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Iofluen::e of CDQ-cok:e produced fran 1ow guality coal blerx:! 

1. Introcluctioo 

on blast furnace otleration 

Hi.demi Akizuki, Makóto Yamazaki 

Hirobumi Nishimira, Shizuki Kasaoka 

Kiyani Terazoco 
(awasald Steel CorPOration.Japan 

Io receot yean io Japan, C!JQ(Coke Dry Q.Jetx:hing) planes have 

p'revailed. About 70% coice is dry queor:hed · using 3 C!lQ equipIEnts at 

Mizushima Works • . Toe benefits of cbQ are oot ocly sensible heat 

recovery ·of bot: t:oke· butc 'also ·ttle impxovem!ut ·of coke so:ength. There 

have beeo severa! discussiocs oo the mechaoism of the improveuent io 

coke strength imd blast furnace(BF) operating resulti! 
2 

But there is oot 

any repores oo the influea::e of C!lQ coke produced frcm low quality coal 

bleoding con or slightly caking coal. It is asSUDed that the rea.soa is 

not only for the risk of BF operatioo but also the difficulty of the 

precise estimatioo of noc or slightly cakiog coal quality. Furthermre 

it seems that the drum strength DI~ is insufficient to esti mate CllQ 

coke because cracks io coice are stabilized io cr.Q. These problems are 

discussed aod the BF operating results with 1ow quality coal blended CllQ 
coke are described in this paper. 

2. Canoarison of coice strength betweeo wet and CilQ coice 

Toe canparison of the coice strength is srowa in Fig. 1. C!lQ coice 

·strength •·is-generaily larger- tha:n wet coice strength. As for the 

crushing strength, DI:. 1 the differetce between CllQ and wet coke 

becanes smaller after coice transportation pi:ocess, however, the 
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difference becomes slightly larger for the abrasion strength , TI:"". Toe 

rela tionship between CDQ coke strength and wet coke strength for DI~and 

TI:"" is shown in Fig. 2. Toe lower 01:: , the larger the influence of 

strength improveaent, though TI:"" is not affected by the strength level. 

It is considered that DI:: of CDQ coke apparently becomes high 

because cracks in coke are spli t descend ing in CDQ chamber. Toe 

difference between wet and ·CDQ coke DI:' at BF coke bins is narrower 

because wet coke also is stabilized a f ter coke transportation process . 

Furthemcre, the influence would be small if DI were high at wharfs. 

911>-~ 

~94,.. 
0 o a:a a>lie 

• Wet coq 
92'" 

as 

a2 

Fig. 1 Ccmparison of coke 

strength beti.1een coke wharf 

and BF bunker 

/ 

_: 95 
~ // 86 ... 

e ... i g 94 / , · es .:: / n .. Tl:°° / e 
- 93 84 o ~= / " i 
Õ 92 / 

83 
. 

/ 
/ 

92 93 94 95 Dlf, rt.J _ 

83 84 85 66 Tl~(•t.J 
WET cok• 

Fig. 2 Canpari son of coke strength 
between CDQ anel \olE'I' coke 

Toe size of CDQ coke at lolharfs is fine canpared t o wet coke , 

ho.aever, the d i stribution at BF coke bins i s similar for both coke as 

shown in Fig. 3 . It proves the above-,;,ensioned descr iption . 

To examine the fine structure defect in coke matr ix, the tensile 

strength was calculated by the compressive strength tese using 10 rnn 

disk samples. Toe results of the tensile strength distribution are 

shown in Fig. 4. It can be considered that · the gradual quenching in CDQ 
cllBl!ber decreases fine structure defects in coke matrix and the abrasion 

strength, TI:"" . , consequently improves. 
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As shown in Fig. 5, the reaccivity ,: .. 
r . 

anel the serength after reaction 
.. . are ~ • 

generally improved for CIXl coke. • • . 
We eried degrading the coal blend 

45 
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Fig . 5 Relaeion of serength 
after reaccion to reaceivity 

3. Production of 1ow TI:"° ctQ coke 

3.1 Eseimation of oon or slightly caking coal 

Toe maxim.n fluidity measured by Gieseler plastaneter(MF: log ddpn) 

is prevailed as the estimation of coal caking property. As shown in 

Fig. 6, tensile strength of semi-coke(ó"T) is well correlated with HF 

calculation of coal blend. It is considered that Gieseler plast:aneter 

is an ezcellent apparatus for the· daily blending control. Semi-coke 

was measured by the apparatus shown in Fig. 7. Toe sample was prepared 

in blending 70% tese coal and 30% lbrlgei anthracite coal(ash 8.4%, VM 

5.2%), and the disk specinen(Sam thiclcness) of semi-coke was measured by 

ind irect tenaile tese. 
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Fig. 7 Carbonization apparatus for semi-coke 

To degrade bleooed coal qual i ty for CIX1 coke, the bleooing ratio of 

non or slightly caking coal was increased in view of sav ing costs. 

Therefore it is essencial to decide how to estirnate MF of non o r 

slightly caking coal. SCtIJe kioos of coal cannot be measured by Gieseler 

plastCtIJeter because of non-caking, anel the precision is insufficient for 

slightly caking coal. To solve the problems, MF is ioo i rectly estimated 

by the above-mentioned semi-coke ·censile strength tese for these coals, 

which means that a part of standard coal(MF=2.3-2.5) is replaced by non 

or slightly caking coal and the semi-coke disk specimen is measured. An 
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example of the results is srown in Fig. 8. As the blerxling ratio of non 

or slight ly caking coal in:reases, 6T decreases linearly . Toe following 

equation for estimating MF is obtained fran Fig. 6 and Fig. 8. 

MF • (6--r. + 34.50 - 100k )/36.99 --{D 

CTr(Kg/cm') 

60 
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Fig. 8 Relation between tensile strength of semi-coke anel 
non or slightly caking coal ratio 

Tab. l Properties of non or slightly caking coal 

-
Co•i Oris l a Ash % V H : T 5 : C S N M F R o i R ,t, 

Peko Austn. l. S. 6 38. 5 0. 67 3. 5 1. i8 o. 65 0.68 0. 73 

l!osklsson Ãu3tn>I. 9. 0 36.1 0. 52 4.0 o. 95 o. 62 o. 64 0.69 

C ; A Austn.l. 9. 4 35. 1 0. 45 3. O -o.ao 0.66 o. 72 o. 74 

il&aoo Austn.l. 10.2 35. 5 O. (• 4. 0 0.73 o. 70 0. 85 o. 70 

Optl-,a S.Atrlc• 10.6 3-(.0 0. 60 1. 5 -1.21 0.67 0. 60 0.68 

Petroleua ÍI.S.A o.• 10. 1 t.56 1.0 -1.20 0.96 

caka 
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Calcula te<l MF by equation (.1) and other properties of non or slightly 

caking coal in this blending operation are shown in Tab. 1. 
Toe parameter ~ in Tab. 1 indicates the factor determining thermal 

stress generated in semi-coke, which is theoretically calculated by 

shrinkage coeffi cient, Young's nodulus and Poisson's rat io of semi-coke. 

Practically ~ -value is estimated by the mean maxi= reflectance of 

v itrinite in oil(Ro) anel contents of total reactives (TR) as shown in 

Fig. 9. 
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Fig . 9 (Ro, TR) function 

3 . 2 cr:g co\<".e production 

At Mizushima Works , 15 to 20 kinds of coal are blended by the yaró 

blending method. CrQ coke was produced by seven groups of blended coal 

ranging of non or slightly caking coal ratio fran 14% t o 30%. Toe 

anxiunt of each group is 56,000 ton coal/ BED ~ 2 BED. Toe target of TI:"" 

was designed to decrease frcm 84.5% to 83.0% by using the TI prediction 

diagram in Fig. 10. 



361 

Coal and coke quali cy results are shown in Tab. 2 and Fig. 11. 

Coke strength TI:"° gradually decreased with the quality degradation of 

blended coal as expected, however, there was not any significant 

deter ioration in DI ~ because of the stabilization effect in CL'Q 
chamber. 

Thus in case of CL'Q coke strength, it is considered that coal 

blending design paying attention to TI:"" is important. 
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Tab . 2 Coal blend qualicy and coke strength 

Coa i blend qua 11 ty Coke s lreng th 

No. f' nF iio TI:" Dl :: 

1 0.991 2.497 1. 044 84.46 95.01 

2 0.986 2.398 J.040 84. 31 94 . 68 

3 0.985 2.362 1.015 83.64 94. 75 

4 0.968 2.375 1.017 83.50 94 .68 

5 0.963 2.338 1.010 83.42 94 . 75 

6 0.974 2.312 · 1.019 83.24 94.60 

7 0. 969 2.250 J. 000 83.00 94 . 66 
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4. Blast furnace operating :results 

Ope:rating results of No.4BF at Mizushima Works duri~g the 

experiaental ope:ration pe:riod in which TI :"" of CTQ coice was degrade-:! are 

shown in Fig. 12:. Productivity was as low as 1.8 t/à/m3 , anel coice rate 

was as high as 510 kg/t in o'Cde:r to supply gas enoogh for gas à=d at 

the Works. CTQ coke mixing rate was about 80% in average, and changed 

in the range of 55% to 100%. TI:"" decreased fran 84.5% to 83.0%. 

In oi:dinary operation, the lowe:r limit starxia'Cds of wec aro CTQ 

coke are 83.0% anel 83.2% respectively, and the average of TI!°" of each 

blending bed i~ conti:olled as 83.6% aod 83.7%, considering the variation 

of TI The:refore, TI:"" at the 7th period was 0.7% below the o'Cdinary 

levei. lDw TI:"" wec coke ofcen criggered fluctuations of BF operation 

like instable buroen descent and variation of pressu:re drop in many 

cases. Toe fluctuations w~re, howeve:r, acceptable and during the 

experiaental operacion periods fran 2nd through 7th there 1o1e:re not much 

difference in _the lower stack pe:cIIEability, silicon content in hoc 

metal, anel standard deviation oi: silicon, except that the slip índex 

in:::reased a lictle. ln other wo'Cds, the :results of experimental 

operation proved that it .;ould be possible to decrease the TI:"" standa'Cd 

by 0.5% if most of coke charged in a BF was CTQ. 
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Fig. 12 Operacing resulcs of Mizc:s ima No. 4BF 
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5. Disc:us s ion 

It is absolutely necessary to consider the differerce bet:ween ClQ 

and wet c:oke properties when ·the influen::e of low grade CDQ coke on BF 

operation is disc:ussed. 'The differerce in hot and cal.d physic:al 

properties were described in the last sectioo. Io this sectioo spedfic 

fhenaI2na observed at high CDQ mixing rate was discussed anel the reasoo 

why the stability of BF operation was perfotm?d with low TI:"' coke was 

also considered. nu:ee t:ypical fhencmena observed are as follows: 

(1) Increase in furnace temperature at upper stack. 

(2) Decrease in lower stack permeabilicy. 

(3) Decrease in fluctuati0t1 of BF operation 

5.1 Increase in furnace temoerature at Utloer stack 

Oiange in the t;emi:erature of CDQ coke is soowo in Fig. 13, compared 

with tha.t of wet-coke·. Toe temperature of CDQ coke is about 250°C at 

CDQ outlet and about: 150°C at BF coke bin out:let throug.1-i the crusher, 

screens and belt conveyors. Whereas the ~rature of wet coke is 

about 30°C at: BF coke bin outlet, the differerce in temperature between 

ClQ and wet coke is about 120°C. As for the cootained .water, those of 

CDQ and wet coke are about 0% and 5% respectively. Therefore the top 

gas temperature increases with CDQ coke mixing rate as showo in Fig. 14. 

Toe increase in top gas temperature due to CDQ coke addition is smaller 

than the value which is calculated on the bases of heat balance, taking 
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account of sensible heat of coke and latent heat of water vaporization 

etc. Tha t is to say, the heat corresponding to the difference in 

sensible arxl latent heat between ~ arxl wet coke would not be consumed 

all as top gas latent heat. So, a part of the heat contributes to raise 

the temperature in a BF. Fig. 15 shows the temperature measured at an 

upper shaft probe. It is installed at 4.Sm below stock level and can 

rneasure gas temperature anel ccxnponents at 6 points from the centre to 

the wall. Toe average values of temperatures at 6 points are shown in 

Fig. 15". The nnre the ~ coke mixing rate, the higher the furnace 

temperature raising speed as shown in the figure. At upper shaft, it is 

well known that sinter is degraded at the temperature ranging fran 400°C 

to 600°C with heat up an::I reduction. Reduction degradation is discussed 

quantitatively by using both a sinter reduction degradation o:odel
3 

and 
. . 4,5 . . l . 

one-d11nens1onal blast furnace model. The decrease m the part1c e s1ze 

by reduction degradation is calculated and the influence of the decrease 

in particle size on BF operàtion is quantitatively discussed fran the 

standpomt of the fluidization índex which is defined by equation @ • 

Fluidization índex= Pressure drop / burden bulk density ® 

Toe large fluidization índex means that the packed structure of 

burden is instable and the burden is easy to be fluid ized. Two typical 

results of sinulation are shown in Figs. 16 ao:l 17. ln case of F ig . 17 
which shows the si.mulation result of higher temperature ra ising speed in 

a BF, the temperature region ranging frcxn 400°C to 600 °C is as short as 

0.6m. In case of lower temperature raising speed, as shown in Fig. 17, 
however, the sane temperature region is as longas l.lm. As a result, 

the particle result after reduction degradation is 6 . 6rrrn in the forme r 

case, while 5.9mn in the latter case. Caupared with the maxirrum 

fluidization irxlex, the former has a smalle r value. In these case, 

Reductión Degradation Index(RDI) of sinter is assumed as 30% . So the 

differences between both would be large i if RDI of sinter was assumed t o 

be higher. 

The reduction degree at &n below stock level is 18% in the forrrer 

case, while 12% in the latter case. 

Therefore an increase in temperature ra1s1ng speed contributes to 

the stable BF operation for both permeability arxl reducibility. In 

other words, an increase in the ~ mixing rate effects on the 

improverrent of pe~ability and reducibility at upper shaft. 
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5.2 Decrease in pei::meabilitv at lower sc.ack 

It is well known that instabl e burtlen descenc(Fig. 16) anà pressure 

variat ion(Fig. 19) occur when coke strength de~eriorates. It i s proved 

by coke sampling at tuyeres (Fig. 20 ) and mathemacical m::xlel s irrulation6 

thac the phenarena is caused by the degradation of coke ac l ower shafc. 

wring the experi=ntal operation , however, there was not significanc 

fluctuation of BF operation though TI :"" decreased unàer high CT:Q mixing 

rate. In Fig . 21, the relation between TI:"" anà pe-:neability resisc.ance 

at lower shaft is illustrated. It is clear thac pemeabil i ty resisc.ance 

i s negacively core laced wi th TI :'° while the influence of TI:"' on 

pe=abílity res is::.ance is small at hígh ~ c~ke mixíng rate. F ig . 22 
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shown t:.he ::eiat:. ion betwee,:i solution l oss caroon and TI:°". Correlation 

becween t:.he!D i s no t clear , h:::,wever , solution loss caroon is low at hi gh 

CTQ coke mixing rate. To Sl.l!IIlErize these analysis , CTQ coke which i s 

exce lle:it in ho t react iv ity and strength af ter reac: i on resu lts in less 

degr aàac:ion at l owe :: shaft than the Sêlre TI wet coke. 

5. J Decrease in flucr:uation of BF orerati on 

F ig. 23 -25 soown the effect of GrQ coke on s::andarà deviati on of 

pres sure drop , gas efficierx:y , an:i silicoo co·oteot in hot ne tal. These 

f igures reveal that the a:ore GrQ coke mixing rate , the a:ore s.:able BF 

operation. It is because the pel:IIEabil icy and the reducibil ity are 

improved at lower and upper shaft by mi xing a:ore GrQ coke nenti oned in 

5--1 and 2. Thus stable BF operation can be kept in spi te o f the 

decrease in TI:"" for GrQ coke by 0 .5% blending low quali ty cheap coa l. 
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6. Cone lus ion 

Influen:e of CTQ coke produced frcm low quali cy coal ble,:id 011 the 

blasc furnace was investigated at KSC's Mizushima Works . As a result, 

ic would be possible to decrease the TI:"" standard by 0 .57. if =st of 

coke charged in a blast furnace was CTQ and produc tivi ty required was as 

low as 1.8 t/d/m3. Toe reason are as follows: 

1) An increase _in the crQ--coke mixing rate effec~s on the 

improveirent of pemeability an:i reducibil ity ac the upper 

shaft. 

2) ~oke, i.hich is excellent in hot reaccivicy and scrength 

after reaction, results in less degradacion ac lower shaft than 

the sarne TI:"" wet coke. 

Based on these observations, the cos e -o f coal has been reduced by 

the increase in the blending 'rate of low cr-u,licy coal. 
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