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1. Introduc tion 

The conven tional process for making blast-furnace coke requ ires coking coai 

as the principal raw material. The proportion of non-cok ing coa i that can be 

blended wi th coking coa! is not more than 20%, even when pretreatment 

t echniques, such as brique tted coai blending and preheated c oai charging, are 

employed. On the other hand, it is est imated that as much as 70 to 80% of world 

hard coai reserves are non-coking coais, which are generally less costly than coking 

coais . Thus, using la rge r proportions of non-coking coa ! for making blast-furnace 

coke is ex t remely important from the viewpoint of utili z ing the more abu ndant and 

cheape r coa i resource a nd cutting coke production costs. 

The carbonizing equipm ent e mployed for the conventional coke making 

process consists pri marily of a number of ba tc h- type coke oven cha mbers. This 

equipment by nature causes air pollution and poor working environment , the 

prevention of which calls for huge investment. Besides, th e equipment ha rdly 

a llows for basic improvements. Hence , appreci able savings of labor which wou ld 

otherwise be atta inable through automat ion or mechanization are difficult to 

achieve. This accounts for the high ra tio of labor cosi to the total coke produc tion 

cost. Further, coke oven operations are so ionflexible that th cy cannot be eas ily 

adjusted to the fluctuations of demand for coke. 

Th e fori ned coke process is considered th e mos! pro mis ing solution to th e 

above-mentioncd prob!ems invo lved in the making of blast -furnace coke. ln order 

to put a nc wly devised form ed coke process to practical use, it was decided to 

car ry ou t a research and developm en t projcct using a pilo! plant. This research and 

development project was undertaken jointly by [{a wasaki Steel corporation, Kobe 

Stee l, Ltd., Nippon Steel corpora tion and Nippon Kokan K.I{. unde r the sponsorship 

of the Japan Iron nnd Steel Federa t ion. Nippon Steel Corpora t ion is chiefly 

responsib le for t es ts on the pilot plant instelled at its Yawata Works. 

This pape r describes the newly deve loped formed coke proc ess and the results 

o f tests carried out using a pilot plant. 
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2. History of Research and DeveJopment 

lt is we ll known that a variety of forme d coke processes have Jong been 

studied and developed by severa! countriesll,2). Although som e ~f these processes 

hav c been deve loped to such an extent that coke produced by a pilot plant has been 

tes ted in blast fu rnaces, nane has yet been put to praclical use. As shown in Fig.1, 

Japa n has a history o f research on forme d coke processes da ting back to the early 

10950s3l. The briquetting and carbonizing processes hav e been studied ex t ensively. 

With some processes, formed coke obtnined has been tes ted in blast furnaces3l, 4l. 

(F ig. 1) 

Th e newly developed formed coke process currently being developed is based 

on an origi nal process of Nippon Steel. ln this process, cold briquettes are 

cont inuously carbonized in a shaft furnace using a ges as the heeting medium . 

Although the idee of using a sha ft furnece for conlinuous ce rbonization is not new 

(as shown in F ig.2, it is edopted for the majority of the presen t forrned coke 

processes), the new process has severnl innovat ive fea tures as described Je ter . 

(Fig. 2) 

This forrned coke process has been developed based on the results o f research 

end devel op rnent carried on by Nippon Steel s ince the ear ly 1970s5l. The joint 

research on th is process sponsored by lh e Japan Iron and Steel Federe lion wes 

star t ed in 1978. ln lhe fir st year of joint research, study was conduc ted to 

evalua te the process. At th e sarne time, il was decided to promote lhe 

developrn ent of this process using a pilot plant. The aforernentioned four 

stee lmakers shared in experirnents necessary for engineering a pilot pla nt, 

invesliga tions of non-coking coai resources and sarnple tests, resea rch on new 
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briquette binders and new proccss for produci ng char from highly volatile non­

coking coal, etc. Thus, prepara tions for the developmen t of the formed col< e 

process using a pilot plant were carried out. 

The pilot plant construction work was started in May 198 1 and cornplcted in 

December 1983. A series of formed coke production tests using this pilot plant 

carr ied out for three years, from 1984 to 1986 . Formed coke produced by the pilot 

pla nt was tested in a blast furnace in the second half of 1986. The time schedule 

for this research and development project is shown in Fig. 3. 

(Fig. 3) 

3. Description of the process 

3.1 Principie of Carbonizing Process 

Briquettes are produced by the ordinary cold briquetti ng process using coa i 

tar pi tch as th e binder. This process has been already established on an industr ia l 

scale. the ultima te goal of the research and development project was the simplest 

pro cess in which cold briquettes are charged directly lnto a shaft fucnace so that 

they can be carbonized continuously. ln order to rea lize such a process , it is an 

essential that the problem s which are consid ered to occur by the ca rbonizing 

behaviour of cold br ique ttes are solved (see F ig.4). Among others, the collapsing 

and sticking o f briquettes due to t11e softening of the binder in t he ear ly slage of 

carbonization, a nd th e swelling of briquettes· and U1 e bonding of coa ! particles due 

to thc subsequent so ft ening of coal are ex t remely important ite ms to be controlled. 

(Fig. 4) 

Eventually, it was fou nd that these proble ms could be so lved by controlling 

the hea ting rate of briquet te dur ing carbonization. Namely, properly controlling 

the heating rate of briquette according to the change in briquette temperature as 
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shown in F ig.5 is the key to solving the abovementioned problems. Fíg.5 indicates 

tha t in the early stage of carbonization the bríquettes should be heated as rapidly 

as possible and thereafter, the heatíng rate should gradually decreased while 

keeping an appr~pria te range. The reason why rapid heating in the early stege of 

carbonization can preveni briquettes from c)llepsing or sticking is that e semi­

coke layer is rapidly formed on the briquette surface (see Fig.6). 

(Fig. 5) 

(Fig. 6) 

ln order to ensure the heating pattern of briquette shown in Fig.5 during 

carbonization in a shaft furnace, it is necessary to dev ise a special heating method. 

To this end, a method was worked out in which Jow-temperature heating gns and 

high-temperature heating gns are supplied separate ly. As shown in Fig.i, this 

method can not only ensure the opt imum heeting pattern of briquette, but also heat 

the briquettes to l,000ºC in 250 minutes. Thus, the first feature of lhe ne w 

carbonizing process is that briquettes in the shaft furnace are carboniz ed by two­

stage heating, 

(Fig. 7) 

3.2 Carbonizing System 

The profile of the carbonizer (shaft furnace) is shown in Fig.8. The shaft 

furnace is capable of continuous Jow-temperature carbonizing, high-temperature 

carbonizing and cooling. This is the second feature of the process. Briquettes 

charged in to the top of lhe shaft furnace are con tinuously d ischarg ed from the 

bottom of the furnace as quenched formed coke. This unique construction of the 

shaft furnace helps to ensure uniform descent of burden in lhe furnace and 



climinates th e need of high- tempera tui-e coke handling anel gas sealing in the high­

tem_perature zone. The shaft furnace has a rectangular cross section so tha the 

heating gases can be injected from both sides. This makes possible uniform heating 

of the burden in the shaft furnace. 

(Fig. 8) 

The third feature of the process lies in the heating gas circulation system, 

the concept of which is shown in Fig.9 . The gas which was used to coo! the high­

temperature formed coke at the furnace bottom is drawn out of the furnace, then 

used again a part of the low-temperature heating gas. ln addition, gases generated 

during carbonization of briquettes are cooled to remove the ter and preheated 

indirectly so that they can be used as the heating gas. The sarn e gases are also 

used to quench formed coke at the furnace bottom. As a result , combustion wasle 

gas and inert gas are prevented from mixing in lhe circulating gases for heating 

and cooling. ln th is formed coke process , therefore , high-calorie gases can be 

recovered and the amount of gasto be refined can be kept ata minimum . 

(Fig. 9) 

3.3 Coals for this process 

This formed coke process permits using particular brand of coai, but it aims 

at using a mixture of coals of different properties with a view to increas ing lhe 

varieties of coai that can be used for coke making. Wi lh this process, lh e range of 

coking property of blended coai that can maintain the slrength leve i regui red of 

blasl-furnace coke can be exlended significantly as compareci wilh lhe 

conventional coke making process. Namely, as shown in Fig.10, lhe process offers 

more allowances for vola tile ma tter and Caking lndex6) which are used to eva lua te 

blended coai that can be used for coke making. Thus, il appreciably expands the 
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scope of coal cesources that can be used for blast-furnace coke. ln this process, 

the bl ending ratio of non-coking coai (Caking lndex smaller than 80) is roughly 60 

lo 80 % and lhat of coking coai is 40 to 20%, though the figures very according to 

th e properties of individual brands of coai used. 

(Fig.10) 

4. Description of the Pilot Piant 

4.1 Purpose and Capacíty of Pilo! Plant 

Th e purpose of tests using the pilot plant ís to establish equipment and 

operating technologies and lo evaluate the qualit y of formed coke in lhe blast 

furnace, in order to develop the process to the commercial stage. therefore the 

pilot plant has to provide the equipment with ali the appropriate functions, such as 

coai prepa ra tion, brique tting, carbonization and circulation of gases. ln the 

process, the carbonizing process having a num ber of innovative fea tures mentioned 

above is especia lly importanl. 

ln order to ensure the optimum heating pattern of briquette in the shaft 

furna ce, it is necessary to make clear lhe burd en descent and hea ting gas flow 

characteristics. These characteristics in a full-scale shaft furnace to carbonize 

briqu e ttes on a commercial basis are difficult to predict accurately by a reduced­

scale shaft furnace. Therefore, in th is pilot plant, the dimensions of shaft furnace 

which de t ermine the two characteristics are lhe sarne as those of a full-scale shaft 

fu rnace, so as to ease the problem which would otherwise requir e careful 

cons ideration when scaling up the shaft furnace. Namely, lhe shaft furnace of the 

p ilo t plant has the sarne width and height as a full-scale shaft furnace. Only lhe 

length of the shaft furnace is somewhat shorter. Taking into consideration the 

scale of the shaft furnace and th e amount of formed coke samples needed for 

testing in a blast furnace, the capacity of the pilot plant was set at 200 tons of 

formed coke a day. 
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4.2 Pilot plan t process Flow 

The process now of the pilot p!ant is shown in Fig.11 , and the layout of the 

pilot plant in Fig.12. AIJ the facilities are installed at the sarne pince in the coke 

plant of Yawata Works. Hence, the supply of raw materiais and utilities needed by 

lhe pilot plant and the treatment of producls obtained from lhe pilot plant depend 

entirely on the functions of the Yawata coke plant. 

(Fig. 11) 

(Fig. 12) 

Coais blended and crushed by lhe coke plant facilities are carried on belt 

conveyors into the wet coai surge hopper of lh e p i!ot plant. The ble nded coai is 

dried, crushed and briquetted. The binder needed for briquetting is also supplied 

from the coke planl through a pipeline. Briquettes are once stored in bins, from 

which they are transported to lhe carbonizer. Coai power and broken briquette 

occurring in the briquetting process and during transportation of briquettes are 

returned to lhe kneader in lhe briquetting process, where they are briquetted 

again. AIJ these processes are controlled automatically. 

l'ormed coke discharged continuously from lhe shafl furnace is transported 

by truck to the stockyard. Gases discharged from the top of lh e sha fl furn ace are 

cooled to remove the tar and mostly recirculated. The remind er is recovered and 

piped to the Yawata coke plant, whe re it is mixed with gases genera ted U1ere and 

fed in to the gas refining process. Also, all tar and am monia liquo r produced in the 

pilot plant are treated at lhe Yawata coke plant, together with tar and a mmonia 

liquor produced there. Ali the utilities required by lhe pilot plant, such as 

electricity, fuel gases, steam, nitrogen gas and water, are supplied from the 

Yawata coke plant. 

Thus, the pilot plant integrates ali lhe necessary processes , from the 
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preperntion o f coais to the cooling of process gases. ln addition, lh e planl is so 

desig ned lha t lhe results obtained can be directly !ed back to . commercial 

production equipment. 

4,3 Features of Carbonizing Equipment of the Pilot P!ant 

A view of the pilot plant is shown ln Fig.13, and specifications of the main 

plant faciliti es are shown in Table 1. Of the plant facllities, the carbonizing 

equipment is especially unique. The carbonizer (shaft furnace) is shown in Fig.14. 

lls dimensions are given in Table 2. As shown, the effective dimens ions of the 

shaft furnace are 0.9 to 1.25m in width, 14 .36m in height, and ·6 .45m in length. 

This shaft furnace has four charging dev ices and four discharging devices along its 

length. The charging of briquettes inlo lhe shaf l furnace and the discharging of 

form ed coke therefrom are effected aulomatically. 

(Fig. 13) 

(Fig. 14) 

Table 1 

Table 2 

Five tuyeres are installed on each s ide across the furnace width for injecting 

the heating gases into the furnace and for extracting the waste gas therefrom. At 

each side of t he furnace, an ejector is provided to extract the gas used for cooling 

formed coke. Toe low-temperature heating gas is preheated by a recuperator, and 

the high-temperature heating gas is preheated by hot stoves. Since hydrocarbons 

contained in the circulat ing gas, such as CH4, CzH4, and CzH5, cause carbon 

deposit on the inside o! the hot stoves as they are thermally decomposed, the gas 
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circulating system burns the carbon deposit away by air during lhe switching of the 

hot stoves. 

The operations of the briquetting and carbonizing facilities of the pilo t plant 

are controlled fully automatically from the central control room, hence no 

operator is required at lhe machine side. 

5. Results of Pilot Plant Test Operations 

5.1 Operation of Pilot Plant 

The pilot plant was put in a hot-run test toward the end of June 1984, 

fo llowing adjustments of the equipment, drying of the carbonizing furnace and 

training of operators, which had lasted for about six months afler lhe plant was 

completed. For two years and six months to December 1986 , lhe hot-ru n test was 

carried out in nine steps. ln this period, the pilot plant was operated for a total of 

579 days, producing 93,000 tons of for med coke, of which 61,000 t ons were set 

as ide for tes t ing in a blast furnace . 

Based on the result s of th e f irs t three steps of tes t ing (end of June - end of 

December 1984), the operating procedures were optimiz ed and improvements were 

made on some plant facilities . As a result, in the fourth s tep of hot- run test 

conducted for one month from the end of March 1985, the plant c ou ld be 

continuously operated for 30 days without any trouble. Since technology to ensure 

stable plant ope ration was established, the production o f fo r med coke fo r 

stockpiling for testing in a blast furnace was started in Mey 1985 (fi fth s tep). 

From that time until July 1986 (end of eighth step), the hot -run t est was cont inu ed 

with lhe pr imary purpose of producing formed coke sam ples to be tes ted in a blast 

furnace . ln the ninth , and final step, lhe pilot plant was operated under widely 

varied operating and c oa i blend ing cond itions. 

5.2 Establishment of Equipment and Operating Technology 

ln putting this formed coke process to prectical use, it is critically important 
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that the newly developed carbonizing equipment functions as designed . Table 3 

shows the results of pilot plant operation in the fifth to eighth steps, in which 

formed coke samples for testing in a blast furnace ,were stockpiled. The shortest 

period of continuous operation of the pllot plant was 70 days, and the longest 

period 110 days. ln each of the test periods, total plant shutdo wn du e to trouble 

was less than 1 %. Thus, the pi!ot plant was operated quite stab!y. As a result, the 

production of formed coke per day exceeded the target in each test step. During 

the four steps of the hot-run test, the production of formed coke was increased 

gradually. ln the eighth step, the average daily production of formed coke in 110 

days of continuous operation was 197 tons, almost reaching the des igned capacity 

of 200 tons per day. ln the seventh step, as shown in Fig.15, the pilot plant was 

operated at its designed capacity . (200 t/d) for 61 consecutive days, producing 

satis factory results both in terms of output and quality of formed coke. ln the 

ninth step, it output from the carbonizing eguipment exceeded 300 tons per day. 

Thus, it was made clear that by adjusting the operating conditions properly, it is 

possible to obtain operation results better than lnitially planned. Judging from 

these test results, the formed coke process featuring newly developed carbonizing 

equipment has become ready commercial operation. 

(Fig. 15) 

Table 3 

Ali the automated systems, lncluding the briquette charging device, Cormed 

coke discharging devlce, and heatlng gas circulating system, as well as the sealing 

system, functioned as expected. this indicates that the formed coke process should 

also be effective ln saving labor and lmproving working conditions drastically. ln 

shutting down the carbonizing egulpment during the hot-run test, all the related 

devlces, except the hot stoves, were cooled down to ambient temperature. No 
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trouble occurred with the equipment or subsequent operation. the t ime reguired to 

shut do wn the carbonizing equ ipment a nd to restart the eguipment was four days 

eac h, prov ing that the tech nology involved in lhe process can respond to production 

cont rol wi th Oexibility. the equipment and operational characteristics thus 

confirmed suggest that the formed coke process should be able to solve basic 

proble ms inherent in the conventional coke-oven processas initially expected. 

5.3 Coai Blending conditions and Coke Quality 

As shown in Table rv, various types of non-coking coai, with vola tile matter 

ranging Crom 19.296 (d) to 44.5 96 (d), were used for tests in the pilot plant. Each 

type of non-coking c oai was blend ed with small proportions of coking coai and 

binder to be used as the ra w ma teria! for fo r med coke. Table V shows coai 

blending conditions and formed coke quality obtained by the pilot plant. When the 

blending ratio of non-coking coai was in the range 65 to 10096, the strength of 

formed coke was co mparable to that of blastfurnace coke. Thus, it was confirmed 

that in the new formed coke process, non-coking coai can be used as the principal 

raw material, and that blast-furnace coke can be produced wi thout using any 

coking coai. It was also confirmed that lhe new formed coke process offers more 

allowances for blended coai properties: volatile matter may range from 23 to 35 

(96, d), and caking index from 50 to 70. 

Table 4 

Table 5 

l '. was found that formed coke strength and biended coai caking index have 

lhe reiat ionship shown in Fig.16. With the new form ed coke process, when the 

con ten t of vola tile matter . and caking index o f coai are known, it is possible to 

estimate lhe coa i blending ratio and lhe strength o! coke form ed from the blended 
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coai. Fig.17 shows the relationship between the te mperature of gas injected into 

high temp era ture tuyeres and the quality of formed coke. As the gas temperature 

decreases, the content of volatile ma tter of formed coke increases, while the 

strength o i coke is liltle affected. From Fig.17, it is evident thal the final formed 

coke carbonization lemperature ma·y be Jowered to 850 to 900°C. 

(Fig. 16) 

(Fig. 17) 

5.4 Mass and Heat Balance in Carbonizing Process 

Fig.18 shows lhe yields of coke, tar and gases produced in the carbonizing 

process of the pilot planl in comparison with those in the conventional cokemaking 

process. Though lhere is very litt!e difference in coke yield belween the two 

processes, the new formed coke process offers a tar yield twice tha l of lhe 

convenlional process. Conversely, lhe gas yie ld of the new formed coke process is 

correspondingly lo wer . Table 6 co mpares l a r and gas properties between t he two 

processes. the calor ific value of gas recovered from the new formed coke process 

was about 3,7 00 I{cal/N m3, an exceplionally high f igure emong ex isting formed 

coke processes, though it is lo wer than lhe calor ific value of gas recovered from 

the convenl ional c okemaking process. Tar produced in the new formed coke 

process is so ft and shows a small degree of condensa lion, si nce it is not subjec ted 

to secondary lhermal decomposilio n under high tem peratures as is tar in lhe 

conventional process. 

(Fig. 18) 

Table 6 
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Fig.19 shows heat consumption in the carbonizer of the pilot plant in relation 

to the top gas temperature. The quantity of heat consumed for cnrboniza tion 

markedly decreases as the top gas temperature is lowered. When the top gas 

temperature was lowered the near 300°C, the heat consumption became about 400 

Mcal/t-briquette, or about two-thirds the heat consumption in the conventional 

process. As shown in Fig.20, most of lhe heat consumed in the carbonizer is lost in 

the form of sensible heat of gas discharged from the top of lhe carbonizer. ln 

order to utilize this top gas sensible hea t, a new method was developed to coo! lhe 

top gas by tar produced in the carbonlzing process as shown in Fig. 21. By 4096 of 

the top gas sensible heat (Fig.22). 

(Fig. 19) 

(Fig. 20) 

(Fig. 21) 

(Fig. 22) 

6.1 Testing of Formed Coke in Blas t Furnace 

Toe tnrget properties of formed coke samples for testing in a blas t furnace 

were set as shown below, taking into consideration the properties of coke made by 

the conventional process and used in the testing blast furnace. 

150 m15 83.5 ± 0.5, CSR 57 ± 2, Ash 1296 

As mentioned earlier, 61,000 tons of formed coke samples were produced in 

15 months from May 1985 until July 1986. All these samples had been stockpiled 

outdoors untíl they were subjected to testing in the blast furna ce. The formed 

coke in the stockyard was covered with vinylon sheet as shown in Fig.23 to prevent 

its moisture content from nuctuating due to rainfall, etc. 
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(Fig. 23) 

6.2 Results of Tes ting in B!ast Furnace 

The tes ting of for med coke produced by the pllot plant was conducted in the 

Yawata No.4 blast furnace (inne r volume: 4,250m 3), chiefly to evaluate the 

possibility of using formed coke in a large blast furnace on a long-term basis. The 

tests were started in August 1986 and ended in January 1987. As shown in Fig.24, 

the blas t furnace was con t inuously operated for 74 consecutive days using formed 

coke at a blendi ng ratio of 20% (30 % for severa! days). During U1 is period, the 

blas t fornece operational cherac teris tic (fuel rate, burden descending, etc.) 

remai ned t he sa rne as when only coke made by the conventional process was used, 

cxcept tha t th e permeabi!ity resistance slightly increased due to smaller grain size 

o f formed coke. 

(Fig. 24) 

An exami nat ion of coke samples collected from the tuyeres revealed that the 

change in grain size of formed coke in the blast furnace was the sarne as that of 

coke prepared by the conventional process, as shown ln Fig.25. lt was also revealed 

that the formed coke retained lts original shape until it reached the tuyere, as 

shown in Fig.26 . 

(Fig. 25) 

(Fig. 26) 

The above-mentioned test results prove that formed coke produced by the 

new formed coke process can be substftuted Cor coke prepared by the conventional 

process. 
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7. Feasibility Study of Cornrnercial Production Equiprnent 

7 .1 Suppositions for Feasibility Study 

The feasi bility study of the new forrned coke process was conducted assurning 

equiprnent having a coke production capacity of 3,000 t /d. As already rnentioned, 

in order to preclude technical problems involved in sca!Jing up the pilo\ plant, ft 

was assum ed that comrnercial production equiprnent had a shaft furnace having the 

sarne width and height as the pilot plant, only the shaft furnac e length be ing aboul 

three times that of the pilot plant. 

Since lhe new forrned coke process permits a much wider variety of coals to 

be used for making coke, shaft furnace operating conditions, production rate, 

product y ields, etc . are influenced by the properties of coai used as the ra w 

mate ria l. This in turn inf!uences economy of the process. ln this light, the 

follo wing three cases, each using material coai of different properties, were 

considered: 

Case l: B!ended coai of low volatility and high caking proper ty; 

production of formed coke o f high CSR 

Case II: Blended coai of low volatility and low caking property; 

hlgh production ra te; low top-gas temperature 

Case III : Blended coai of high volatility and high caking property; 

low coke yield; high by-product yie!ds 

For the purpose of comparison, the conventional cokemaking process was 

considered. The briquette blend coking process was also partly íncluded in the 

cornparison. 

7.2 Results of Feasibility Study 

Fig. 27 shows the results of comparison of equipment cost. Case I is nearly 

the sarne as the conventional coking process, while Case II is less costly by 15%. 

Case Ili is costlíer than the conventional coking process, but less costly than the 

briquette blend coking process. compared with the conventional coking process, 
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the cost of the shaft furnace of the new íormed coke, but gas cooling equipment is 

costlier. 

(Fig. 27) 

Fig.28 shows the results of cost comparison of blast-furnace coke based on 

the current price di!ferenc~ between coking coal anel non-coking coa! (the latter is 

about 2396 cheaper than the Cormer). ln each of the three cases, the new Cormed 

coke process is more aclvantageous than the conventional coking process in terms 

of cost of blast-furnace coke. Case II, ln particular, is about 1596 less costly than 

the conventional process. The briquette blencl coking process is less aclvantageous 

than the conventional process. The economic advantage of the new formed coke 

process over the conventional coking process elepends on the price elifference 

between coking coal and non-coking coal anel on the blending ratio of non-coking 

coai. Fig.29 shows the results of evaluation of economic advantage of the new 

formeel coke process over the conventional process with special reference to the 

two factors. Assumlng the blenellng ratio of non-coking coai as 70%, the new 

Cormeel coke process becomes more economical than the convent ional process when 

the price elifference between coking coal anel non-cok!ng coai is 11 96 or more in 

Case I anel 2096 or more in Casem. ln case li, the new Cormed coke process always 

has economic aelvantage over the conventional process even when there is no price 

elifference between coking coa! anel non-coking coai. 

(Fig. 28) 

As mentioned above, the economy of the new Cormed coke process varies 

accoreling to the properties of ma terlal coa! useel . Nevertheless, it can reasonably 

by expected that the new formed coke process will have advantage over the 

conventional cokemaking process ln terms of both equipment cost and coke cost. 



386 

8. Conclusion 

With a view to developing a new formed cok e process which should be able to 

solve various problems ínvolved in conventional cokemaking processes, a pilot plant 

capable of producing 200 tons of formed coke a day was constructed. Using this 

plant, equipment and operating technologies relating to the production of formed 

coke, as well as technology for use of formed coke in e blast fumace, could be 

established. Also, e feasibílity study of com mercial production equipment 

indicated the possibility thet the new formed coke process would have economic 

advan tage over the conventional coke making processes. Since the new for med 

coke process involves no technícal problems in scaling up the shaft furnace for 

development of commercial production equipment, ít can readily be put to 

practic al use on e commercial basis. lt is hoped th a t the new formed cok e process 

will contribute much to the progress of the world 's iror. anel steel industries as an 

innovative technology which effectively rneets the needs for savings of resources, 

environmental protection, savings of labor, building of systems, etc. in 

manufcturing blest-fumace coke. 

(Fig. 29) 
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Table 1 Main specifications of pilot facilities 

No E~n ipmcn t Numbe r Cnpaci ty Note 

1 nlcncling bin 10 2oot }Exist.ing 
2 2nr1 e rushc r l 150t/11-wd íacili tics 
3 Wc t coai bin l 50t 
4 13riqnctting 

Drycr 1 14t/h -rlry 
5 Crushcr 1 14t,/h-dry 
6 

proccss Kncarlcr 1 1.5t/liatch 
7 nrirp1d.t.ing- prcss 1 18 t./h-wct 
8 Driqncttc bin 1 lOOt 
9 Itct.nrnccl fine crns hcr 1 2t/11 

10 C:nbonizcr 1 200 t./<l 
11 Ch,1rging c~nipmcnt 4 max. : 200l<g/ hat.ch/i111i t 
12 Discl1,1rging c~uip111c11t ~ max. : 5t/1rr/unit 
13 Prccoo]cr 1 30 150N111'/11 
14 Ca r bon iz ing º";, coo ler 2 15 100 Nm1/11 
15 procr.ss llj r.cf.or 2 11 200 Nm1/lt -wc r. 
16 lligh tc111p. g,1s hcat.c r 2 5 800 Nm1/lt-wc t. 
17 Low Lcmp. gas hcat.~r 1 13 000 Nm1/11-wct 
18 llfain blowcr 1 30 150Nm1/h 
19 Elcctric prrr.ipit.nt.or 1 30 150 Nm1/11 

-·-
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Table 2 Dimensions of carboni zer (200t / d) 

Low tcrnp_ 
High temr. carlmizing 1.onc Ga s scaling Cooling ' .. 

'l'apered S t.raight. c:i.r 1>nl1.1n~ 
zone zonc 

part part zonc 

Vol11111c (m') 13.9 26 .6 24 .2 23.8 25 .0 

Ilight. (m) 2.0 3.3 3.0 2.95 3.11 

\\~dth (m) 0.9-1.25 1.25 1.25 1. 25 1.25 

Lcngt.h(m) 6.45 6.45 6.45 6.45 6.45 

Travcling 
time (rni11.)* 50 100 100 105 110 

* Procluction rate 100 % 

Table 3 Results of pilot plant operation 

5th operation 6th operatior 7th operatior 8th operation Teta l 

95 70 90 110 365 
Oays 

1985.5/12 1985.9/3 1985.12/1 1986 .4 /3 
-8/14 -11/12 -'86 .2 /28 -7/21 

Production(t) 15,590 12,900 17 , 150 21,660 67, 300 

Production(t/d) 164 184 191 197 184 
Oay (163) (170) (189) (186) ( 178 ) 

)Prearranged plan 



Table 4 Prop~rties and blending ratio of coals tested in pilot pl ant 

Properties 
Coa is Asli V,M. T,S Caking Iloga 

FSI (% d) (%. d) (%) Inrlcx Indc:c 
A 11.5 19 8 0.32 63.5 21.8 l l/2 
fl* 10.0 19.2 0. 53 68. l 20 .6 l 1/2 

Non- e• 11.3 22.6 0.40 48 .0 14.0 l 
coking- D 9.9 26 .7 0.38 79.3 48.3 4 

E 7.4 32.8 0.60 76.9 28 .9 1 l/2 co:ils F 10.2 32.7 0.60 58.6 6.5 1 
G 10.1 41.2 0.48 21.3 1.6 o 
H 7.3 44 .5 0.71 40.8 18.0 l 

1' inc 1 11.7 0.4 0.56 o o -
cokc .T** 0.3 10.8 0.67 14.8 o -

Coking K 9.7 19.0 0.58 86.5 58.6 8 l/2 
L 9.7 21.0 0.36 82.6 54.5 6 V2 coais 
~I 9.4 20 .6 0.60 89 O 74 .8 9 

Ilinrlcr N*** 0.1 75 .7 0.55 79.8 44.9 -
* \Vcalhcrcd conl, *" Pet roleurn cnkc 

**" Co:i l tar pitch (S .P. 35 'C) 

Ilangc of 
blcnd ing 
rat,io(%) 

.0-50 
0-17 
0-29 
0-20 
0-40 
0-15 
0-10 
0-50 
0-7 
0-10 
0-11 
0-30 
0-35 
7-8 



Table 5 Ble ndi ng condit ion and coke qual i ty 

1 2 3 

non sl ightly 
65 68 78 e cak ing coa l o ·-..., Ratio caking coa l ·- (% ,d ) 35 32 22 ""O 

e 
o 
u bi nde r 8.0 7.4 7.4 e,, 
e ·- Cak ing 1 VM('.t,d) ""O 

26.7 25 .8 25.0 e 
QJ proper ti es -a, 

1 

C. I. :G . 5 69.3 65.7 

+50(mm) 9. 2 6. 4 3. 1 . ., 
""" 50-25(mm) o Pert icl es('.t )· u 83.8 87 .0 90.4 
""O 
QJ 

- 25(mm) 6.6 6. 1 
E 8. 0 L 
o ..... 

01150 ..... 15 84. l 83.9 84.4 o 

1:- Strength 
·- CSR - 56.7 56.8 55.8 "' ::, 

porosity (i) 

1 

o 
38 . 5 40 . 1 34.0 

.. -

4 

100 

o 

7.4 

24 .8 

52. 4 

1. 9 

93.9 

4.5 

86.3 

56.1 

29.6 

5 

75 

25 

7. 0 

34.4 

68.4 

4.1 

83.3 

12.6 

81. 2 

4 7. 5 

42.4 

,. ...., 
( O 



Table 6 Propert ies of gas and tar 

(l) Jlccovcrd gas 

Composi t ion (%, vol) Calo ri fie Gãs vol ume 
Proccss value ( Nm' ) 

H2 CH4 co C02 CmHn N2 (Kcal/Nm') t, coai 

Formcd cokc 58.5 20.5 8.9 1.5 1.0 9.6 36 72 364 

Convcn tional coke 57.2 29 .0 s :8 1.2 4.6 2.2 4800 300 

(2) Tar 

Spcci fie 'l'ol11r.11c UI timate analysi~ 
Proccss gravit.y lnsol11blr. (ª • d) fa 

(15/4'C) (%, wt) e H N s o 
Formcd cokc 1.135 o. 64 89.4 6.5 1.8 0.5 1.8 0.80 

Con vr. 11 t, i 011~ 1 cnkr. 1.170 5.4 O 90.8 5.0 0.8 0.5 2.9 O.!l2 






