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NEW TR END S I N BLAST FURNACE COK E CHARACTER JZATl ON 

by D. VOGT'- J .M. DUCHENE * - J.M. STE I LE R ** - C. THIRION ... 
present ed by C. MELTZHElM * ** 

SUMMA RY 

The reg u l a r \t y and g o o d wo r k ing a rder o f th e bl ast [ u rnac e ar e 
d e ce r mi ned by to t al c on t r ol o f t h e pe r mea bi li t y of th e burd e n . ln t hi. s respec t , 
s i ze a naly s is of t he c oke c onsti t ut e s an e sse n c i al f a c t o r. Ne~ info r ma tion 
co nce r ning i ts beh avior in t he b l ast furn ac e h as b e e n ded u c e d by d i r ect 
o bse rva ti ons u sini bla s t fu r na c e di sse c t ions a nd probe s . ln this pe r s pect i ve, 
p ro bing equipme n t th r oug h the t uyeres ha s r e c e n t l y be e n i ns t a]led a r SOLMER with 
the coll a bo ra tion o f I RS I D. The c oke i s su bj ected t o i nce nse gr anu lomet r i c 
degrada tio n be twee n the t hroa t a nd t he t uye r es . This det e r io rat ion can no t be 
ent i rely predic t ed by c o nvention al c old tes ting techni ques ; in f a c t , it a l so 
depend s o n t he ther mal and c he mi cal hi story o f the cok e ln t he blast fu rn a c e a s 
well as t he s t r es s t o wh ich i t i s su bj e c ted . 

The pur pose o f thi s s cud y is to a nalyze t he diffe ren t a s pec ts of th e 
c oke' s physic o- c he rnic a l b ehavio r i n r ela tio n t o t hc p r oduct i on par amete r s such 
as the natu r e o f ch e bl end s a nd che c a r boni zat i on condition s . 

An e xa minat i on of cokes p rod uc ed i n a p i lo t ove n u si ng bl ends whi c h 
c o ve r a wi d e r ange of r a nks has all owe d u s t o quan t i fy the binary in te rac t ions 
between the c oals duri ng carboniza tt on a nd t o de mon s t rat e t he in f lue nc e of the 
phy s ico- chemical ch arac t e r is t ics o f t he se c okes . 

Th ese c h arac t er i s t ic s h a ve been e valu at e d b~ dif fe r e n t la bora t o r y t e s ts , 
cspeci a l l y c he gasi f ic at i o n te s t devc l oped by t he " Ce nt r e de Py r olyse de 
!-!ARl E.N AU" a nd 1R S 1D , which si mu alt e s t he bl ast fu rn ace .. A q uan t i t a t i vc 
mo rp hol o p;ic~ l cha ra c cerizat i on of t he cok e c ar bon p h ?. se of t hP t l·x t u r es 
(an i sot rop hy) ha s bee n c ar r i e d out us i n~ a tex ture ana ly zer . 

The essen ti a l pa rame ters wh ich go ve r n t he behavi or of t he coke du r in~ 
gasific a t ion h ave been speci fled : 

- the c oa l r r1nk 1,,,•hi c h, al ong wt.ch che c a r bon i za t i o:1 c ond jti o ns , 
de t ermi nes t he coke t e xt u re , 

- the mi nera l ORY o f the a s hes ( ba s i c i ty , a l k a li nes , et c . ) wh i ch 
i n flu e nc e t he k ine tics o f tl1 e C02 ga5ifirat ion . 

- the c h a ra cte r i s t i cs o f t l1e po r o us net wor~ . 

(•) "Centre de Pyrolyse de HARlEll-'U" 
( U) IRSID - "Institut de Recherche de la Sidérurgi e" 

( **") SOLHER 
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Thes e parameters werc t aken int 0 a ccotin t i n th e ~~ vel t) n• e ~ t o r methods 
: o :· f o r ,.:c asti n.~ thc coke reactíon rate. 

Wit h in the predictabl e: con tex t o:· great er flu ct u a: iot~s i n the 1 ua lit v o f 
co~l s r ece Lved, thesc techniques o f ant icipating c ok e c h a r ac ce r~~tirs have 
p ro ved t0 bc a usefu l tool for mastering the ouali t ~ of ~he c n~ c c !1arRed i n the 
blast furnace . 

; - l NTRODUCTI ON 

Oi re c t observations concer ning th(' ev o l11ti0r. o f bla s : íur n ~c e c o'.: e 
rh:1 r,1 cte r i.s tics are n o w relatively ~bundant an ~ ap.r~e 1,,,,•ith the r er-u lts of tJH' 
st udie s . 

Two complementar v approach es havc bce n ma de in r ~ce nt yen r ~ 
se c tio nings of quenched blas t fu rn aces ,rn d p r obings wi th inciu :,;, trial appar a tus . 

Th e main cone ri bution o f bla st f urnace s ect ion i ngs , c a r :- i ed ou t 
es peClally in Japan , has been t o pr ovidc ;J ] - dime n s ional pict t.: re of th e inte rna ) 
c ondi tion of the blast fu rn ac e and ooint o ut t ?·e e s sen tial r o l e of the meltin~ 
zone . Observations concerning coke have shown c o n sidc ra ble dei:;radati on of i t s 
ch ar ac t eristic s in the high tempera t tir e zones, espe ci al ly neAr t hc tu y e res, t he 
c e:: ter o f incense thermal, me c hanic a l and c he r.iica l st ress. 

The sam;:>lings u sing coke t ake n from the tuyeres of industrial bl a s t 
f ~ rna c es, ca rried outona large s cale i n Eu r ope be t wee n 19 75 and 1980 . 
con fi r r.:ed the dissecti.on results i. n r e .ca rds to cok e dei,;:::rad ati o n ir t he b ) as t 
f u rnac e , but more importan tly showed that this de g rad at ion c ou}d n 0:: be 
considered independently of the blast furnace op e r at ing cond itions . 

A supplementary ste p in this d ire c tion, a dding t o o u r kn owl ed~e of blast 
furnace hcarth phenomena, has rece nt ly been taken ~it h the i nstal l at ion o( a 
tuye re probing system by IRS in and SOLMER . This proc es s take s coke for sam p ling 
along the radius and up t o th e cent~ r o í th e blast fu rna ce . W~ ~ i ll desc ribe 
c hi s equ ipmen t briefly and t h en p rese n t some t y pi cal r esu ) ts for illu s trati ng 
our aríluments concerning tl1e de~radati on o f coke chara c teristi cs between t l1e 
thro~t and the tuyeres . 

11 . - TUYERE PROBING OF THE SOLMER BLAST FURNACE 
1 . Characteristics of th e ma chi ne 

Th i s ma chi n e was i nst alled at SO LMER at t h e en d of 1984 o n blast 
f•1 r nar(' n• 2 ( production : 6 ,000 t o n :~ pe r dav, hea r th r:liamet e r 11. 2 m\? t é' rs). 
A ,ii agr a m of the ma=hin C' i s provide<l i n fig u r e} . T1..·o di stinc t tvoes of tese s 
a r e c arricd out : 

- when t he blast furnace is shut down , a 300 mm di ame ter c o re bo r i n;.: 
up to the axis, with t h e blo1..· pi.pe and tu ye r e r emove d (fi f! . 2) , 

- with t he blast f u rnace workin g , p r obings ,,,ith a coo led 90 mm di amet e r 
pro b e t hrough th e blow pipe and tuyere up t o th e co r e . Di f fe r ent 
measu r ement ~ can then be be~un ( fig.J) . 
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llp t , , the r,resent time , 
- l l c ok i:- burlngs duri ng h l-ist fu rnacf! c;t orn ages ílnÓ 
- mor (' t han 700 probing s d,1r i n~ or,er;i:ti on 0 f th €' bLtc. t f11rn,1c e . 

have been carr i ed out. 

2 . Main results 

ln the prescnt report, we will t rcat the fo ll o\.Jing fou r aspects 

- sizc anal y sis of thc r. oke 
- mec hani c al strengt h chara c t eris tics 
- r.hcmical compos itl on 
- mic rostruct u re. 

1 . Size analysis ( Fi gur e O ) 

Changes i n si ze anal ys i s c!t s t ri buti on o f the coke ha v ": \-. e en studi ed 
al o ng the radius of the blast furna c:e . Fi rst o f al l , we have nr:>ted an ove r all 
decrease in particle size, the mean si z e s de5cendi n P-' , fo r examp1e , from 
65 mm a t the throat t o app r oximatcl y 40 m~ at the tuvercs . 

Mor cove r , there is a co n s ide rab l c- chang: e i n t he size dis t ribution al o n~ 
t he radi us : at the center of the bl a st fu rn ac e. in the dea d ma n zon e , the coke 
pie ces art2: re l ativel y large ( JS .. ~ > t~O mm) up t o approxi rna t e1 y 1.3 met e r s at 
the tuye re. At this l eve l, the > 40 mm fr a c ~~on pr act ic all y disappea~s and the 
au a ntity o f fjn es < 3 mm increases s ud<len1y up t o near1 y 20 7. (in the O - 10 mm 
f ra c t ion) . Thi..s a ccumulat ion of fin e s at the boc tom o f the tuy eres ' raceuay 
indi c ates t he in te n s ity o f the !tress tha t th e coke is s ub jec t ed t o in t his 
zone . 

2 . Me chanica l strength 

The cold mechanical stren g t h o f the coke, me asu red by th e % > 10 mm 
after 600 drum revolutions (I Drum ) is presented i n function of the position 
a lonr, the rad i us . At th e c e nte r of the b l ast furnace , the co~:e sho,..rs great 
s trength , simi lar t o the va l ue that it had when charged at the throa t. This 
value dec r eases the cl oser one gets to t he tuyeres, re ~chinR its minimum near 
t h e bottom o f the ra ceway ; thi s change is c omp letel y compa ti ble vi th the 

<1 u ant i t y of f i nes menti oned abo ve . 

3 . Che mical comoosition 

l n rega r d s t o it s ~hcmi cal c o mposit i on, th e c0ke ~prearb to b~ 
thorouhh!y c h ang ed after passi ng i n t h e b l ac:;t furnace. The " c r ude " .:~h conte n t 
n f t he cnke ex c eeds 25 % ac c erta i11 points in the r3diu ~ , espe~i~ l l y bey o nd the 
r a ,:C' wav ; a mo r e rre cise examinrtti o n s h o ws , however , th ~ t t hi s in cre ,1 s c- ln ash 
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cont e nt is , f o r a la r ge p a rt, duet o th e penetr ,1: ior. ur s L1 J: ari c: Pir i r on ir. th e 
peri ph ..:.•ry o f the pi eces of c o-...e . h cor.tj) lete cal cul..it i ,rn nf t b,:, <li ff t?r r> nt. 
subsl;i 1;-:1~ s and o f t he "rea l " coke asr. c o n t ent , i . r • • n 0 :: cnu nt i nr, the i n; · t :r> nri? 

of Lhe p i g iro n a nd s la g, s ho ws tha t : h is va l u e 1 ,..,, r.i:--h i s r.cner ally hig h f r tha n 
~t tl1e t ime o f charg in~ , ch a nges very l i tt le a l o ng tl1 e radius . On the o t )1er 
hand , t he c he mi c al const i t u t ion of thc c ok e a s h ch a n~ es r adically be t wee n t h e 
tuye r cs and t he throa t . Th c most spectacul ar re su) t i s thí' cha nge i n the alkali 
c o nt en t o f t he a sh as sh o wn i n f i gu r e 6 . Wit h i n t he dcad n a n zone , t hc a l k a l ines 
ca n be the rnost abund ant co mpo ne nt a fter t he s i l í c a . The ~2 0 conte nt o f the asl, 
is appro x i mat e l y 20 %. Nea r t he t uye res, howe ver, the coke c ontai ns v~ r v little 
a l ka li; in c e r t ain c ases t he r e is even l ess than in the ch a r g i ng coke . This 
chan~e a l ong the r adius points out t he i mp o rta nc e of the alkal i ne c i r culati on 
phe mo ne na , t he a l kalines being gre a tly in f l uen ced by the temp e r atu r e : the zone 
a r ou nd the t uy eres, su bject ed t o hi~h te mp e r a tu res , p r ovide s co nd i t ions which 
a re favo ura ble t o t he c o mpl e te va poriza t i on of t he a lka l ines . 

4 . Hicrostruc t ure 

The l a s t a spec t t o be cons i d e r ed regardi ng t l1e c h anges in the coke 
bet wee n the throat a nd t h e tuy e r es i s pres e nted in fig u re 7. He r e we c an s e e t he 
po r o u s structure of che cok e . The coke po r osi t y va ria t ions be t ween the t h ro at 
and t he t uye r es o f d i ffe r ent Fre nch hlast fu r nac e s have been represented using 
tuy e re coke samples. A g e ne r a ll y l o w r a te o f c h a nge in porosity ha s becn 
o bse rve d ( se veral pe r c entag e points) . lloweve r, t hi s evolution also see ms to 
de p end on t he nature o f the c oke. l n any case , i t d oe s no t t ake the gasification 
o f the c oke i n the blast f urna c e i nt o account I t he a v ~rage rate of whi c h is 
a pp ro x: mately 25 %. 

ln arder to s ummarize thesc d i f fe ren t o bse r vations c oncer ni ng t he 
e vo l u t ion o f cok e l n the bl a s t furnac e 1 t he f o ll owl ng eler.ie nts "'rill be 
consi de r ed ; 

a considera bl e dec r e ase in the av e rag e si ze s betwe e n t he t hroat 
and t he tuye r es, with an impo rt ant c hange a l on,g t he radius : 
• relative ly la r ~ e s i ze s a t t he c enter 
• a i reat quanti t y o f f i nes ne ar the bot t o m of th e r a ce wav . 
mecha nic a l stre11~t h val u es ~hich h ave suffered little e xc e pt in 
the i mmediate vi c i ni t y of t he rac eway . 
cons i dera ble chemica l al t e r a t i on wit l1 a ve r y g r eat enrichme nt in 
alka l ines espec i a ll y in the de ad ma n zo11e . 
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- 3 po r ol1s st ruct t1r~ Rl Lh ~ ç ore or thc p i ec e s s h o~ in~ li t tle 
~i ffe r cnce f r om t l lL' ::t ru <: tu re obs c r ved u p o n c har g i n~ . 

Al l of these r esults point to wa r ds th e str o ng '. nteracti on ..,.,hj c h ex ists 
bctw c!en th e mechanical beha..-i o r o f t he cok e and t he p h y si ca l-c h emi c a1 st r es 5 
t hat i t i s subje c te d t o i n thc hl a st f u rna c e : 

- hi~h temperatu r e 
- parcial gasificat i on 
- reacti vity of t he a lk a li ne s 
Thes e aspects sh ou lrl thu s b e taken in to a c count for che coke 

quali f i ca t ion test s . \Je sh ou. ld also in ve s t i _gate 'now it is pos s ib l e t o obtain 
cok e whi c h resists t hese d ivcrse s t r e s ses, u s ing t h e nr o du c tion pa rameters (coal 
b lend s , cacbonizatlon) . 

I l l. - HEASU REHENT Of S l GNl FICANT Cl!ARACTERI STI CS FOR TH E BLAST fURN ACE 

We ..... ;.11 distinguish b et,_,een threc serie s of mcasureme n t s o f c oke 
c harac teristics : th e me chani c al te sts , the re activit y me asu r emen ts a nd ehe 
text u r~l charac teri stics. 

1. Mechanical teses 

The mechani cal teses conce r n r e s i scance to abrasion an ct f ra g men tation. 
ln thi s re g acd , the MlCUH, IRSl D ar JIS indexe s are now '-'• l l kno.-n . 

2 . Re a c tivity measur e me nt s 

The react i vit y me a sure me nt s h ave become mo re c ommon . Thei r principle and 
consequently the i r operatin p; method s vary .. We \..'l.11 n o \,,, c o mpare the t \JO method s 
which wi ll b e used i n wha t fol l O'w'S : 11 CSR" and " CPH / IRSID" (fig u r e 9 ) . 

The CPH/ IRSI D test is c acd ed out in the foll o.ring wa y : 4 00 grams of 
coke i s heated to 620 t o 1,20 0 · e witb a bl as t furna c e t y pe gas ( 60 % N2, 
10 7. H2, 20 % CO, 10 7. C02) . The te s t s t ops at 2 5 % weight l oss . The 
gasi f i cat i on speed and the g as i f ication threshold tempe rat u r c are then meas ured 
( figure 10) . The Japanese te se use s 200 grams of c oke ma int ai n ed a t 1,1 00 •e 
under 100 7. C02 for 2 h o ur s . Th e r ,1 te o f ~as ! fi c aei on is eh e n measu r ed . The two 
t eses al so differ 1.n ehe mechan i cal strenj!th me :1su r cment a~t er ga sif i c: aei on : 
CP?-! a b r as ion tese ( less th;m 3 mm), J apane se f r a .gmer,t ae i o n t ese (mo r e t han 10 
mrn). 
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3 . Structural characteristics ( figure 8) 

Different methods are used for describing the ce xtu r ~s of cokê . 

Optical microscopy usi ng polarized light and an imagc analyzer me a su r es 
the size and the morpholog:y of the aniso tropic units o[ the cok.e as -..., e ll as i ts 
po rosit y . 

The opticall y isotropic particles can be sturlied using tr2n s rnitted 
electron mi croscopv (Oberlin method ) . The size of the molecula r orientations can 
the n be measured . 

X-ray diffraction provides an average measurement of the size of the 
crysta llite (thickness of line 002, w:idt h of line 100) and of the 

inter -reticular spacing d 
002. 

These three complementary methods allow for descríbing the degre e of 
organization of the aromatic ca rbonaceous matrix of the coke on all s cales. 

~e will thus study the paramete rs which can mo~ ify this texture as well 
as its effects on the qualitative criteria directl y connected t o the operation 
of the blast furnace such as mechanical strength or rea ct i vit y . 

1 V - PARAHETERS CONNECTED TO THE STRUCTURAl CHARACTERIS TICS O, THE COKE 

ln figure n• 12 we can see the relationships be t we en an essencial 
p arameter of the coal blend, the ra nk (rep resented by the Vi trin i ce RefJe c tance, 
Ro ) and the quality criteria such as reactivity and abrasivit y . ln both cases, 
we have a curve with a minimum for the coals : Ro = 1.4 (good coking coal). 

The sarne is true for the texture (figure 13). With electro n mic ros c o py, 
t he ratio of lamella (LMO > 0.2 um) is the maximum for an Ro o f ap proxi matel~• 
1.4. The less sensitive optical microscope shows a 1ninimu~ of i sotropic tex t ure 
for this rank of coal. 

Thi s suggests, on the one hand , that the rank determines t h e essencial 
characceristics of the coke and that it will be possible to modif y the qu a lit y 
of the coke by changing the constituents of the blend an <l , on t l1 e other hand ) 
that thesc characte ri stics can be inter-correlated. 

We have thus studied a coal blcnd for findi ng out t h€' cffec t of an 
inc reased content of low rank coal ha ving a low coki11g valu e o n the 
characte ristics of the coke (figu re 14 ) . The blendin.e. of t wo good c okir.g co~1s 
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:w,.· i r.~ s1 r.li 1 a, ra nks respects the la,.,. of addi t ives I t hc i ncoroorati o n 0 f 
10-.....- fu.sible ( low ra nk ) coal is transl a ted as a positive i.nt e r act ion f o r t he 
r.: oking coa l . 

lt i s also possi ble to mod i f y the c haracteristics of the coke by 
c hanging the carbonization condi tions (figu r e ~S). ln this wa y , resistance t o 
ab r asion after gasification improves for increasing carbonizati on rates: 
?·1o reover, the gas ifi c atio n thresh o ld t emperature increases wi th the de g r ee of 
coke cooking. 

lt seems, then, that the physical- chernical charac ceríst ic s of the coke 
can be chang ed according to th e composition of the coal blend and the 
ca rb oni zat ion . The textures study allows us to follow the parameters linked to 
rank more precisely. 

V. - COKE CHARACTERISTI CS CONNECTED TO REACTIVITY 

1. Coke gasificati on 

ln the blast furnace, t he coke gasification reaction cannot b e 
considered independentl y from the i ro n oxide redu c tion which takes place 
simultaneously ; the Y.inetics of the evolu t ion of these two reactíons are 
di rect ly linked. The r esult, on the average, for the auantit y of cok e gasified 
by C02 is approximately 25 %~ this value being fixed by the availability of the 
oxygen in the iron oxides. 

The global kinetics of the reaction is the consequence o f th e 
co mpetition betwee n a chemical reaction and diffusion in the po r es : a cc ordinr. 
to the nature of the limi ting phenornena, i .e. according t o the temp e r a t u re of 
the reaction (fo r a given coke), the g asificati on r e action can br ing a bout 
radically different consequences fo r the porou s st ruct u r e and t herefo r e , for the 
mechanical st rength. 

Two ext reme cases ar e illustrated in f igure lh. Here we can sce t he 
cha nge in the local gasification rate and th e l ocal mechani ca l strength ( at t he 
sc ale of a piece of coke) for a ~l o ba l gasification va l ue of 25 ~ for t he 
c hemical reaction and for the dif f us ion. The mech ani cal st r e ngth is c ~lculated 
us ing a mo d e l developped by IR SI D which take s t he porous structure into account; 
i t is ex p r essed i n re l ati o n to the in i tial streng th of the non-gasi f í. ed coke. 



ln Lh e chc mic a l r c;~i mc , Lh e l.:ll t ~ r·e pi cce of c okc ! 5 r,as i fi <'d a t th e 
., veraS? c ra t e of 2S % a nd · becomes v e:- y b :- ittl r> rtt t hc core . 1 n r e~,, r dc; t o t hc> 
d iffusion r e~ irne, the rea c ti o n co nt:c r ns the pe rip h·.?ry \,: hi c h is 1;asi [ icd t o mor,, 
t h an C,(J :; and wh i.ch becomc s e x t re m~ l :: b r i t t le . On t h~ otlw r h ;rnd , t hc c ore 
retn i:1s ~h e c h:1rn c teri s tic s o f the init i al p lece. l n the condi t i ons of the bl a st 
fum ace , the s imultancity o f g asi f i c:at ion a nd abr a~ i on ( d u e t o l he des cen t o f 
the burd e n) cau s e s supe rfi c iaJ a brasio~ n f the c o~ e , pr oduc i ~g fines and pieres 
whi c h ha ve reacted only sli g htl y . 

The cok e gas i fied i n c ond i tions o: d i ffu s i on sh ows val u es to later 
s tre s s wh ic h are great e r tha n that of cok e g a s ifi ed i n c hemical conditions . 

This anal y s i s point s ou t two impo rtan t pa r ametcrs for the behavior of 
cok e bec ause they determi.ne t he gasi f i ca t ion condit ions without having any 
r e per c u s s i ons on the mechani c al chara c teristics : 

- the temperature where this reaction be~an ( tempera t u r e at the 
b eginni ng of gas i fication). 

- the intrtnsic reac tivity o f the diffe r ent c arbon t ext ures 
(linked to the coal rank). 

These values are thus to be me aslired and the e ffe c t s o f c ertai n 
di s turb i ng e lements suc h a s the alka l i nes are to be anal y zed . 

2. Oifferential rea c tivitv of the te x tures 

When 25 i. o f the cok e mass i s g a s ifi e d in a rea ctivit y t e s t, the 
proportions of the diffe rent texture s a r e modi fied (figure 17) . l t seems that 
t he relative contents in i ne rt matt e r and i so tr opes de c re a s~ and that the mos a i c 
cont e n t s increas e . l t can t hus be deduc ed th a t t he i nert s and iso tro pe s have 
g ast f i catíon rates whi c h are g r e a t er than the mos aics. 

By takin g the bibliography a s a reference, ~e c a n ex p r ess the 
par ti c ipa t ion of the texture at the spce d of gasificat i on by th e fo llowing 
eq uat ion : 

V e 1.72 % ln+ 1. 33 ., ls o + l 7. Fi b + 0 .98 .• Mos . 
Tex 

3 . The i nfluence o f ash composition 

The accelerating effect of the alkalines on the ~asif ica t i on is well 
known. Especially sensltlve in the bl a st furnace wher e t he y c a use f ragmentatfon 
of th e coke, t he alkalines l1avr n 0t , ne v~rt hcl e ss , hcen co :-rc l~tc>d vc ry c l ear l y 
wit l1 the rcaction specd. 
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Various authors have , on the o ther hand , pr o posed c o rrelations i n 
fu11ction of the basi city of th e a shes ; we wi ll . cit e th e foll o wing equation 
p rorosed b y (1) as an example : 

Fe O + CaO + Mg ó + Na O + K O 
V • r. of a shes x 2 3 2 2 --------- --- -

Bas. AI O + S i O 
2 3 2 

Sy combining this equatlon and the one in function of the texture, we 
have been able to es tablish and then experiment a l l y check t he f ollo~n~ r e lation 
which gi ve s the rate of gasi ficat i on 

V s 0 .26 V 
Tex 

+ O. IS V + o. 24 
Bas . 

G. In f luence of coke degradat ion in the blast fu rnac e 

The differential reactivit y of the textures is translated direc tl y as a 
s t ro ng react i vity o f cokes ri c h in i nerts and isot r ope s . The pre feren cial 
gas i~ication of these textures on the indust r ial scale has been veri f ied . 

This differential rea c tivity wi l l a lso cause mechan i cal behavior which 
is differe nt after gasif.ication, accordi ng t o whether t h e c oke is texturally 
h eterogen eous or homogeneous (fi gure 18 ) . Homogeneous gasification of the 
material should render th e c oke l ess fra~ile. This postulate will have t o be 
che cked. 

VI - CONCLUSION 

Thi s study underlines the import anc e of textural c hara cterisat i o n of t he 
blas t furna c e cokes. A witne ss of th e mean rank of the coal ble nd, of its 
homo~enei ty, the cond i tions of carbonizati on, the text u re is a pa rameter whi eh 
determines the reactivity. Given its influence on h ot mechanical behavior, the 
t ext ure contributes to the permeability of the blast f urn ace and therefo re to 
its g ood wo rking order. 

( 1 ) Fu ji ta, Hijiriyama, Nish i d a - Gasifi cation of optic al textu r es of 
metallur~ical coke - Fuel - 1983 Vo l. 62 P. 875- 879 . 
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EFFORT MAXIMAL 30 tonnes 
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SONDAGE TUYERE HF2 ~~:oc ... ~ 

SONDAGE EN MARCHE 
PROBINCS OURING BF OPERATION 

DIAMETRE SONDE : 90mm 
PROBE DIAMETER 

REFROIDISSEMENT : eau (65 m /h) 
COOLINC W a t ·e r 

EFFORT MAXIMAL : 10 tonnes 
MAXIMUM FORCE 

fNTRODUCTION : 6 m/nez de tuyere 
DEPTH 6 •I tuyere n ose 

- effort d'fntroductlon 
Pushing force 

- préievement- et ana/yse de gaz 
Ga s s a~pllng and analysis 

MESURES 
- température par pyromàtre optique 

Te•perature by means of opt ical pyromcter 

ME AS URES - dépot de matieres radio-actlves 
Depositing ar radl..Õactive nraterlal s 

pour tracage des liquides 
to the tracking ar llquld s 

' - préteyement dp ll'JUldes samp 1ng ar lq ids 

FIGURE 3 
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(VOL U T I ON_E NTRE _ CUEULARD_ET_T UYE RES_DE _LA_P DRO SI TC_ DU_COY. E 

POUR _ D JF FERENTS_CHAROONS_ D ' DR ICIN E . _ POR OSI TE _ M[ S UREC 

PAR _ ANALY SE_D 'IM ACE 

CHAMCE _ OF _ CDKE _ POROSITY_O ET WE E N_ S TOCK_LIME_AND _ TUYERE_LEVEL 

AS _ A_FU MCTIOM _ DF _ THE_MATURE _ OF _ COAL _ OLEND._(PORO S !TY _ FR DM_ IMA CE _ ANA L YS ! ~ ) 
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EUOLUTION ou COKE DANS ' 

E VOLUTION OF COKE PROPERTIES 
_; 

LE HAUT FOURNEAU 
IN THE DLAST FURNAC E 

GRANULOMETRIE 
SIZ E DISTRIBUTI DN 

Taille moyenne U U 
Main siz:e 

% Fines < 3 mm. fr 1l ( cavité) 

RESISTANCE MECANIQUE 
STRENCTH 

Dégradati on fai bl e 
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CONSTITUTION CHIMIQUE 
CHEMISTRY 

Cendres fr ft (pollution) .. 
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CASirICATION COND!TION S - ------------------

CONDITIONS DE GAZEIFICATION 

CPM / IRSID JAPON 

- 620 - 12D0-C + PALIEII - 11DG4C 

- &DY.Nz- 10¼Hz- 20¼CO - 10Y.COz - COz 

- Q • 33 1 / ma - Q • 51/111• 

- 400 1 ( 19 - 21 m111 ) - 20D 1 ( 19 - 21 - i 

Ouratlon: Varlable 
OUREE a YARIABLE DUREE CT • Z H 
TAUX DE GAZEIFICATION • CT • -25% TAUX DE GAZEIFICATIOI • YAltt.UU 
Cas1t1cat1on degree 

.. VITESSE A 12.00-C ( 1 / ma ) .. % GAZEIFIE CRI • IU 
Rate at 12oo•c 

_,. TEMPERATURE DE SEUIL :i; Gaslfie<I 

Thresh o ld t emperature 

HECHANICAL TESTINC 

TESTS MECANIQUES 

- TAMBOUII - CYLINDRE 
Oru • Idru• 

SDI TOUIIS / U MINUTES 600 TOURS / 20 1• 30 MINUTES 
Revolutions Rcvolutlons 

=+ 'Y. < l ••/BRUT % > 9.52 IIIM • CSII - • R~ 

-+ Y. < l•• APIIES GAZ 

FICUIU: 9 
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