coals forming the raw-material bas i s for the new 

Pr osper coke plant which led to the follow i ng findings in 

comparison with a carbo nization in standard-width coke oven 

chambers: 

- Charge bulk density increases with chamber width. 

- A charge coal blend for wide coke ovens may contain abt. 

15 % high-volatile (gas flame) coals and just limited portions 
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o f low-volatile coal (10 %) and/or coke breeze (3 %). 

- Charge coal shrinkage is abt. 4 % (abs.) greater, ovens are 

easier to push. 

- Fo llowing the stabilization which is common prac tice in 

screening facilitie s , coke contains ab t . 25 % of the fraction 

> 80 mm , and abt. 5 % of the fraction 25 - 40 mm . (Fig. 

The coke strength index M 40 is abt. 2 perc e ntage points 

higher than it is for coke produced in standard-width coke 

ovens. Coke abrasion is not affected by chamber width . 

2 . Range of Coals for RAG Coke Plants 

Co kemaking charac teristics of charge coal blend s fro m RAG 

co king plants are summar i zed on Table 2 whic h makes possible to 

cl a ssify coke plants into two groups : 

a) Coke plants with charge coal blends featuring good coking 

properties (coke plant 2 ,4,5,6). 

b) Coke plants the c harge c oal bl e nds of whi c h f eat ure ex c essive 

coking property (coke plants 1 , 3 and 7 thru 10) . 

The Prosper coke oven plant where high-capa c it y larg e -volume 

c o ke ovens are in operation, belongs to gr o up (a ) . The c omparison 

to be presented below will cover this group o f cok e oven plants 

wh e n it matters to rule out and disregard th e influe nc e o f raw

material basis on cok e properties. The comparison will also in

clude for group {bl coke plants when it matters t o highlight 

the influence of charge coal properties on coke quality. 
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3. Charge Coal Blends of Prosper Coke Oven · Plant 

The charge coal blend of the new Prosper cok e oven plant normally 

c omprises 4 components, the properties of whi c h are summarized 

on Table 3. The components are equally distributed and spread 

i n layers on the c oal homogenization st ockyard w1t h a c apacity 

o f abt. 55,000 tons adequate to meet 1 week's demand each (Fig. 2). 

On reclaiming the entire stoc kyard cross-s e ct ion, a c harge coal 

blend is obtained which can be considered ver y uniform (7 ) . 

Standard deviations for the mo s t signi f i c ant p r ope rties of the 

charge coal blend range within the f ollowing o rder s o f magnitude: 

Pt s 

Water + 0.2 5 u p to 0 . 4 

Ash + O. 1 5 up to 0.25 

Volatile Matters + 0.2 5 up to 0.4 

Grain Size < 2 mm + 1 up to 2 

< 0. 5 mm + 1 u p t o 2 

Upon rea c hing the intended operation time , it c o ul d be f ound 

that the charge shr i nkage account ed f o r abt. 10 % wit h t he 

achi e v e d high bulk den s it y a mounting to approx. 8 90 kg / m'. With 

oven pushes giving no c ause for c o ncernas repo r t e d previously 

by other auth o rs (5,6), the d e c ision wa s taken to gr adually in

crease the portion of low- volatile coals i n the c h a r g e coal 

blend (Fig. 3). Pr e sently , as shown on Fig . 4, a c ha r ge c o al blend 

is used which contains abt. 18 % high- volatile coal and 3 5 % 

low-volatile coal , and hence is far away from the desirable 
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opti mum if conventional criteria are taken as yardstick. This 

blend does not c ome within the range of charge coal blends which 

is considered optimal by Miyazu and Simonis . 

This measure has led to the unexpected finding that oven pushes 

and co ke q ua lity remain invariable if ch arge coal blend s con

taini ng extremely high portions of low-volat ile coals are used 

and if c harge shrinkage decreases to 7 %. This feat ure can be 

considered th e result of a higher charge bulk density anda 

lesser mean coking rate. The reduced conten t of volati le matters 

i n the charge coal bl e nd and the high c harge bulk d e nsity bear 

a posi ti ve in f luence o n productivity of coke oven s . 

4. Wharf Coke 

Planni ng of the Pr osper coke plant was bas ed on t he unders tanding 

tha t coke f r om wid e oven c hambers would b e coarser i n g rain 

s ize t han coke from narrow oven chambers . Fo r this reason, the 

screening plant was e quipped with primary screens a nd spiked 

r olle r crushers of a bigger than n o rma l capacity (Fig. 5 ) . 

The testing of wh arf co k e made upon c o mmissi o ning of Prosper 

c o ke plant brough t two si gn if icant findings: 

a) Coke from wid e oven chambers showed no evidenc e of the i nter

dependence between heating flue temperature and coke grain 

size range (coke strength characteristics) dur i ng heating-

u p phase wh ich was found to not o riously occur o n plants with 

a lesser chamber width (Fig. 6). 
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b) The grain size of wharf coke from wide oven chambers hardly 

differs from the grain size range of wharf coke from other RAG 

coke plants with standard-width coke oven chambers (Fig. 7). 

5. Blast-Furnace Coke 

Wharf coke is handled differently on every coke oven plant . The 

number of conveyor belt transfer points, heights of fall,type 

and intensity of screenings, separation and crushing of oversize 

grains bear an influence on: 

- grain size range of blast-furnace coke and yield of coke 

smalls 0-25 mm 

- coke strength. 

Comparative evaluations of coke quality from coke plant to coke 

plant therefore must be established with consideration for local, 

prevailing conditions in screening plants and even then, the 

results cannot be utilized or adopted without reservation. 

5.1 Grain Size Range of Blast-Furnace Coke from Prosper Cokinq Plant 

The grain size range of blast-furnace coke from the Prosper 

coking plant shown on Fig. 8 covering 2 time perioàs (January -

June 1986 abt. 15 % low-volatile coal; October 1986 - February 

1987 abt. 30 % low-volatile coal) is summarized to one average 

value each. 

Fig. 8 shows that the doubling of the low-volatile coal portion 

in carbonization in wide oven chambers merely involved a slight 
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va riation in the grain size range of blast-furnace coke. This 

proves to be in perfect compliance with the results of 

previous tests run by Bergbauforschun9 (Fig. 1 ). 

The grain size range of blast-furnace coke does not differ 

from the grain size range of No. 5 coke plant coke (494 mm 

chamber width) wh ere oversize grains + 80 mm are crus hed as well. 

Blast-furnace coke from No . 7 coke plant is coarser in size 

with a similar raw-material basis despi t e a ch amber width of 

just 450 mm. because the grain size + 80 mm is not crushed there . 

5.2 Blast-Furnace Coke Yield 

The careful crushing of the fraction + 80 mm yields coke 25 - 80 mm 

but also O - 25 mm coke smalls. Hence it is quite interesting to 

draw a comparison between coke grades ob tained on various RAG 

coke plants (Fig. 9). 

On the basis of balancing computations to v ar y the portions of 

various grain size fractions. it is possible to verify the 

crus hing effect of spiked roller crushers on two coke plants of 

ours (Fig. 10). It does not reveal either any difference in coke 

grades obtained on crushing of coke produced in differently 

wide coke oven chambers. 

Despite a crushing of oversize coke grain s + 8 0 mm. the Prosper 

coke oven plant does not produce more grain s sized O - 25 mm 

than other RAG coking works. 

5.3 Coke Strength 

As there obviously exists a cor relation between M 40 index and 

grain size range of the coke sample put into a drum (8.9), RAG 
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1n co-operation with German metallurgical works in 1984 

decided to apply the following method for blast-furnace coke 

quality determinations: 

50 kg of coke with the gra i n size range supplied to the metallurgic

al work s will be put into the Mi cum test drum. After i00 revolu

tio n s, the screen analysis of coke is carried out (Fig . 11 ). 

By drawing a comparison between the portion of v ar ious fractio ns 

b efore and after the drum test, the tendenc y to decompose of 

single fractions is then evaluated (degree of stabilization ). 

Th e degree of stabilization of coke from th e Prosper coking 

works will be compared in Table 4 with the degree of stabi lization 

of blast-furnace coke from other RAG coking plants. 

These figures indicate that upon 100 revolutions which in fact 

are made to simu late th e mechanical stresses during coke passage 

through a blast-fur nace 

approx. 84 % of the grain size > 40 mm (N 40/V 40 x 100) 

approx. 93 % of the grain size > 25 mm (N 25/V 2 5 x 100) 

remain unchanged . 

Under mechanical stress, little grain size 25 - 40 mm (7.2 %) 

is obtained and the coke features unusually l ow N 10 abrasion 

indices (5.6 %). Hence, the coke from the Prosper p lant, d espite 

its unusual coal blends, judged by its strength indi c es can be 

considered equal to the coke from those RAG coking plants which 

use coals with exc e ssive coking property (cok e plant 7 thru 10 

(Table 2)). 
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6. Summary 

The evaluation of operational results from the Prosper coke plant 

judg ed b y its physical coke properties indi c ates that a wide oven 

chamber with the sarne specific performance o ffer s unexpected 

opportunities to broaden the range of coals for c a rboniz at ion. 

The maximum por tion of low-volatile coa l a ccounting for 10 % as 

determined in prev i ous tests could be stepped up t o 35 % without 

involving any deteri o ration for oven opera tion or coke properties. 

The coal charge blend carbonized in wide o ven c hambers therefore 

can con tain approx. 50 % marginal coking c oals ( 35 % low-volatile 

a nd 18 % high- vo latile coals) which i s considered as being a 

special flexibility for coal c arbonizati o n viewed fr o m the raw

material basis . It is safe to assume that t h o s e notor iou s 

problems with heavy pushes known from narro w oven chambers will 

not occur in a wide oven chamber as a resu l t of the higher 

shrinkage of the coal charg e . 

Whar f coke from wide ov en c hambers i s not greater in gra i n size 

than coke from st and ard-w idt h cok e ovens. This is probably 

attr ibut able to the evo lu tionary mechanism of c r oss fissures 

and cracks i n co k e ca ke. Blast - furnace coke l o aded for transport

ati o n upon b eing stabili zed s h ows a nar r ow g ra i n siz e ra nge and 

is characterised with a very good strength index ( litt le 

tendency to decompose). An aspect deser ving special emphasis 

is the very high structural st rength of coke (low abrasion index 

N 1 O) obtaine_d from this c harge coal ble nd ( 30 % and mo re low

volatile coal). Futur e stud i e s will ha ve to c l a ri fy wheth er it 

i~ caused by a second ar y conditioning e f fect involved by a 

greate r bulk densit y and th e somewhat lesse r coking rates. 
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Coke Plants in the Federal Republic of Germany 

where Large-Scale Hiqh-Capaclty Coke Ovens are ln Operation 

Coke Plant (3, 4, 5) 

Mannesmann 
1 

R A G 
1 

Huckingen 
1 

Prosper/Bottrop 
1 

Corrrnissiontng Jan. 1985 1 September 1985 1 

Number of Ovens 1110 1 100 (150) 1 

Oven Dimensions <hotl 1 1 ---------------------
Length rrrn 18.000 

1 
15.600 

1 
Heigth mm 7.850 7. 100 
Width mm 550 

1 
590 

1 

Effective Volume m' 70 1 62,3 1 

Coai Bulk Density <wetl kg /m' 855 1 860 1 

Coking Time h 22, q 1 24,5 1 

Zentralkokerei 
Saar Dillingen 

April 1984 

90 

16,500 
6.250 

480 

li3,5 

1.130 

19,6 

N 
\~l ,, , 
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Fig. 1 

Gra1n Size Range and Strength of Coke fr001 Test Carbonizations 
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Coking Properties of Coai Bl ends from RAG Coking Plants 

Coke 0ven Plants 
Reference Figures 

1 1 2 1 3 1 4 1 5 1 5 1 

Volatiles (d) % 27,0 1 23,5 1 25,0 1 25,0 1 25,0 1 23,0 1 

Volatiles Cdaf ) % 29,0 1 25,2 1 27,0 1 27,0 1 28,0 1 25,0 1 

Swelling Index 8 \ 1 7 1 8 1 
7 ,,, 

1 7 1 
7 ,,, 

1 

Dilatation % 100 1 31 1 85 1 34 1 15 1 43 1 

G-Index L059 1 1,009 1 L050 1 L 01 5 1 0,975 1 L025 1 

max.F luidity DDPM 900 1 200 1 590 1 325 1 35 1 9q 1 

1 1 1 1 1 1 
Macerai Grouo Analysi s 

1 1 1 1 1 1 

Vitrinite % 74 1 69 1 71 1 67 1 54 1 78 1 

Exlnite % 5 1 5 1 3 1 5 1 7 1 5 1 

Inertinite % 15 1 21 1 21 1 23 1 21 1 12 1 

Minerais % 5 1 5 1 5 1 5 1 8 1 5 1 

Mean random % LlO 1 L32 1 L25 1 L 21 1 L21 1 L 32 1 

Reflectance 
± 2 S % 0,35 1 0, 64 1 0,45 1 0,56 1 0,58 1 0,52 1 

7 1 8 1 

25,0 I 24,0 1 

27 ,OI 26,0 1 

8 \ 1 8 l-, 1 

205 1 144 1 

1,087 I 1,075 1 

590 1 400 1 

1 1 

1 1 

75 1 77 1 

5 1 2 1 

ll! 1 11.1 1 

5 1 7 1 

Ll5 1 L25 1 

0,11 1 0,21 1 

9 1 

25,0 1 

27,0 1 

8 \ 1 

158 1 

L071l 

463 1 

1 

1 

73 1 

5 1 

17 1 

5 1 

Ll9 1 

O, 18 1 

10 

25,0 

27,0 

8 \ 

195 

L083 

550 

74 

5 

18 

3 

L 21 

0,11 

..... 
a, 
r:::T 

N 



Components of Coal Blend from Prosper Coking Coal 

1 1 1 1 

1 Volati les 1 Dilatation 1 max.Fluid!ty 1 Rm ± Stand.Dev. 
1 1 1 1 

1 
Cdaf) 

1 1 1 

1 1 % 1 DDPM 1 % 

1 1 1 1 

1 1 1 1 

1 1 1 1 

Gas Coal <KK I) 1 35 - 36 1 30 - 40 1 200 1 0,87 ± 0,17 
1 1 1 1 

Low volatile Coal 
1 

16 - 17 
1 1 1 

1 1 
- 9 

1 
2 

1 
1,6 ± 0,42 

1 1 1 1 

Medium volatile 1 25 - 26 1 135 1 1.100 1 L2 ± 0,17 

Coal <KK III) 1 1 1 1 

1 1 1 1 

1 1 1 1 

Medium volatile 1 27 - 28 1 170 1 1.700 1 L15 ± 0,23 
1 1 1 1 

Coal (KK II) 
1 1 1 1 

1 1 1 1 
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Fig. 2 

Coking Coai Transportation to the Blending Stock yard 
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COKING PROPERTIES OF COAL BLEND 
COKING PLANT PROSPER 

fluidity, DDPM 

x_ P'(, ,xi. 
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Fig, 4a 
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COKING PROPERTIES OF COAL BLEND 

COKING PLANT PROSPER 

G - number 
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Fig . 4b 
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COKING PROPERTIES OF COAL BLEND 

COKING PLANT PROSPER 
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Fig. 4c 
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Fig, 6 

Interdependence of Wharf Coke Size and Operation Time CHeating Flure T€!1Verature) 
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Fig . 7 

Gr ain Size Range of Wharf Coke for Coke Oven Batteries with Di fferent Chartier Widths 
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Grat n Size CooPosltton of B. F. Coke fr001 vartous RAG Coke Oven Plants 
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Coke Plant Prosper 

Chamber Width rrrn 590 

Coking Rate rrrn/h 12,0 

Grain Size: % 

> 25 ITITI 

10 - 25 rrrn 
< 10 rrrn 

90, 1 

q,2 

5,7 
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Coke Grades on Various RAG Coke Plants 
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Crush1ng of Coke > 80 JT1TI in Spiked Roller Crushers 

Coke Plan t 5 

L9% 7,5% 44,2% 

00 

59,8% 5,IJ 

llharf 
Coke 

Sp I ked 
Rol ler 
Crusher 

Total 
Coke 

> 80 ITlTI 

40 - 80 rrm 

25 - 40 rrrn 

< 25 rrrn 

~ 
~ 

Crush ing of 1 000 kg Wharf Coke > 80 rrrn Yields : 
- 470 kg Coke 40 - 80 rrrn 

- 290 kg Coke 25 - 40 rrrn 

- 240 kg Coke > 25 ITTTI 

Coke Pl ~nt Prosper 

00 

5L8% 

Fig . 10 
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Fig. 11 

Method APPli ed by ~ A G for Descriptlon of Coke Strength 

Sc reen ing before Drum Tes t 
( V l 

Gr a1 n S1z2 : 
> 100 r.rn 

80 - 100 rrrn 

60 - 80 rrrn 

40 - 60 rrrn 

25 - 40 rrrn 

O - 25 rrrn 

% 

-- 2,3 -
9,2 

24 , 4 

43, 1 

18,0 

N 40 

M l e u m 

--·-·-·-·---) 
D r u m 

100 V 

Screening after DrlJll Test 
C N l 

Gra in Size: 

> 80 rrm 

60 - 80 rrm 

40 - 60 rrm 

25 - 40 rrm 

10 - 25 rrm 
0- l• rrm 

'f 

4, 5 · 

15,5 

43, 2 

27, 9 

i- -- 3, 6 __ 
5, 3 

V 40 X 100 = 80,1% N 25-40 - V 25-40 = 9, 9% 

N 10 = 5,3% 
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Strength Characteristics of B.F . Coke produced on RAG Pl ant~ 

Ja11uary - June 198Ei 

Prosper* 1 1 1 3 1 4 1 5 1 5* 1 

% 

V 40 81,0 1 85,0 1 84,4 1 8Ei,9 1 84 , 2 1 79 ,0 1 

V 25 - 40 lEi, 9 1 12,9 1 13,Ei 1 10, 9 1 14,0 1 17,8 1 

V 25 97,9 1 97,9 1 98,0 1 97,8 1 98,2 1 %,8 1 

1 1 1 1 1 1 
1 1 1 1 1 

N 40 Ei7,2 1 Ei Ei ,2 1 EiO, l 1 53,3 1 Ei2, 1 1 EiL2 1 

N 25 - 40 24, 1 1 24, 2 1 29,Ei 1 25 , 2 1 2Ei,5 1 28 ,3 1 

N 25 91,3 1 90,4 1 89,7 1 88,5 1 88,Ei 1 89,5 1 

N 10 5,Ei 1 5,7 1 5,5 1 Ei, 2 1 G,5 1 Ei,3 1 

1 1 1 1 1 

1 ' 1 1 ' 
N 40 / V 40 X 100 82,9 1 77 ,9 1 7L 2 1 72,8 1 73, 7 1 77 , 5 1 

N 25 / V 25 X 100 93 ,2 1 92,3 1 91,5 1 90 ,5 1 90,2 1 92 ,11 1 

N 25-40/V 25-40 7, 2 1 1L3 1 16,0 1 14,3 1 12,5 1 10, 5 1 
X 100 

N 10 5,6 1 5,7 1 5,5 1 5,2 1 5,5 1 6,3 1 

*) not greater than 80 rrm 

8 1 Ei 1 9 

93,9 1 95,Ei 1 92, 11 

4,8 1 3,4 1 Ei, 1 

98.7 1 99,0 1 98,5 
1 1 
1 1 

77 ,8 1 80,2 1 77,2 

14,1 1 11,5 1 14 ,8 

91,9 1 91,7 1 92,0 

5,5 1 5,5 1 6,4 
1 1 

' 
82,8 1 83,8 1 83,5 

93,1 1 81L 6 1 811, 7 

9,3 1 8,] 1 8,7 

5,5 1 5,5 1 6, 4 




