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SUMMARY 

In goneral, good coking ooal ia expensive, whilst non-coking 

coal is cheap.      This is dependent upon the geological distribution 

of  the coal deposits and the supply conditions in the coal Market* 

On the other hand, the demand for coking coal that is higher 

in quality an well at« lower in price continues to increase because of 

the rapid growth of the world iron slid steel industry. 

In order to resolve this contradiction between prioe and quality of 

coking coals, a considerable amount of research and development effort 

iiao b«en made in the field of coke production. 

The present paper giver, practical examples of the research and 

development carried out in this field in Japan, inoluding the eeleo ti on 

oí  coking coala, pre-treetment of ooal charges, increase in tos sise 

of ooke oven*,  the use of formed o.»ke, and new oaking materials. 
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Coking technology covers  a v«,ry wide field; howaver, thi« papar 
will deal only with coke for blaat-furoaoe usa. 

At first, it is essential for the coke of blast furnace to be heavy- 
duty against iinpact, abrasion and high temperature and to be strong enough 
to keep its shape „hila it comes down fron the top to the bottom of the 
furnace.        Secondly, the content of impurities euch a« aah, sulphur, and 
phoBphorua should be fairly low. In order to meet the two conditions 

mentioned above, it is necessary to use a coking coal of excellent quality 
as the raw material  for the coke.     For this reason,        research and 
development in coking technology are based on requirements by the operators 
of blast furnaces. 

The blast furnace operators are given an important task to reduce the cost 
of iron for supplying iron products in the market at a lower price. 
The price of the coke forms a large pert of the iron cost. 
Therefore,        blast furnace operators always are looking for inexpensive 
coke of good quality. 

In general, a coking coal of high quality is expensive, and one of 
low quality is economical.       To produce a cheaper coke, the quality of 
the coke must be lower. (*i the other hand, to make the coke of good 
quality, the price of coke increases. 

In order to solve this contradiction, a great deal of effort has been 
done for research and development in the field of coke production. 
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2.     IRON PRODUCTION TN .TAPAN 

The total production of iron     ^      iess than 10 million tons «til 
W59, but the huge demand for iron and steel after then increased the 
production tu over ?0 miJxioa   ton.; x,  ?.,7i. 

In the same ti», blast furnace, incited iri blB0| and there va* remark- 
able progress bringing high productivity and lower coke ratio, with 

improvement in the quality of burden, rhe realization of high temperature 

Mast, high top pressure operation,        fuel injection and oxygen onrich- 
^nt or  the blart.      T-.ose .lcvetop,„e/;tE are shown in Fig.  1 and 2. 

In Japan, before 1945, the coke for blast furnace u» wua node from 

tho blend of Chinese and domestic coking coal, but its quality was not high 
tnouph. 

After        World Iter II, the improvement of coke quality became «asentxal 
for the increase in the production of iron and steel. 

To gain this end,   the import „f the US hard coking coal of high quality 

was started in 1948. As a result, the ash content of coke was greatly 

reduced, roa -hi bg   about 10 i in 1958, with the decreased ash content of 
also the domestic soft coking coal.        At the same time, the strength of 
coke was improved,close to the present level. 

With 0» further increase in the production of iron and steel, coking   ' 
coals from Australia and Canada were also imported. 

In 1971, the consunption of coking coal for        iron production amounted 
to 55 million tons, and the sources of these coals are as follows-- 

US-.-34I, Australia--294, Canada-12*. USSR-«, Poland-2t, Domestics 

The progress of the groi*h is shown in Fig. 3. 

4.    DBVElflPwars OF COKING TETHNOUXÌY IN JAPAK 

The development   of coking technology in Japan has been infixed by 
the consimption tendency of coking coal. 

During the restoration period of the Japanese economy after 

War II, it was necessary to bring up and expand at a high pace the coal 
industry and the iron and steel industry. 
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-1-   A    *   '    -   i 
IW0 1955 |9tO 

Ytor 
W«. 1 - Development of Iron production in J«p»n 

1970 
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n» iron and steel industiy was obi*«* Dy gover.rn.nt policy to «. 
dorr:3tic coal. 

n«,T: "" P^0,iUCtla, of hard «*«• "»1 « J»P» tad be« vr, 

• ^ ?     'of "his coal Kas amt e*hau,ted-   ** »f * coal produced was soft coking coal of hi* »Util, content. 
As the result of many kinds of research, it was «».„la,» ihat 

the »st suivie coal to cover the poor strength of the do*stic coki* 
-oai M,    u.a. h.,,, „^ ^ of im to ^.^ TOirtita ^^ 

After 1957, Australi» and anadian coking coals m ^„.d t0 

«4« the cost of coke.        Htvever, tee coals contain mth mm, Imn 

e"     »Lw "- aS - ^ —** -IS - «* i»« «terijT exist «inly ln cogrse pjrt^j,, of tte CM! 

•" «uch coal, m a,ed for coal blending in coke oven, the strength of 
coke natumly falls.        ^ mi of ^ cniid      ^1** 

•«n.       The «thojs for the pre.treatiBnt includ; further crujii 

«•eil«, «»hin,, dry Aarging, briquette charging of coal bl«d 
ine/«.«. .doptwl into J.P«.,«,. c,.«,^^ pr,ofeei „it, <o()a ^^ 

On the other hand, coke ovens bee»* Jar<i.;r „ „lMt fnr,a0„ lB 

HL      a Char8iní   qUantlty °f *"* U tons "» —• n INS, a 6 »ters high coke-oven battery was extracted for th, first 

m Ï "T T f *"""• ,la,st — *» 5 —• «£ 

««Ml» >hort.•d. The cartonimi«, ti» „as usually 4 hour, oar 

" « ;r;but ^ " - —- —^ £•• 
»»i-., -.     , \ li»?roveaent in pre-treatawt tech- 
nology of coal charge, the enlarge*« of c.*e ovens a* th. incJT 1„ 
productivity of coke ovens, MCTäM ln 

So long as the conventional coking «ethod is eaployed  coki«, r«.i 
«li, hard coki», cea, of good „^ u As^^C°U' 
*-*. hard coking c«!.^ „^ u ^^ ¿ ^L 
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«-• « th. «rth, »d th. „»owe of it.,. «^, to ^ tóBu..id 

Paction to-cAln, coal i« »« ^.j«,   ^ 

of non-coking co.1 i, |W5SlMe ^ the „ "*"**• «•• " «« «• 

coai aar« tnm «01.        TM, „.t,,^ ^^^^ "* 

sewral years. ««»»a «uxalclly in 

sirtl^T^ !? J,P,n,     """« CÄln,i -M'itì« f"« P.t»l«*with steli«- prop.«!., to h.rd coking cori, of good oo.Ur,  *» Z« f .-. 
for the producilo.! of 001•. W *' ** b#ln« '"l* 

Ihi! -thod Mi be ce«erei.Ji„d on m indwtrUl ,ai. i„ . «-. 

s.  saecriow op comi« rriAi 
There »re various «thods of «„„„^.^ 0M,e 

«thod orwrnO), fc, exaTle# u shoM] ta ftMe K 

bit JL^ COal.ÍS C,a"Íflíd int', thWe  <*"• *••• K—UtU. 

"» «kin, properties of co.1 dq-nd „„ the 00ntent of MUUU ,,, 
»i   th»  fluidity. 

1ta> cUulflMtlon 
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In tenerti, a coal containing les, inert materials has high fluidity 

htlthe "",*•? °f COaUfiCJti0n'        ** flui^ty of high-volatile 
bitistinous coal i, higher than that of locatile bitmdnou. coal   as 
seen in Fig. 4.        IT* coke made fron» high-volatile coking coal i.'weak 
in strength because of «any fissure»( Fig. s ). 

•me «-e of low-volatile coking coal in coi. o•a «.*«.• their «.11. to 
break beoauee of the strong expansion pr«e»uro of the ooal. 

Therefore, it is necessary to «ix at a suitable ratio, as a regular 
practice,       high-volatile coking coal with lo»-vol.tile coking coal 
in order to produce high-strength coke of good quality. 
The blending ratio i« <j*p«idaAt on experience in moat caaes. 
In Japan, for example, the following has been understood is « rule in 
blending coals for the produce of cote.       j^iy, ^ ^ ^^ 

properties«,, represented by the two indices of volatile „tter and fluidity, 
ooal blende within the range «how as ''„hareing oo»l" in fig. 6 are «oet 
•uitable. 

In recent year», however, there have been atte«pt5 in mmy countries 
to show the coking properties by »sans of coal patrography. 

• completed blending rule .s far «, ** ^ of ^ „igin ën canemmát 

In caae of Japan, coals from aany countries ara usad at various nixing 
wtio*. so that       Sheppiro's blending rule can not be applied without 
mm aodif ication.       Y. oicuya*. aayi*. Various coking coal c« be strati- 
fiad by IMO paraaeters -   Reflectance of Vitrinites and Gieseler aaxisui 
fluidity of coal ... This str.tifing syste* lf useful to pra-evaluation of 
coklm coals, atpecially in the case of Urge quantity of sampleoannet 

It it iaportant first of all to know the coking properties of coals 
•va^bl». if you want to produce coke for blast iW*in your «untry. 
Secondly, you should detemine • target value of the strength of coke. 
It will naturally datemine kinds of coal «id contents of coal blending 
accordingly. 
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Ü^L*   T" m ""*  li-ltati0n* <* *•»• y«* «hould try to i^on 
the strength of coke by the use of pre-treatment s of coal blends. 

^       
5   lOOh 

V   v 

r~\ 4* '' 
US hi^^oiotlle oofcl/^ cool ) 

Lx-' 
/    ^   votetitteoKlngoeol 

10 - 

i   -, j    \AM*«II«I Ntoft- 

KA    y «id mtdium-   ** 

\     \***l* ooMng oool 

votatlttooMngoMl 

0 10        20        30        40 
Vblotil« motar (%) 
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•JKSAtmtr& 

Cnishii 

Van «SD>C ^£r",tl" °f inte«»1 «* M-*, ». w. 

"«- dec«««.        Ä the      • ^ t^ — «««1- m. of th. 

it is mrf     i i y as ti>e other coal« TI? ^ 

«*• as «hown m ,:ig. 7. 
8° lS ^^ *> the stwngth of pwduc* 

Outrtinç It») (par cant tt^uu , * ^ cam of porttelt in,thln 3wf|) 

**• 7 - Relationship l*tv.«n «-   v, 
cuke •***& a" 0ru,hin« ^1 of o^ „4 
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* the other hand, C0,Js   , . . 

«*« the «««u» of «*, J^'Z 7terUl' " MSÍJy «"""• » 
the coke «trench is immr„ ¿ •" "*"—      »-««« and 

«ft«y into the coke ,.^11 "* *° 5C"ter *• »«W« 
From the viewpoint m^nt-í««,j   t 

— carri* 0üt rj cX „et:' *"* ""* " **~ 
-»• * hi* inert «J^^*? " ^ *" '*" ^ "^ 
** «•*!.. » effective c^'        *       ^ iMM-ul<*V «.«. 
WOrks of »-ito» .Vietai Austrie   Tri     Z !*'"* ""*   by *• ***- 
"«* and a caal dryer in the cru,v 1•tallud * c=re«^ ^uip. 

°3X pIfc^-^ Plant *t K^him,. 

Cool bunk* I 

(Nord coal) 

cool) 

to cool tomr 
OfOVtftt 

Coal buniarff 

W«. 9 - Flo* dUs^ of coa, prer 
*r*t.on piMlt at ÄahiaB 

S!r*iir^aÉiaimlSSj« 



-17- 

6-2. Dry Charging 

It U CO-«üy h«, a« th, „„..„^ of mlsturc ^^ 

nwits in coke strength. ^ 

In 1065, a large scale experiment was carried out on bul* den- 

¡¡TJIä* 
The ln>n -a steej totit- "*-* - *«• - 

I 
I Û70 

3 

Q60. q     i. 

Coarta eotl 

•* ••       L j L 

moitturt (%) 
10 

Fi«. 10 - «•}jtio»Al„ batwaan moi.txtfa oonteat in coal 
trolle density 

In 196S, . coil dryer    of 300 tons per hour «as construid la the 
coke plant at the Piicuy— «orles of Nippon Kokan K.K. and «aal dryia« 
started fro» teoaabar of that year. 
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productivity of cole oWni b, ,„ , -T* "y,S '•"d rais* «*• 
in-wov.•,*      of cote streng OTd        ,",     >       "*" 'hUint'1 al» ln 

"     and        «rtfonuty of coke size. 

>••   <•»• i.n..r=v;.,   .,..».„ »ti^th. 

"*o methods are usee? for        h 

«"»out „u, . H J *"*" *•/**• <* »-%»tteS ^   coke ^ 

~» « * *mC wo,*: ; ci :;*? T -for -* ^»t Geininy. wiling«*)* bisen und Stahlwerke CHrff, 

In Japan, an índustriaJ-scaí,. »%^« • 
«t fcr two m„ {nm ¿J1'^ «77 " tMs „«hod wa, «^ 

* the „su»,. it was Za¿TtT ^ ,n",tUte °f J"^(7)- 
* » , and the ta« coHn» clTm^, ^ * "°*1 *""• ** **— 
« t.                                 * CM1 m t,,c coal <*-n» can .« reIuMd ^ l2_ 

**°Pted in Japan. r thlä reason *t could not be 

In another method, a part nf r^i   t 

«- «* » «** x o ,,?„:;* " r "to m- 
»v«» after »ixing thffl wjtJl the •* b"<-*»« «» cta«d Im. co». 

•» »** has .,„,aoy   1~   ; r8e- 
T*.t. »*, of mppoi. stee    • °£*7 - « ««cui scale .t the 

bratta, » » of coal ^rTZllZ 71' •* "»,.?*<* - 
W «renath toe« by j ^ *" 7 «"°• * falta.«,. 

If the coke strength is nl    ,   ' '**"l*"t   °" * °f "•!• 

c~«d by ^roxinatdy , ,        '7 7")- »i ». coal ctarg. 1, *. 
of this coke pi«*. shc"s tho Moi* *"!<* diagrat 
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7. EWURÜHHaff OF COKE OVENS 

In Japan, Mast furnace híiV!* ho?,  gt-rHng la*-fCT ani larger in voltare, 

and today there is one large furnace with exceeds 4000 cubic meterst 
for which about 5,000 tons per day of coke are needed. 

The production capacity of coke oven is determined by the nuabor of 

oven», carbonization time ami the inner voltine of oven chanbe?. 

Since there is a lower limit to the carbonizing tine, it is necessary 

to increase the nuetocT of oven or the inner volue* of oven cheat*» so that 

the coke output can be raised.  The forner requires largeT area and acre 

workers although it is easy technically. 

Therefore, the latter has been adopted in many case» in Japan. 

Fig. 12 indicates a typical relation between coke requirements and oven 

nuabers. 

Ovan flight 
4m 

1000 5000 
Coke production (*"•/**) 

fig. 12 - Relationship between ooke requirements and naatber 
of ovens 
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There were many technical prob lots in the enlargement of coke ovens 

in order t-j make »lequate equipment of uniform corohnstion system. 

However, they were nompletwly eoived hy  the improvement based on long 

experience, and then the 7.12S meters high ovens were installed at the 

Kashlma works in 1971.   Table 2 shows the operating dete of these ovunn. 

Table 2. Operation data of the Kashima Mo.l coke plant 

Number of ovens •-  

Oven he%ht (meters)  

Oven length (meters)  

Oven width (meters) -  

Effective inner volume (cubic meters)   

Coal charge (tons per oven)  

Carbonization time (hours) -   

Mean flue temperature (*C)  

Heat consumption (k.cal.per kg.)   

Coa) analysis: total moist (1)   

«h (I)   

volatile matter (I)  

total »urphur (t)   

grain size (t of -3m»)  

Screen analysis of coke:   • 100 m (t)  
100 • 75 (I)   

75 - 50 (I)   
5ft - 25 (t)   

- 25 (t)   
Coke strength in JIS method. * 50 mm (t) — 

• 25 mm (I) — 
* Urn (t) — 

Productivity (tons per ovan par day)  

•- 10« 
— - 7.125 
••- 16.50 
— - 0.46 
— 47.70 
— 55.30 

- 17.1 
1,362 

— 616 
•— B.7 

- s.o 
•- 29.0 

•— 0.54 
-- 77.5 
.... 4 

... 21 

— » 

— 29 
.... 7 

— 25.4 
— S5.6 
— 92.4 
-37.1 

jàm^ÊmMUÊÊmÊÊÊÊL^ 
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8,    KMMìD COKE 

8-1.  •'PrpdiiCt ion, process 

tfuoh r«!»c£»r'.-'.h has be<»n oarrieil out or forrced coke in mnny co-rritfi*« 
over a Ions period.       The principal processes foT the purpose of j»roduc- 

ing formed coke for the blast furnace are shown in fable 3. 
They are roughly classified as briquetting and 

carbonizing. 
There are two methods for briquetting of coals,i.e. briquetting with 

a binder such as pitch at a temperature («ore or less 100SC) - tne 

cold briquette method, and briquetting without a binder at a high temper- 

ature (350-450"CJ to melt coking coals blended - the hot briquette 

method. 
There are also two methods in the carbonization of coal briquettes, 

direct heating with gas or sand at a high temperature and indirect 

heating through firebricks, uu in tl» conventional carbonization. 

The »avantage and dieadvanfca¿eB of theae prooeaae* are ahown in 

fahU 4. 

Table 4. Evaluation of production processes of formed coke 

Coal briquetting Carbonizing 

Cold Hot Direct Indirect 

Engineering of 

- . Short car- the conven- 

Advan- 
j tagca 

Production 

process is 

No binder 

required. 

bonization 

time. 

Fewer work- 

tional coke 

ovens is appli- 

cable. 
simple. ers. No air 

pollution. 

High calory of 

emitted gas. 

Need* équip- High main- 

Di »ad- . 
Tantagei 

Binders are 

expensive. 

aient to with- 

stand high 

temperature. 

tenance 

cost, low 

calory of 

emitted gas. 

Long carboni- 

zation time. 

tHBRi?»c—<—mcaE3 

ÜÉI 
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8-2. Coking mechanism 

It is a well-known fact that the mechanical effect of "briquetting" 

increases the caking power of coals and improves coking properties. 

According to our research, the briquetting effect of coals way be outliaed 
as follows:- 

(1) Briquetting not only makes the distance between coal particles shorter, 

but also aakes the particles more powdery, increasing the surface area 

of reactive Materials in the coals. Such reactive Materials give coat- 

ings on inert Materials in the coals and make easier the Mutual Melt* 

ing reaction with binders such as pitch.   Consequently coke 
strength increases. 

(2) Briquetting pressure is desired tc be as high as possible to Make the 

reactive Materials work effectively for coking action. 

(3) The suitable particle sire of raw coal dependaupon its coking proper- 

ties, but fine particles are preferable to get higher coke strength. 

(4) Volatile Matter content and contraction characteristics of the coals 
affect  coke strength. 

(5) If there are too «any reactive matériels in raw coals, the formad 
coke fuses together. 

8-3. Raw Materials 

Before adopting a formed coke method, it should be checked Whether 

there is any difficulty to obtain the raw coals. 

Aa afo i «Mentioned, it is necessary to select suitable coals, «a in the eon* 

ventional coking process.   However, there is a wider range for select- 

ion than the conventional one because  auch anre non-coking coal can 

*• und.   The resources of non-coking coals ere  abundant, and a 
laxge quantity of petroleum coke can also be used. 

When a suitable coal is found, the caking characteristics should be 

examined first of all.  At the next stage, experimental production of 

formed coke should be carried out usin* individual ooale or    *m\ 

bleaoWxod at various ratios.   By examining the quality of the pro- 

duced coke ¿t might be found that there is a certain relation between them. 

A basic pattern of coal blend is determined according to the result. 

Since the basic blending ratio of coals is fixed, a coal briquetting 

mathod and a carbonizing method of coal briquettes are determined at the 
third stage. 

. -i 
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As for the briquet ting method, we would recommend        cold briquetting 
which p«mitn easy operation of the equipment. 

With retard to the coking aethod, there «re many processe« as already 
mentioned, but these processes have not yet b««u commerci*u»ea. 
However, we think that the indirect carbonizing method has 
in engineering of facilities. 

8-4.   Ute of formed coke into blast furnace in Japan 

About 14,000 tons of formed coke was used on trial at the Kokura works 
of Sumitomo Metal Industries, Ltd. fron December, 1971 to Aprili 1972. 
The blast furnace used for this experiment has a immer volim* of 1,350 
cubic asters and produces normally 3,000 tons per day of iron. 
The formed coke made for this experiment was produced by a asdiun scala 
equipment at the Osaka Coke plant of Xeihan Rentan Kogyo Co., Ltd. 
The production process of this plant is shown in Fig.13,       The quality 
of this formed coke is superior to the conventional coke as shown in Tabla 
5.       The operation data of the blast furnace during the experiment is 
shown in Table 6. 

Tf>tf It    ftum/ tf ftr*f* wit im »fflvffmyril wto 

Proximate and ultimate analysis: 
Total moisture (I)  
AJh (I)  
Volatile matter (I)  
Fixed carbon (I)  

Mechanical strength: 
JlS't Drum Index  +1S an (I)  
ASTM's Hardness    • 6 mm (I)  
Tumbler Index at 1,000'C •© aa (I) 
Crushing strength (kg per place)-- 

Screen analysis:     • 50 aa (!)  
50-25   a f%)  
2S-15 aa (t] 
- 15 aa ( 

average (aa] 
Porosity ft) - 
Relativa density  
Reactivity by COt gas (I .weight) 

garsWmaâwll   ê^W^mlaâ 

0.6 -   2.1 
9.5 - 10.5 
0.5 -   1.3 

90.0 - M.2 

94.0 - 96.0 
69.0 - 7S<0 
77.0 - M.O 

660 

90.0 - 97.0 
1.0 - 4.0 
1.0 -   S.O 

47X47X» 
32.7 
1.13 

7.0 •   1.0 

Conventional 

2.0 - 4.0 
10.0 - 11.0 
0.7 - 1.0 

•9.3 - 9J.0 

91.9 - 92.5 
66.2 - 69.5 
66.0 - 70.0 

629 
60.0 - 65.0 
30.0 - 36.0 
3.0 -   4.0 
3.0 -   6.0 

70 
46.7 
1.00 

6.0 -   7.0 

MHHU 
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7j^ÇJu..-^Mtion data of_ UMlAlwtJuwacejKüfc *2!»^çdke 

Operating period 

Output of pig iron ( tons/day ) 

Blast volane ( HfftrAn. ) 

finriiJied oxygen vohm: ( Nh^min. ) 

Blast teoper&ture ('C ) 

Blast pressure ( kg/on1) 

Top pressure { kg/on*) 

Pcmiability index ( P/V ) 

Cre to coke rate 

, Sinter content of burden ( * ) 

Nunber of charges per day 

j Coke ratio ( kg/iron ton ) 

Heavy oil consi«ption ( kg/iron ten ) 

Total fuel ratio ( kg/iron ton ) 

! Total fuel ratio after correction 
( kg/iron ton ) 

Oust in blast furnace gas ( kg/iron ton ) 

, Nunbor ot slip ( tioes/day ) 

Condition index of blast furnace 

Content in iron ( t )        C 

Si 

S 

Contint in blast furnace gas ( I )     00 

C02 

H 

  CO/OD2 

301 ~W 
Normal base   Fomod Coke   Formed Coke 

2,827 2,947 2,878 

2,300 2,400 2,300 

20 20 25 

1,146 1,150 1,150 

1.93 2.18 2.07 

0.90 1.00 0.90 

0.445 0.488 0.501 

3.61 3.62 3.80 

92.8 93.3 93.7 

134 140 133 

437 437 424 

62 57 63 

499 494 487 

499 492 49S 

1,7 7.6 8.8 

O.S 0.6 0.0 

1.521 1.540 1.374 

4.47 4.SS 4.46 

0.69 0,68 0.61 

0.0» 0.034 0.032 

22,1 21.6 21.4 

21.0 22,9 21.7 

3.2 3.2 3.3 

!.05 0.94 0.99 

•*"•-'* —""*•- 



Throughout the «perii««, the use of the formed coke caused 
no trouble in the operation of the blast furnace. 

However, with the increase In the quantity of foamed coke, therewas a sn.ll 
rise ,n blast pressure. This wa, caused by the fact that the size of 
the formed coke was sn»71»r thai of the conventional one. 

8^.5 ,__ J^conomy 

'Aie pooüibiiity of foinn, rcia! v.,, of f,JrBWd »0]ce proeea* depend, upon 
its products cost. if tjtdre is M large differencc ^ ^ pro. 

auction cost between conv.ntiot.al coke and formed coke, it may be stable 
for practical use. 

W. Peters'   -1 says, .. Thorough examination of the costs of formed 

coke production in large units leads to the conclusi«! that distinct advan- 
tages are above all offered 

when:  0) low-volatile co.il^ are available or 

(2) cheap high-volatile coals are available or 

(3) volatile matter to the extent of 6 I can be permitted 
in the colee." 

1. Soubrie/n> „avs " Capital investment for formed coke plant is 
10 t more economical than that for the conventional coke plant, but the 
formed coke process will he more expensive in operation cost.  ... 

Finally, we must take into account the advantage for furnace operation of 
using a siaed ami dry ceke, and the élimination of air pollution « 

According to our calculation, the capital investment of the DKS form- 
ed coke process may be 10 to 20 % rmrre economical than that for the con- 

vwtionnl coke ovens, when the coke production ancunts to 30,000 torn, per 

month or more.        Furthermore, the operation cost of this process i« 

nearly the sa»« or a little lower than that of the conventional process. 

1« any ««.., whenever a new coke plant u installed in the future, 
it Bhouid be decided to .adopt the eonwati«»! method or a nt* pro*.,. 

only aitar »tudyin* the future en««* «ituatia« oi the eoantry conexned. 
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9. NEW CAKING COMPOUNDS 

In Japan, new reswrches are being carried out to product caking 
«tteri.1, fro« various petroleum oils, in order to cope with the shortage 
in resources of good coking coals, and there «re at pr...„t two «.thod.. 

One is  the research of production of the synthetic coking cotí carried 
out by the National Research Institute for Pollution and Resources• 
H» characteristics of esthetic ookia« co.i w. 8w ln ÄW, ? Md* 
Wg. 14. 

M^J^-g^^tÇristiçs of Synthetic coking coal 
and a hard coking coal 

Ash (I)   
Volatile »tter ÍI) --- 
Fixed carbon (*)   
Cnwible Swelling Nuriber 
Coke atrenfth, •!$ m - 

Synthetic 
coking coal 

0 
12.6 
87.4 
8-1/2 

94.3 

ItMnn coal 
( U.S.) 

6.2 
18.0 
82.0 
8 

92.S 

Alímorw cokjno eoo) 
BJ:9ynthotfc eofcino cool 

300 400 500 
Tompiroturt (#C) 

W*. 14 - Fluidity of eynth«tio ooking coal 
of l*rper»,ur« 

»• a fwiotion 

UWE dHWUHlEi ÊÊÊ WÊÊÊÊÊm'm it'-'íám',-mmií^- •• Jl 
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The other is the research of product ion of proved coal(13) which is 
carried out jointly by Sumitomo Meta] Industries, Ltd. and Kureha Chemical 
Industries, Co. 

This is a method taking advantage of the characteristics of the pitch which 
is obtained as the result of crocking of oils at a high ttmwntu*. 
This pitch has the chavucoori:tier shown in Table 8, and has the right 
prcpertiea to ijwprove the coking properties of coals, when it is blended 
into non-coking coals, as shown in Table 9. 

I^lli^gigyig^tlcs^of.jgjjhgg frow oil and coal pitch 

Feed stock of pitch 
Ash (I)   
Volatile witter (t) 
Fixed carbon (*)   
Crucible Swelling Nueher 
Flow point CO   
Hydrogen / Carbon  
Benzen Insolubles (!) 
inoline Insolubles (%) 

Table 9. 

I Blending ratio of Pitch (%) 

He^iniL_effects.ofj>itçh^.A9_yaHous Jdndjafjçoals 

Semi-hard coking coal (AÌ 
Semi-hard coking coal (BJ- 
Soft coking coal CA) 
Soft coking coal (B) 
Poor coking coal --•- 
Anthracite (A) 
Anthracite (B*) 
Seed-anthracite 

Note: CD. Figures show a index of the coke strength measured 
by .TIS method ( Drum index, • 15 mi.). 

(2). The index of coke strength for blast furnace is 
necessary more than 91.S. 

(3). " X " raark shows that the coal blend was not coking. 

Table 10 shows the coking properties of the Inproved coal which is 
obtained from the mixture of and non-coking coal.     it looks mich 
like those of the low-volatile coking coal. 
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Table 10.     C<*i^ properti^^f Iiyroy^ ç»^ 

Blend No. 
Used coals: 

Low-volatile coking coal (I) --• 
Medium-volatile coking coal {%) 
High-volatile coking coal (I) -• 
Improved coal (I) - — - •• 

Analysis of coal blend: 
Volatile nutter (I)   
Cimaiole Celling Number 

Coke strength: 
Druw index, + 15 ran (II 

25.0 
5S.0 
20.0 
0 

26.9 
4 

-- 93.1 

0 
55.0 
20.0 
25.0 

26.6 
3 

93.8 

This Pitch is scheduled to be produced from asphalt ( vacuum residue ) 
on an industrial scale from 1975 in Japan, 

These attest to produce now caking materials from petroleua oils aTe 
a useful way of relieving the expeotefc ehortage In hard ooking ooal of good 

quality in the future. 

10. Conclusion 

CoKing coal raetrvee ai*«  one of the most important factors in predicting 
the future of coking technology   The total reserveaof coking coal ovar 
the world are reported to be 928 billion tonsf-14\ to the assumption that the 
world consumption of coking coal amounts to 590 million tons per year, 
the tresarvue co vex- a^nand for about JoO years. 

However, in the lajt. few years, it is said that the reserve of low- 
volatile coking coal has been scarce.   This ia because low-*olatile 
coking coal in only to b* rouai in a few areaa in the world. 

Although   official reports have   been aade about the reserveaof each 
kind of coking coal all over the glob«*, the r*n«rv»*>f low-*olatile hard 
coking coalar« believed to be extremely scarce as compared with the total 

reserve*of coals. 
On the other hand,   iron and steel production all over the world 

is expected to reach 790 million tons in 1975 and 994 «Uli« ton» in 1980. 
The anticipated    coking coal requirement for various purpose», in- 
cluding steel production's 1,000 milJion tons in 1980. 

-a.     „~ ^^JÉf^Ai^ mÊÊÊÊ mm rimmel mm 
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Under these conditions of demand and supply for coking coti, develop- 
ments in coking teclmology in new fields, are needed.        Above all, the 
develop* nt of formed coke process and new caking materials are signifi- 
cant. 
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