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SUREARY

In goneral, good cuking coal is expensive, whilst non-coking
coal is cheap. This is dependent upon the geological distribution
of ihe coal deposits and the supply conditicns in the coal market.

On the other hand, the demand for coking coal that is higher
in gquality as well as lower in price continues to increase decanse of
the rapid growth of the worid iron and steel industiry.

P

in order to resolve this contradiction between price and quality of !
coking coals, a cunsiderable amount of research and development effort
Laz been made in the field of coke production. '

The present paper gives practical examples of the research and
developmert carried out in this field in Japar, including the selection
ot coking eocals, pre-iresiment of coal charges, increase in the sise
of ocoke ovens, the use of formed c.ke, and new caking materials.
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1. INTRODUCTION

Coking technology covers a very wide {ield; however, this paper
will deal only with coke for blast-furnace use,

At first, it is essential for the coke of blast furnace to be heavy-
duty against impact, abrasion and high tempersture and to be strong enough
to keep its shape while it comes down from the top to the bottom of the
furnace. Secondly, the content of impurities such as ash, sulphur, and

phosphorus 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 sre 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 part 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 te lower. On 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 Tesearch and development in the field of coke production.
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2. _IRON PRODUCTION IN JAPAN

The total production of iron was less than 10 million tons wntil
1959, but the huge demand for iron ard -tecl after then increased the
production 1o vor TG mi) il tons 1o 1071,

In the same time, blast furnaces increassd in size, and there was remark— .
abie progress hringing high productivity and lower coke ratio, with
improvements in the quality of burden, the realization of high temperature
blast, high top pressure operation, fuel injection and oxygen enriche
ment ol the blavt.  Phase dovelapments are shown in Fig. 1 and 2.

3. CONSIMPTION OF COKING COAL IN JAPAN

In Japan, before 1945, the coke for blast furnace uge was made from
the blend of Chinese and domest ic coking coal, but its quality was not high
anough.

After World War II, the improvement of coke quality became essential
for the increase in the production of iron and steel,

To gain this end, the import of the US hard coking coal of high quality
was started in 1948, As 2 result, the ash content of coke Was greatly
reduced, yoe-ning about 10 § in 1958, with the decreased ash content of
also the domestic soft coking coal. At the same time, the strength of
ceke was improved,ciosc to the present level,

With thz further increase in the production of iren and steel, coking
70als from Australia und Canada were also imported.

In 1971, the consumtion of coking coal for iron production amounted
to 55 million tons, and the sources of these coals are as follows: -
US---34%, Australia---294, Canada---12%, USSR---43, Poland- --2%, Domestics
---19%.

The progress of the growth is shown in Fig. 3,

4. DEVELOPMENTS OF COKING TECHNOLOGY IN JAPAN

The development of coking technology in Japan has been influerced by
the consumption tendency of coking ceal.

During the restoration period of the Japanese economy after

War II, it was neuessary to bring up and expand at a high pace the coal
industry and the iron and stcel industyy,

|
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Pig. 1 ~ Development of iron produotion in Japan
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dom:stic coal.

However, the production of hard coking coal in Japan had been very
little and the deposit of *his coal was almost exhausted. Most of the
coal produced was soft coking coal of high volatile content.

As the result of many kinds of research, it wes corcludeo that
the most suitable coal to Cover the poor strength of the domestic coking
coal was  U,5. hard coking coal of low to medium volatile content.

After 1957, Australian and Caradian coking coals were imported to
reduce the cost of coke. However, these coals contain mxch more inert
materials than the US and the domestic coals, and such inert materials
exist mainly in coarse particles of the coal.
hhen such coals are used for coal blending in coke oven, the strength of
coke naturally falls. The fall of coke strength could be compensated
by mking some suitable treatment before the coal 15 charged into coke
oven, The methods for the pre-treatment include further crushing,
selective crushing, dry charging, briquette charging of coal blend.

They were adopted into Japaresec coke~plan practice, with good results,

On the other hand, coke ovens became larger as biast furnaces increesed
in sige. imtil 1960, most of the Japanese ccke ovens had been 4
meters high with the charging quantity of aboirt 15 tons per oven,

In 1965, a 6 meters high coke-oven battery was constracted for the first
time and new ovens after then were almost more than 5 meters high.

With the enlarged coke ovens, the charging quantity of coal per oven was
incressed to about 35 tons.

Along with the enlargement of coke ovens, carbonization time was
greatly shortened. The carbonization time was usually 4 hours per
100 mn of oven width, but nowadays it has shortened further to 3.5 hours.

It seems that for conventional coke ovans the limit of development
has been reached with the improvement in pre-treatment tech-
nology of coal charge, the enlargement of coke ovens and the increase in
productivity of coke ovens, _ . o

So long as the conventional coking method is employed, coking coal,
especially hard coking cos) of good quality is absolutely necessary,
However, hard coking coal of good quality is deposited in some limited
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areas on the earth, and the resources of it are tending to become exhausted,

Therefore, we are compelled to develop new technology in the field of coke

production. Non-coking coal is more sbundantly deposited than hard

coking coal. The experimental use of non-coking as a part of coal blend

for production of metallurgical coke has been carried out by many countries

all over the world, In the conventionaj coking method, even if .the use

of non-coking coal is possible by the adjustment of coking properties in

the blend,the ratio of non-coking coal is said to he about S% at maximem.
Other than t}e conventional coking method, formed coking method is

regarded as iy, nost pr-omiiing. This method permite the ume of non-coking

€03l more than §0%, This method has not yot been applied commercially on an

industrial scale, but it is expected to be realjzed economically in

several years,

Recently in Japen, strong caking materials
similar properties to hard cokin

for the production of coke.

This method will be commercialized on an industrial scale in o few years
after the present developzent stage.

from petroleum, with
g coals of good Quality, are being tested

5. SELECTION OF COKING COAL

There are varinus methods of classifying coals.
method orASN(U, for example, is shown in Table 1. ,

The coking coal is classified into three types, 1., lowevolatile
bituminous coal, mediuivolatile hituminous coaly. and high-volatile
bituminous coal. It is also usually classified into hard coking coal
and soft coking coal in accordance with the strength of produced coke,

In order to decide what kind of coking coal is used as a cosl cherge

for coke ovens, it is Decessary to know the caking characteristics of
| each kind of coal.

The most important 'fictor is the strength of coke, when it
nized, The relations between

Tie classification

n temms of eoldng properties,

The coking properties of coal depend on the content of volatile materials

and the fiuidiy.
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In general, a coal containing less inert materials has high fluidity
under the same degree of coalification. The fluidity of high-volatile
bituminous coal is higher than that of lowvolatile bitiminous cosl, as
seen in Fip, 4, The coke made from high-volatile coking coal is weak
in strength because of many fissures ( Fig. § ).

The use of low.volatile coking coal in coke ovens cause their walls to
break bdecauee ot the strong expansion pressurc of the coal.

Therefore, it is nécessary to mix at a suitable ratic, as a regular
practice, high-volatile coking coal with low-volatile coking coal
in order to produce high-strength coke of good quality,

The blending ratio is dependent on experience in most cames.

In Japan, for example, the following has been understood as a rule in
blending coals for the produce of coke. Nemely, when the coking
Propertiesare represented by the two indices of volatile matter and fluidisy,
ecal blende within the rarge shown as "oharging coal™ in Pig. 6 are most
suitable, .

In recent years, howewor, there have been attempts in My countries
to show the coking properties by means of cosl petrography.

Shq'ph'o's(z) research is one of the most conspicuous attespts and is nearly
& completed blending rule as far as the coals of US origin are concerned.

In case of Japan, coals from many countries are used at various mixing
ratios, so that Shappiro's blending rule can not be applied without
soms modification. Y. Oluyana uy?" Various coking coal can be strati-
fied by two parameters -- Reflectance of Vitrinites and Gieseler maximm
fluidity of coal --. This stratifing system is useful to pre-evaluation of
coking coals, especially in the case of large quantity of sample cannot
bo obtained."

It is important first of all to know the coking properties of coals
availsble, if you want to produce coke for blast furnace in your country,
Secondly, you should determine a target value of the strength of coke.

Tt will naturally determine kinds of coal and contents of coal blending
accordingly.
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In case tlurearesonallnitationsontm. you should try to improve
the strength of coke by the use of pre-treatments of coal hlends.
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S. _PRE- TREATMENTS OF ONDAL BLEND

6-1, Selective Crushigg of Coals

Regarding ryjes for the composition of industrial coa; blends, D, w
Van Xrevelen (4 S8ys as follows:

blend decroases, On the other hand, at higher temperature they 'should
contract jn preferably the sume "y as the other coals, If they do not,,
it is recommendable to 8rind them very finely "

m)
8 & e

Coke strength (Orum Index |

@
i
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coorse <2Bmm 75%

fine <Q6 mm 100 %

Pig. 8 ~ Relationships between crushing level of coal
and ooke sirength
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Coking Bropertios some s imes vary
even if they are Produced from the s
m Fig, 8, In some case:

aid on the other hand, there
increaue,'

depending upon their particle sizes
ame Jdeposi+, This is tllustrated
» finer purticles increase the coke strength,
are some coals whe
even with fine Darticles,

Such a Phenomencn |« taxlersrond
The coals in which j

3¢ vtrensth coes not

45 follows: -

rdated are usuglly hard and
. T3y Cause cracking  and spoil the coke

Strength,

On the other hand, cogls with less ineyt materials are easily gromd, so
that the Structure of coke from these coale becomes homogeneous and
the coke strength is imroved, 'Ihcrefore, it i« necessary to grind

finelv coals Centaining nuch inert materials and ¢o scatter the particles
uniformly into the cohke Structure,

From the Viewpnint ment
were carried out on the crushing method of coals ;pn Japan where coking
coals of high jpers mterial contents have been ;

For example, an effective Crushing
WOTAS of Sumitomo

oned ahove, several kinds of improvement

Lersasingly umed.

method is being uged by the Kashima
Metal Industries, Ltd. which installed g screening equipe
hing process of coke plant.

}:18- 9 shows the flow daewran ot the

“08L preparation piant 5t Kashima,

Coal bunw I

(St coa)

ord oont) 14 f o o
(Hord cool ) L

{Hord ooo )

S

!

————— e l‘-—H Crusher o<
10 conl tower

| Crusher
Coal bunier I T

Pig:e 9 « Flow diagrag of coal Preraration plant at Kushimg
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6:2. Dry Charging

It is commonly known that the decrease of moisture content in coal
charge increases the bulk density of coal charge, and it
ments in coke strength,

results in improv-

In 1965, 4 large scale experiment was carried out on bulk den-

sity of coal charge by The lron and Steel Institute of Japan, and Flg. 10
shows the results(s).

AO.BOL‘
i
.‘; Coaree coel
& armol
i-; Fine coal

[ T S T
060, 5 i0

moisture (%)

Fige 10 - Reiationship between moisture oontent in coal and
bulk density

In 1968, & coal dryer of 300 tons per hour was constructed in the

coke plant at the Fukuysma works ot Nippon Koksn K.X. and coal drying
started from Devember o that Yyear.
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From the resulcs “’), the decrease of moisture conten: from 8tto4.sSy
of the coal charge courld UK rease Lhe quantity ui coal charge 1nto coke
ovens hy 7 §, shorten the carhonization tine by 3 4,and raise the
productivity of coke ovens by [0 3, Gieod results were obtained also in
improvemer+ of coke strength and wiformity of coke size.

6-3. Briquette Lha_rg_gg

Brijuctte Sargine ag org meRyl fage 1noroviag soke *renygth,

Two methods are used for briguette charging, One is to charge the
total quantity of coal charge in the shape of briquettes ineo coke ovens
without using binder. This method has been carried out for many
years at the Volklingen works of Roehlingsche Liisen und Stahlwerke Gabi{,
West Germany,

In Japan, an industrial.-scale experiment of this method was carried
out for two years from 1965 by The Iron and Steel Institute of Japcn") .
\s the resuits, it was found that the quantity of :oal charge has incrense
by 15 % and the hard coking coal in the €oal charge can te reduced by 12.
15 &,

In thie methad, however, coal briquettes are eisily broken during
charging into coke ovens and there are mary problem in putiing it to pragti-
cal use in a large scale coke plant. For this reason it could not be
adopted :n Japan.

In another method, a part of Coal charge is made irto bhri-
quettes using a binder, and then the coal briquettes are charged into coke
ovens after mixing them with the remiining coal charge,

This method has dlreaay been Operating on a commercial scale at the
Tobata works of Nippor, Stee? Corporation since 1971, and the effect of
hrtquetting 30 % of coul charge has been reported as follows (8):-

(oke strength increase by | g 4 %, depencent on type of coal.
If the coke strength is fixed, about 10 § of the coking coal can be Te-
Placed by ncn-coking coal, The bulk density of the coal charge is ipn-

Creased by approximately 8 %, Fig. 11 shows the block f1low diagram
of this coke plant,
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7, ENLARG : OVENS

In Japan, hlast furrace have hee: gosting largcr and larger in volure,
and today there is one large furnace with excesds 4000 cubic meters,
for which ahout 5,000 tons per day of coke are necded.

The production capacity of coke oven is determined by the mnbor of
ovems, carbonization time and the inner volume of oven chamber. 1

Since there is a lower 1imit to the carbonizing time, it is nncesury
to increase the number of oven or the inmer volume of oven chambemso that
the coke output can be raised. The former requires larger srea and more
workers although it is easy technically. .
Therefore, the latter hus Leen adopted in many cases in Japan.
Fig. 12 indicates a typica) relation between coke requirements and oven
mubers.

300} Oven hight

IOOO 5000
Coke production ("'/n)

Pige. 12 = Relationship betwcen coke vequirements and number
of oveus
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There were many technical problems in the enlargement of coke ovens
in order tu maice &lequate equipment of uniferm combustion system.
However, they were completsly solved Ly the improvement based on long
experience, and then the 7.125 meters high ovens were installed at the
Kashima works in 1971. Table 2 shows the operating data of theae ovens,

Table 2. Operation data of the Xashima No.l coke plant

Nusber of ovens --------ceecnimienn cencaia.. 1(').8”—“.‘
| Oven Leisht (meters) -------- “ecreecs-ccceconnenann 7.125
i Oven length (meters) --------------- teeeecaiiacan 16,50
Oven width (meters) ------- R SRR LA RTEL ST 0.46
Bffective inner volume (cubic meters) ----------- 47.70
Coal c.harse (tons per oven) -----e-e-ceeeicennann 38.30
Carbontzation time (hours) - -----c---v-ceuccnaen. 17.1
Mean flue temporature (°C) ------«--ee-oceoene 1,362
Heat consumption (k.cal.per kg.) ------ ~esecsce- 686
. Com) analysis: total moist (§) --------ccvceceeee 8.7
! ash (§) ------c-cevcncneen. ~ee---- 8.0
volatile mattor (§) ------<------ 9.0
total surphur (8) -------ccc-een-n 0.54
grain size (% of -3wm)------- wee- 77.8
. Screen analysis of coke: + 100 s (%) ------v---- 4
100 - 75 (8) ---veeee 21
75 - S0 (8) ---eoo-e-- »
50 - 25 (§) -<-ecmee-e 29
= 28 (8) ccccocec--- 7
Coke strength in JIS method: + 50 mm (%) -------- 25.4
+25mm (8) -------- 85.6
+15mm (8) -------- 92.4
Productivity (tons per oven per day) ------------ 371
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8. FORMED COKE

8-1. "Production nroce

(14
by

23~

¥uoh reacarch has been carvied out on formed coke in many contries
s for the purpose of produc-

oveD A long Periovd.
ing formed coke for the blast furnace are shown in iable 3.
They are roughly classified as
carbonizing.
Therc are two methcds for briquetting of coals,i.e. briquetting with
a binder such as pitch at a temperature (more or less 100°C) - tine
cold briquette method, and briquetting without a binder at a high temper-
ature (350-450°C) to melt coking coals blended - tne hot briguette

method.

The Praacipa. Processe

triquetting and

There are also two nethods in the carbonuatmn of coal briquettes,

direct heating
heating through firobmcks, as in

with gas or sand at a high temperature and indirect
the conventional carbonization.

The advantagon and diaadvant-agen of these processer are shown in

™hle 4.

Jable 4. Fvaluation of production processes of formed coke

T Coal briquetting Carbonizing
Cold Hot Direct Indirect
Engineering of
Short car- |the conven-
bonization |tional coke
Advane Production No binder time. " | ovens is appli-
tages process is required. Fewer work- | cable.
simple. rs. No air | High calory of
pollution. |emitted gas.
l - -1
Needs equip- High main-
Binders are ment to with: tenance Long carboni-
Disad- - stand high cost. low
vantaged SOV temperature. calory of ution tine.
. ' enitted gas,
- | A




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 may be outlined

as follows:-

(1) Briquetting not only makes the distance between coal particles shorter,
but also makes the particles more powdery, increasing the surface area
of reactive materials in the coals. Such resctive materials give cost-
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 size of raw coel dependsupon its coking proper-
ties, but fine particles are preferable to get higher coke strength.

(4) Volatile matter content and contraction characteristics of the coals
sffect  coke strength.

(5) 1f there are too many reactive materials in raw coals, the formed
coke fuses together.

Before adopting a formed coke method, it should be checked whether
there is any difficulty to obtain the raw coals.

As aforementioned, it is necessary to select suitable coals, as in the cone
ventiomal coking process. However, there is a wider range for select-
ion than the conventional one becsuse much more non-coking coal can

be used. The resources of nron-coxing cosls are sbundant, and a
large quantity of petroleum coke can also be used.

When a suitable coal is found, the caking characteristics should bde
examined first of all. At the next stage, experimental production of
formed coke should be carried out using individual coals or coal
blendsmixed at various ratios. By examining the quality of the pro-
duced cokeit 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
method and & carbonizing method of coal briquettes are determined st the
third stage.




As for the briquetting method, we would recommend cold briquetting
which jermits €asy operation of the equipment.

With regard to the coking method, there are many processes, as already
mentioned, but these processes have not yet bvee: commercialised.
However, we think that the indirect carbonizing method has
in engineering of facilities.

8-4. Use of formed coke into blast fumsce in Japen

About 14,000 tons of formed coke was used on trial at the Xokurs works
of Sumitomo Metal Industries, Ltd. from December, 1971 to April, 1972.
The blast furnace used for this experiment has a imner volume of 1,350
cubic meters and produces normally 3,000 tons per day of iron.
The formed coke made for this experiment was produced by a medium scale
equipment at the Osaka Coke plant .of Keihan Rentan Kogyo Co., Ltd.
The production process of this plant is shom in Pig.13, The quality
of this formed coke is superior to the conventional coke as shom in Table
S. The operation data of the blast furnace during the experiment is
shown in Table 6.

Proximate and ultimate anslysis:
Total moisture (§)------ccccacecaca.e

Ath (§)---<--cesssermmcnnnnmrmennnne.
Volatile matter (3)

Fixed carbon (§)----=-2c22cz-eooooee

Mechgnical st :
JIS's Drum I +
ASTM's Hardness <

Tusbler Index at 1,

50-

25-1

-1
Porosity (8)----e--cccccccccacnnncn.-..
Routitvz ) fty-ccercececoacaaancn...
Reectivity by 0 gas (3,weight)-------- |

g e e sl v i
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iable 6, peration data of the tlast fumace wsing _ formed coke

o LS e e s e e s et e et s oo oon

!
. D T

Operating period Normal base Formed Coke Formed Coke g
Mutput of pig iron ( tons/day ) 2,827 2,947 2,878 |
blast volune ( Nfmin. ) 2,300 2,400 2,%0 |

3 fariched oxygen volume ( Mid/min, 20 20 25 |
Llast temperuture (C ) 1,146 1,150 1,150 sf

]mast pressure ( ky/om') 1.93 2.18 2,07 :

g'l'op pressure ( kg/em*) 0.90 1.00 0.90

Pemmiability index ( PAV ) 0,448 0.488 0.501

iCre to coke rate 3.61 3.62 3.0

| Sinter content of burden (%) 92.8 93.3 93.7

| umber of charges per day 1 140 133

f(’oke ratio ( kg/iron ton ) 437 . 437 424

iHem.ry oil consumption ( ‘kg/iron ton ) 62 57 63
Total fuel ratio ( kg/iron tom ) 499 494 487

! Total fuel ratio after correction 499 492 495

[ ( kg/iron ton )

;Dust in blast fumace gas ( kg/iron ton ) 8,7 7.6 8.8

gNuﬂ)er of slip ( times/day ) 0.5 0.6 0.0 [

| onditdon index of blast furnace 1,521 1.540 1.374 |

foonwnt in iron (§) C 47 4,58 4.4 |
Si 0.69 0.68 0,61
§ 0,030 0,034 0,032
Content in blast fumace gas (3 ) 22,1 21.6 21.4
c0 21.0 22,9 a7 |

| H 3.2 3.2 3.3 Qa

o ” ) } Oizlmz 1,08 0.94 0.99 {




g

Throughout the experiment, the use of the formed coke caused
no trouble in the operation of the hlast furmace,
However, with the tncrease In the quantity of formed coke, therewas a small
vise in blast pressure. this was caused by the fact that the size of
the formed coke was smaller than of the conventional one.

8-5.  Lconomy

itie POUGAPLLLLY of zomne roial 1ae of formed ~cke brooesn depends urcn
its production cost, If there is no large difference in the pro-
duction cost between Conventional coke and [oymed coke, it may he guitable
for practical use,
W. Peters'10) says, ' Thorough examination of the costs of formed
coke production in large units leads to the conclusion that distinct advan-
tages are above all offered

when: (1) low-volatiie coals are available or

(2) cheap high-volatile coals are available or
(3) velatile matter to the extent of 6 § can be permitted
in the coke .

L. Soubrier(!l) savs ' Capital investment for formed coke plant is
10 % more economical rhan that for the conventional coke plant, but the
formed coke process will he more cxpensive in operation cost. ...
Finally, we must take into account the advantage for furnace operation of
using a sized and dry ceke, and +the elimination of air pollution.”

According to our calculation. the capital investment of the DKS form-
ed coke process my be 10 to 20 % more economical than that for the con-
ventional coke ovens, when the coke production amounts tc 30,000 tons per
month or more. Furthermore, the operation cost of this process isx
nearly the sanme or 4 little lower than that of the conventional process,

In any care, whanever x now coie Plant {s installed in the future,
1t should be detided to adopt the conveniicual method or a hew process
only after studyinz the future enexyy situation oy the country concerned,




9, NEW CAKING COMPOUNDS

In Japan, new ressarches are being carried out to produce
materials from various petroleum oils,
in resources of good coking coals, and

One is the research of

~29-

caking

in order to cope with the shortage
there ure at present two methods,
production of the synthetic coking coal carried

out by the National Research Institute for Pollution and Resources(12).

The characteristics of syuthetic cokiag coal are shown in Table

Fieo 14.

Table 7. Chavacteristics of Synthetic coking coal

Aand a hard coking coal

Synthetic Itmann coel
cokin!_coal ( U.8.)
Ash (8) --ccooemmnn.. ' 0 6.2
Volatile smtter (%) --- 12.6 18.0
Fixed carbon (%) ------ 87.4 82.0
Crusible Swelling Mumber 8-1/2 8
Coke strength, +15 mm - 94,3 92.5 _

- N W b N

Fiuidity log.(DDPM)

A:l¥monn coking coel

" B : Synthetic coking cool

300 400

500

Temperature (*C)

Fig. 14 - Pluidity of synthetic goking coal as & fwiotion
of temperaiure
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The other is the research of production of Improved 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 crucking of oils at a high tenperature,

This pitch has the characreri: ticr shown in Table 8, and has %he right
preperties TO improve the coking propertics of coals, when it is blended
into non-coking coals, as shown in Table 9,

Table 8. Characteristics of pivhies from o1l and coal pitch

Pitch-A Pitch-B coal pitch

Feed stock of pitch -------. Crude oil Asphalts Coal tar
Ash (8) -eccceemmnn L 0.1 0.1 0.1
Volatile matter (8) -------- 34 40 S0
Fixed carbon ($) ---------.. 65 59 49
Crucible Swelling Number --- n.d. n.d. n.d.
Flow point (°C) ---vcoenaaant 210 200 75
Hydrogen / Carbon ---------- 0.79 0.85 0.62
Benzen Insolubles (%) ------ A3 48 16
Quinoline Insolubles (%) --- 30 20 4

Table 8. Blending effects of Pitch to various kind of coals

Blending ratio of Pitch (%) 0 5 10 20 30

Semi-hard coking coal (A)-- 9z.0 9.9 93.0 93.2 93.6
Semi-hard coking coal (B)-- 91.7 92.6 92.8 93.2 93.2 ;
Soft coking coal (A)------- 75.4 77.0 81.5 84.2 87.7 ‘-
Soft coking coal (B)------- 88.4 92.6 93.6 95.4 94.9 .
Poor coking coal ------. ... 36.0 77.1 91.5§ 93.3 cee-
Anthracite (A) ----- .- SEEER X X X 57.7 88.2
Anthracite (B) -------o---. X X 15.8 86.8 93.2
Semi-anthracite--------.... X 3.0 40.2 92.3 92.7

Note: (1). Figures show a index of the coke strength measured
by JIS method ( Drum index, + 15 mm.).

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

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

Table 10 shows the coking properties of the Improved coal which is
obtained from the mixture of and non-coking coal. It looks much
like those of the low-volatile coking coal.
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Table 10,  Coking properties of Isproved coal

Blend lo. 1 2

Used coals:

Low~-volatile coking coal (%) ------ -- 25.0 0

Medium-volatile coking coal (%) ---¢-- 55.0 §5.0

High-volatile coking coal ('.; aee-fee 2000 20.0

Improved coal (%) ---*-e--v-vreoe=- -- 0 25.0
Analysis of coal blend:

Volatile mtter (§) -------=-------1-- 206.9 26.6

Crusible Swelling Number - --------- 1-- 4 3
Cokc strength:

Drum index, + 15 mn (§) -----------4-- 93.1 03.8

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

These atterpt to produce new caking materials from petroleum oils are
a useful way oi relieving tha expecter shortags in hard ooking ooal of good
quality in the future

10. Conclusion

. Coxing conl reserves are one of the most important factors in prediocting
the future of coking techn>logy.  The total reservesof coking coal over
the world arc reportcd to he 928 billion to.v:n‘) On the assumption that the
world consumption of coking coa! amounts to 590 million tons per year,
the weserves cover aemand fur about 160 years.

However, in the la:t few years, it is said that the reserve of low-
volatile coking coal has been scarce. This is because low-volatile
coking toal is only to be Jouad in a few areas in the world.

Although official reports have  boen zade shout the reservesof each
kind of coking coal all over the globe, the reservesof low-yolatile hard
coking coalare belisvecd to be extremcly scarce as compared with the total
reservesof coals.

On the other hand, iron and steel production all over the world
is expected toreach 790 million tons in 1975 and 994 million tons in 1980.
The anticipated coking coal requirement for various purposes, in-
cluding steel production,is 1,000 million tons in 1980.
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Under these conditions of demand and supply for coking cosl, develop-
ments in coking tecimology in new fields are needed. Above all, the
developm:nt of formed coke process and new caking materials are signifi-
cant,
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