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                             1. Intretiuction.

    Production of coke of a quality and wiih characteristics best suited for blast-

furnace purposes, and manufactured entirely from Japanese cal<ing coal alone, is a

problem which presents acknowledged difficulties.

    Only a limited portion of Kyushu cal<ing coal is, by iteself, suitable at the

present time for producing a good coke which is sufficient}y strong to meet the

specificationsofblast-furnacepractice. ･ ･
    Before the war,'North Chinese coking coal was imported for the purpose of ble-

nding. The requirements of the blast-furnaces in Hokl<aido were served by blending

imported coal and semi-coke with Hokkaido coal. After the conclusion of the war

it became extreme]y desirable and an economic necessity for Japan to develop

technical means for producing suitable coke from her own natural resources thereby

eliminating the necessity of importing coal at prohibitive costs, considering the volume

required to supply the dem,and for iron production year by year.

  - The Japan Iron and Steel Company by its method of testingee produces with

}Iokl<aido coal a col<e which has an indicated "drum index" strength of 75. This

is considerably lower than the drum index of 92 which is registered by coke ' pro-
duced from impyoted coal. .This ditferggce is due to excessive developrnent of

'* 10 kilos of an average sample of coke above 50 m.m. is stibjeeted to the action ofthe drumofwich

  the length and diameter is 1,5'OOm,m･ The druin revolves at l5r･ p･ m. and the test is carried out

  for two minutes, In the side of the drum there are riveted six pieces of plate steel wich protude

  2sO m.m. into the drum. The coke aftef the drum test has been carried out is divided'into the

  fraetions; above 50, 38, 15 and 6m.m. Tb.e drum index is indieated by the fraction above 15m.m.
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columnar structure of the coke t'rom Hol<kaido coa], resulting in the production of

"fingery" coke.

    Several Investigators up to fthe present time have applied all available scientific

data on the subject of coal carbonization to the problem of producing the coke

best suited for blast-furnce use from Japanese coal. Various types of problems,

however, seem to remain unsolved as yet especially in connection with Hokl<aido

coal.

    The present invest{gation, therefore, would be a milestone along the road in

an effort to arrive at the upper limits of quality of the coke produced from Hokka-

ido coal by means of through study re]ated to characteristics of the cal<ing proper-

ties of Hokkaido coal, and this paper is one of these efforts to be further continued.

    In Hol<kaido, caking coal is mined almost entire]y from the low coal bearing

group in Ishikari coal field and a little is obtained from the Kayanuma coal field.

In view of quantity and quality, Yubari coal is recognized as a representativ22 Ho-

kkaido caking coal. Most of the experiments in this investigation, therefore, have

been carried out with Yubari coal.

                        2. BenzeneA'Prtissure Extra6tion ,

    Of the many methods of studying the caking properties or caking constituents

of coal, solvent action is one of greatest interest. To many investigators solvent

action has appeared of value. An indication of the interest displayed for this phase

of coal research can be obtained from the large number of papers which have been

published embodying the results obtained froin extractionO of coal from almost every

deposit of signi,ficance.

    The work of DeMarsilly, in generally, is recognized as the first to extract coal

with solvents referring to the cal<jng properties and the later works have been

essentialy summarized by Kiebleri'.

    In this research the benzene-pressure extraction was carried out in order to

confirm the theory2) that £he caking properties are affected not only by the extract

but also the extracted residue. '
                                Table I
                    Proximff.te..Analysis ald.ResulS drom Extracti.on

Coal L Proximate Analysis

No.
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 3
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 ........................ I.
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    Table I shows the proximate analysis of the coals tested.

    The test procedure was as follows:

A bag made of glass cloth protected by 325 mesh-sieve-netting was charged with

50 grams of coal, passing through 65 mesh, and then suspended from a lid of a

500c.c. vertical autoclave. The extracti(m was canied out repeatedly, in the usual

manner, at 2500C for 3 hours with 350c.c. of benzene in the autoclave.

After both the extract and residue had been dried up in vacuum, yield of the

extract was calculated in percent.
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    1. Coal I.
    2. Residue ot coal pressure-benzene
    3. Residue of residue 2) extracted at 2r"O"C lor 9 hours,

    4 Residue of coal I extracted with tetralme at 25)eC tor 20 hours alter extraetion

       with benzene at 250"C 15 hours

    5 Coa1 2.
    6. Residue oi coal 2 extracted with fenzene at 25SC for 15 hours

    Z Residue 6) mixed with 10% of extract of coal 3
    ,9. Residue 6) mixed with 10ge of extract of Loal 2.

    9 Coal 2 oxidized with air at 17u"C for 3 hours

    lti. Coal 3.

    n. Mixture made up of residue of coal 3extracted with benzene at 25)"C sorg
      hours and 5% of extract of coal 2.
    Iz Mixture made up of extracted regidue of coal 3 heated with hydrogen of initial

       pressure of 30 atm. at 25J"C for 3 hours and 5% of extract of coal 3.

    13 Mixture made up of extracted residue of coal 3, alter treated as 12). Yeated

      with hydrogen of initial pressure oi 100 atm at 25)"C for 3 hours and 5% of

      extract of coal 3.

 button obtained from following coals, extracted residues,

residues remixed with extract.

Iextracted with at 25u"C for 15 hours

1
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     Determination of the cal<ing properties of samples was arrived at by observating

 the coke button obtained in the crucib]e which was charged with 2 grams of sample

 and heated in a vertical eiectric furnace to 500eC at the rate of 50C per minute

 and then maintained at 5000C for 30 minutes. ･
     The remixing the residue with the extract was carried out by resolving them

 withbenzeneinacrucibleandthendistillingawaybenzenejnvacuum. ･'
 ･ The result of the extraction is denoted in 1'able I. CoalIretains not only

 the caking power but somewhat the swelling characteristics as shown in Fig. I, in

 spite of the perfect destruction of the caking power of coal 2. Therefore, this

 extracted residue bf coal I again having been extracted for 9 hours at 2800C, res-

 ulted in a yield of the extract of 2.4 percent afresh; but the residue did.not yet-

 iose its caking power (No. 3 in Fig 1.). This fact seems to te contrary to the works

 of Fischeri) and Bone`), who lound that the residue extracted with pressure-kenzene

 lost the caking power and the caking powei' ol' coal cempletely imputed to the

 extracted part. It is, theiefore, very i'nteresting that coal 1 shoNvs the characteri-

 sticdifferedfromthecoaltestedbythem ･･ -
     The residue of coql 1 extracted with benzene at 250eC for 15 hours was furt-

 her extracted with tetraline for 20 houi's at the saite temperature, 2t5efC, and the

 totalyieldoftheextractwasl6.7percent ･ '
  ･ The caking power of the residue is almost lost as No. 4 in Fig. 1. Ihe decre-

 ase of the caking properties of coal 1 by the extraction with pressure-kenzne, here,

 isfoundtobeveryslowandprogressive. - ･ ･
     Peter and Cremei'5) also extracted p-coal with len2.ene in an e>.t]act"'M"'li.ing

 on the Soxhlet principle. The data frcm these runs indicated that the extract ott-

 ained with benzene consisted of two parts, one which was very easily and rapidly

 removed, and the second which was much less soluble. Somewhat similar results

 were,obtained by Illingworth"). The e]ementary analysis of the pentane soluble

 and insoluble parts did not indicate differences which would have satisfactorily exp-

 Iained the difterences in pi'opei'ties ot thcse materials vvhjch range trem oil like

 materials to not readily soluble amorphous solids. . ･
     Fischer and Peters7' have reported that coals through hydrogenation could be

･ converted to "pseudobit,umens" which had properties similar to the bitumens obtained

 inextractionwithbenzene. . . ,                                  tt
     As Kiebler has described2), therefore, it could lie regai'ded as a conclusion that

 the extracted material differs chiefly jn degree of polymerization i'ather than in

       --
               '                                                        '     Other worl<s suggested that only the resinic part of the coal was dissolved and

 the remaining apparently soluble material was in reality dispersed as"colloidal
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aggregates.

    From the result obtained by this experiment. therefore, a hypothesis would

    On coal 1, the constituents polymerized up to the degree with which the cak-

ing properties might concern themselves are contained in a large quantity and a

distribution of continu6us size of these polymerized units within the relatively wide

region of which centre would exist near the ljmits of the benzene-pressure extrac-

tion. On the other hand, on coal 2, as displayed by its less volatile matter, the

polymerizating degree of the constituents by the coalification grows up to su'ch

extent that the separation of the caking constituents by the extraction may be not

sodifficult. ･
    In othef words, as the constituents so polymerized as relating to the caking

power would be distributed in a series of continuous units apprgaching the Iimits

of the extraction as on coal 1, the eonstituents could not be completely removed by

the extraction with benzene, but the constituents, having altered progressively to

smaller and larger units; could be separated more easily, on coal 2.

    The characteristics of Hokkaido caking coal can be found on coal 1, as having

a high volatile matter content, and Coal 2, being almost the same sort of the coal

as tested by Fischer and Bone, containing medium volatile matter which produced

col<e suited for blast-furnace use, but its quantity in Hokkaido is very limited, and

its sulphur content is as high as 2 to 3 percent,

    The result of remixing the extracted residue of a coal with the extract of ano-

ther coal is･ illustrated, No. 7 to 9 and 11 in Fig. 1. The restoration of the caking

power by remixing of the separated constituents might be considered as unsatisfa-

                           xctory, in that the coke from the residue from coal 2 mixed up with its own extract

is not perfectly siinilar to that of the original coal. I'he mixture consisting of the

residue from good cal<ing coal 2 and the extra6t from noncaking coal 3 exhibits a

little caking power as No. 7 in Fig. 1, while the other consisting of the residue from

noncal<ing coal 3 and the extract from good caking coal 2 shows completely no

caking power as No. Il in Fig. 1.

    In addition to the above, 20 grams of coal 2 having been oxidized for 3 hours

at 170QC through air flowing at the rate of 300c.c. per minute by the apparatus sho-

wn in Fig. 2, resulted in its caking power being destroyed completely as No. 9 in

Fig. 1. The residue of coal 2 which was alone oxidized under the same condition,

also could not restore the caking power, after having been mixed with its own

extract. After the residue from coal 3 had been heated in a autoclave for 3 hours

at 2500C, initial pressure of 30 atm. of hydrogen and then further for 3 houis

at the initial pressure of 100 atm., these residues were mixed with its owR extract
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and carbonized as No. I2 to 13 in Fig. I. Some progrossive improvements

caking power can be found there.
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    All these phenomenas certainly confirm the results found by Drees and otheis2)

 to suggest the importance of the residue in the region to which the cal<ing prop-

erties refer. Even if the residue should not by itself display t lie cal<ing power,

it vvould have a great influence upon the caking power of coal in respect to the

    ' 3.enfluencesofHeatingRate,Additioftofgngrganicanfl

                 erganic Substances "pon Swelling Power of Ceal.

    The influence of the rate of heating upon the sweHing power of coal has long

been recogtiized.") Lambris'O) discussed in minute detail the crusible tests and

swelling tests under an applied load and pointed out that the results obtained by

such methods usually were not comparable among themselves and never showed

the rnaximum possibJle degree of swelling of a coal, because the manner of heating

permitted a crust of coke to form around the noncoked portion of the coal sample

and prevented its further expansion. ･. ･
    Certainly these tests are so delicate that the values of swe!ling are not closely

duplicated and the results obtained by different apparatus are not comparable'to

each other, but it can be recognized as true that, in a series .of results obtained

           .･t                                              '                                    /-.. ･                                    . 'l                                     t.
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    Fig. 3. Thermal Characteristics of Coal I

       1.5"Clmin 2.2)"C/min 3.2"Clmin
       4.IV[aintaied at 375"C for I hour

       5. " at400"Cforlhour

    Thee volving rates of the volatile matter

the rate of heating, the more rapid the evolvi.ng

peratureregion,370to470aC. . .
    In this investigation the determination of

by an usual apparatus constituted of two cylinders,

the charged coal, and a vertical electric heater.

in the other cylinder made of unglazed pottery

clearance of them at the height of the coal

through 65 mesh, were poured into the inner cylinder and compressed to th

of O.7 times of the original one. ･The load

                                                             '                                                                      '
by the same apparatus and operator, the values could be comparable to each other

and showageneral relation among the coals tested. ..
    Warrenii) has studied the effect on yields of carbonization products at chang-

ing Tates of heating through the preplastic range and found that the higher the

rate of heating, the greater was the yield of coke. According to these facts, he

has suggested that with rapid heating the number of sma]1 molecules which surv-

ived until a high enough temperature was reached for them to escape through mild

decomposition and distillation was larger than at slow rates of heating where

reaction between the small units has largely converted them to relatively large

molecules, which wou]d not distil] without active decomposition and consequent

conversion in great part to coke and gasi2).

                                                        "    The thermal cracking characteristics ot' coal 1 obtained by Oshiina-Fukuda

                                          thermobalance also illustrate some
                                 -v-ditht･                              tt/ 1   4o･ .･!lzr" differencsbetweenyieldsofthecol<e
                             tt sewk ,ril.'･t/'pptpt-- residuesheatedatthevariousrates
 rfJ?3o r'Zi/),>// ofheating,Fig.3.
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             ･/ / tsM 10
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         -y-'
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   of the swelling value accompanying

   a change in the rate of heating is

   responsible for the aiteration of the

   plastic properties being dependent

   upon the condensation during the

   preplastic state as pointed out by Wa-

   rren, or whether the change of the

   evolving rate of volatile matter dur-

   ing the plastic state becomes a so-

   urce of variable expansion pressure.

  differ as shown in Fig. 3; the higher

     rate that occurs within the tem-

                             '
  the swelling value was carried out

        a load of piston type set on

    The cyliner made of silica was put

   and a thermocouple was set in the

 charge. Two grams of coal 1, passing

                          e volume

was 100 grams and its movement occ-

                           '
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ured by the coal swelling was automatically recorded on a rotating drum. The

value of swelling was defined as the ratio of the maximum height to the original

    .one m percent.

    Table II denotes the results obtained from the two rates of heating and prol-

onged heating at the three temperatures during the heating period.

    As the temperature maintained dUring ' Tabie K
theheatingperiodapproachestheplastic DataofswellingValue
tZM,.gel"g,Ug.e',gh?.9.lll,]ll?iSh8n,g,O://2,S,W.2zzg, 'ptli[i2MiE.I.i,.i.iSa,l]{.U..fi.r..B..il.9r&.l(i.:..,/p.l.I.i.I.E...stLg/(i:'n"g`Rtte

theevolvingrateduringtheplasticrange-""'

atthevariousmaintainingtemperature,as - 2 i40
                                             350 5 260in Fig. 3, is so appreciable that the varia-
                                             380 5[ 220tionoftheswellingvaluesmaydependon 3so "sbu2oi 2so
it.Inaddition,itshouldsuggesttheimp- 4]o s 2io
ortance of the evolving i'ate as SOUi'Ce Of . *}!:ating rate walgnmltlaised trom sDCImin to

the expansion pressure that the value of 2oOC/min after maintaining at 3sboC i'or one

the swelling, as the heating rate was ele. hOii'-'

vated to 20C per minute after having been maintained at 380"C t'or one hour, is

larger than that at the rate of heating unchanged.

    Lainbris`:" investigated the effect ot' the addition of h,oric acid and sulphur upon

the expansion pressure, softening behavior and yield of distillation products of exp-

anding cal<ing cbals and tound that the coal was mixed witli O.3 to O.5 percent of boric

                             N
acid ancl heated progressively within the softening stage, the coal no longer showed

expansion. He'4) also showed that with the additlJon of boric acid, the higher the

oxygen content of the coal, the more was yield of coke, and suggested a hypothesis'

that the effect of boric acid was related to the hydroxyl groups of coal and formed

    It is probable that this reaction related to the hydroxyl groups would corresp-

Ond with the condensation suggested by Warren and the addition of boric acid

would promote the condensation.

    The effects of addition of compounds upon the swelling properties of coal I
                                       '
and a high swelling coal (ash 12.06%, volatile matter 27.90%) were observed here.

The effects of addition of inorganic compounds ' are shown in Fig. 4.

    Considerable effect was observed from sulpher and iron oxide on both coal.

Kalium sulphide, natrium oxide and natrjum carbonate have no appreciable effects

on the high swelling coal,,but somewhat effect coal 1.

    Table III denotes the data of addition of the organic compounds tipon coal I.



'

124

mumamenv

Effect

Compound

,

        Masao KuGo' '''

        Table III
of Additin of Organic Cempounds upon

      Swelling of Coal

            =tmu' pm

Rosalic Acid

Naphtylamin
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Diphenylamin'

Stearic Acid
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Percent of
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There are the mild effects of amins･and acids, but those of casein natrium

creatine are very severe. No appreciable differences were recognized among

therrnal characteristics whether or not these compounds were added in Fig. 5,

influences of addition of them upon the swelling power must be attributed to
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     4. piasticPropertiesMeastiredbey O 200T,.p,,,t4.0,,O℃ 600
             PlaStO}rleter Fig. s. Thermal Characteristics Added

                                                with Inorganic Compounds at 50C    The pioneer worl< ot' the plastometer
                                                p'er Minute
was that of Davis,i5) who suggested the I. Coallaloiie 2. Added with
                                         ･ Sulphur3･witliKaliumSulphideimportanceoftheplasticstateintheinv- .
estigation of the coal carbonization; Extensive experience'6) with the plastometer

has taken place elswhere, but in Japan this sort of the coa] investigation has not

been carried out yet. ,,
    Here, the rr].oditicd GjcEelcr l,'IE'st(nctcr"' v,Es t.ccd Ici` ilze mcasurement of

                                                                  'theplasticproperties. ,. ･
    In the Davis plastometer method the coal charge as a while is rotated and

stirred; the properties measured are the resistance to shear of the partly fused coal

adhering to the periphery of the retort. On the other hand, in the Gieseler's pri-

nciple the coal charge is static at first but is later stirred at a rate proportional

to the fluidity developed in the coal. Rotation of the stirring shaft is caused by

the application of a constant torque force on the shaft. With increase in fluidity

beginning of the heated coal, the rate of rotation of the stirring shaft increases.

'At the beginning of the solidification of a, melted coal mass into semicoke a coal

rapidly loses its fluidity and as semicoke formation proceeds this movement falls off

rapidlytozero. ,,

    The dimensions of this apparatus used here are shown in Fig. 6. The total fri-

ctional resistances produced in the rotating parts are corresponding to 8 grams of

the load by which the constaiit torque on the shaft is caused, as illustrated in Fig. 7,

              ContributiontotheProblemoftheCakingofBituminousCoal ' 125

the alteration of the plastic properties. As shown by the decreasing swellifig values,

casein natriurn and cr'eatine radically would affect the plastic properties to have

promoted the condensation during the preplastic state as indicated by Warren.

    Some alterations of the plastic prope-

rtiesthroughtheadditionofthosecomP- ,io

ouRds,indeed,wereobservedalreadyby C.                                        g. .;f,/-
the plastometer method, which will be -
                                        e30 trepor.t?,d,g' .",Z i.a.ter,,",a,giil's,i, i..,,,i,.ti.n ' S'.'.g 'ri2/'

                                        o                                                        /k7hasbeeninoperation,thechemicalcons- `='2o ,
                                        e' x                                        vX
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and

           r,?

        z;i ff=l

            32

 Plastometer

    for tar-pitch added with col<e at 1000C

     by this apparatus. The load on the

   16 grams in this experiment. Heating

     of which melting point was 140eC.

          in the centre of the coal charge

 retort was found to be lower by 8"C 'at

per minute than that obtained by the the-

     shown in Fig. 6, which was one at the

Ievel in the bath or the outside wall of the

 This temperature difference is almost two

                   -r
    test procedure was as follows:

    retort w'as charged with 4 grams of

passing through 35 mesh, and then the cha-

    cornpressed for 15 minutes under'10-

-load, the same as in Brewer's work.i')

apparatus was lowered into t'he bath, pre-

- 2z

Z.z
ss

was carrled out at rate of 2.5eC per minute

metal bath

The temparature

in the

2.5'C

rthometer

same
retort,

times that of the one found in Brewers apparatus.

    The
coal,

rge was
kilos

The
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heated to 200"C. Introduction of the cold apparatus so reduced the bath temperature

that about 15 mi,nutes time was required to bring it to 160CC. After reaching to

1･600C, the temperature was maintained 15 minutes ancl then was raised at rate of

2.5eC per minute. Readings of temperatures scale were made each time and the

pomter movement was i'ead on the IOeO-scale-division dial.

    The reading numbers indicated
                                   100,OO{) -
in table V, therefore, are ten times '

of those shown by Brewer. From

the observed times, temperatures

anddialreadingsthecorresponding io,ooo

number of pointer revolutions was

calculated in dial division per minute.

    The logarithms of these Iatter
iT,1"7S,,S,i'2,g'l.Ol ge,d,fi 8,ikd.;lt':ges,g.g:.I' g '900

                                      'gradgaabSiea?eCIXSuast(rFai'tges8,t7keanaiysis S ioo

of the coals tested.

    The results of these coals are

shown in table V. In expressing
                                      10these data, according to the Brew-

er's method, there are taken: (a)

the initial softening temperature cor-

respondingto1dialdivisionper i
minute;(b)thefusiontemperature ,
at 50 divisions per minute on the

ascending portion of the plastic cur-

ve; (c) the maximum fluidity temperature at

ment; (d) the solidification temperature at 5

portion of the plastic curve; (e) the

tal<en when the pointer shows no further

    Brewer has shown that this arbitary

and (d) gave values consistent with the

points established by the Agde-Damm and

    The coals of which the maximum

Table V are considered as not being truly

dered coke, as the definition above indicates.

Coal 4

     N
Coaj 9
     "r

Coal ?O

Coa] 23

    Xs

x

/

/

ts

Coa1 25

Coal 18

Coa! 26

 Coal 27

      340 360 380 4e 42 440 4 5"etaO'
                Ternperatuz"e "C

      Fig'//;yPti :t,itC..C,gtr.",e.S of Coals Determined

        the maximum rate of pointer move-

      O divisions per minute on the descending

temperature of the end of the plastic range

    movement.
     selection of temperature points (a), (b)

     corresponding characteristic temperatuge

     Davis methods.
                     '
 fluidity is below 50 divisions per minute in

     cal<ing coal which produce mostly pow-

         Furthermore, coal 4 to 7 show ext-
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IV. Analysis of Coal

Coal

   1
No･ l

   /

Bed.

4

5

6

7

,o,,

9

10

11

12

13

14

15

16

 o p.
  as
iMoM:

yuBari '-

Ohyubari

Kayanuma
Ashibetsu (K)

Toyosato

Mayazi

Sunagawa

Utashinai

Kamoi

Moziri

Kamiutashinai

Akabira

Ashibetsu

Proximate Analysis

Mek?.n.I, Ash

    i
;3.f6'

8.32

16.42

6.76

7.66

l3.76

8.68

12.58

10.46

1l.26,

6,84

8.6)

5.92

Volatile/ Fixed
      / ma!ter:'carbon

Ul'Ei"itiiate- Analysis

(dry, ashless basis)

17

18

19

2)

2i

22

23

24

25

26

27

p
,ix

･:i

M

1,48

O.87

O.74

1,32

1.36

2.1C)

1.50

2.08

2.04

2.(){)

2.12

2.64

3.12

Miike

Shishimachi

Kambayashi

I<aho

Tadakuma

Uruno

Hojo

Imported

    ,v

    n
    "

Coal (P)

 ,   (s}

   (R)
   CM)

o.g6

Ci.F2

O.7`I

'2.28

2,12

2.62

3.96

1.38

1.84

1.8i'l

1.22

I2,08

8.9C

7,f6

IO.f'2

1F.26

i6.12

16.00

i

7.68

6,44

6,96

;6.45.

c
/

39.88

42.07

33.32i

38.40

39.]2i

39.84

4).89

37.14I

3･g.o4I

47.50

4l.28

40.84

4!.e8･

45.08 81.91

48･74 82e2]
49.52I 85,30

   I
53.52I 74,2i

5l,86ii 78.7C)

44.30 73.48

49.00 82.25

48,02I 78.39

49.46 1 84.1O

3g.24i    78.M,l

49.761    82.49
47.g21 s2.77

49.88 76.28

H
  l
NiS o

Z[;Ii ;l,i:I 8Ilg

,6,04 5.161 3.24

5.48 8.5) O.57

6.75 4.87 O.59

6.31 3,tl6･ O.26
   ls.74I 4.ol o.sl

4.82i 4.94 O.68

s.si
l 3.43[ o.6s

6.021 4.17 O.5F.i

5.81 5.07         O.63

         o.836.13 4.23

         e.7ol5.IS 4.24

Drum
Index
 of
Coke

9,21

7.35

O.26

rI.25･

9.09･

16.49I
7.49

I
11,17

6,3I

10.85

6.00

6.t)4'
i3.6ol

'

75ts-80

75"w80

'70tw75

411.92

24.76

24.76

39.79

37.58

36.C}2

35.64

l7.46

22.38

21.94

24.15

46.14

65.52

66.94

47.41

45.04

45.25

44,40

73.8tl.

6･).34

69.30

58.i8

84.e6

89.5LIJ

88.71

84.27

83.07

78.20

76.64

85..65

87.35

89.54

84.73

6.92

5.42

6.40

5.95

5.51

5.14

4.88

4.42

5,64

4,57

tl..89

3.27

4.3)

4.10

3.86

.2.55

2.90

1.23

3.IO

2.41

2.67

O.2I

O.60

O.6,O.

0.53

O.72

i.03

O.48

O.87

O.7.,

O.83

O.82

3.92

l.22

o.,s3

4,70

6.4J

IZ 71

14.84

Z37
4,42

1.58

7.21

9)"v

9)e-J

65t-J70

90""

9)bw

90-.

             Drum index measured by Japan Iron and Steel Company method

remely high fluidity. On account of this high fluidity referring to its high swelling

powei' and high volatile matter content, the measure was so dif'ficult that the results

obtained for these coals are not so exact 'as those of the coals having middle or less

fluidity. ' . '
    With regard to the temperature of the maximum fluidity, that of high volatile

coal is evidently iower than that of medium volatile coal. There are, however, no

differences of the maximum fluidity bhtween coal 9 and coal24; coal 13 and coal18;

coal 16 and coal 26, in spite of the appreciable differences of the temperature of

the maximum fluidity, volatile matter and quality of coke from each coal. There-

fore, it is difficult to judge the quality of coke and the coal rank'of caking coal

according only to the maximum fluidity obtained by this method.
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                                                                      mnptt

    From the plastic curves in Fig. 8, a certain relation might be deduced arnong

the maximum fluidity, the temperature of it and the coal rank; with rising temp-

erature of the maximum fluidity, the maximum fluidity increases till reaching its

maximumvalueandthenprogressively g- ..                                                                    '                                                                    '                                      U/'10 .x'odecreases.Inthe laststaget.hetemp.era- gs . o.,f//t'
ture of the maximum fluidity might ･ ,S                                                           -!･SY'
                                         L140 o/i                                      g oae/ooo.oinclinetodescendwithdecreasingofthe ., .,,
                                      rk ooemaximunfluidity･ G.i2o-' oeo
                                      'fi .g.' O    Fig.9illustratestheplasticcurves xas /

andthethermalcharacteristicsofsome iioo
                                                    .reITT                                           340 60 SO 400 2() '40
typical coals among the cOalS teSted. initiniDeccmiiM,:-itioiiTeniperntvre 't

    InFig.10asomewhatlinearrelatiOn Fig.:o.RelationofMaimumFluidityTempera-

isobtainedbetweenthetemperatureof t yretoInitialDecompositionTemperature.
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the maximum fluidity and the injtial temperature of the rapid 'decompositioi. from

the thermal characteristics; the temperature of the maximum fluidity as well as the

initial temperature of the rapid decomposition has a parallel relation to the coalific-

ation degree.

    On the other hand, no relations have been found to exit between the tempera-

ture of the maximum fluidity and the temperature range during which the max-

imum amount is expelled among the intervais of 10"C. There is, however, a certain

relation recognized between the maximum fluidity and the amount volatilized

                                  during the plastic range defined as 50 dial

=
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>.
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tr･

iif'
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g
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 to
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divisions or more perminute as in Fig. 11;

the higher the former, the greater is the

latter.

    These facts sould suggest a close relation

that would lie between the plastic state and

the thermal reaction during the preplastic

and forepart of the plastic state.

    Asburyi8) divided the material from the-

benzene-pressure extractions into acidic, basic,

and neutral ether-soluble and-insoluble frac-

 .tions and found that there was a general

rise in acidic, basic, phenolic, and neutral

ether-soluble material with increasing temp-

eratures up to 425aC, after which a decr-

ease in phenols, bases,,and acids occured,

and the cumulative･ yield of the total ext-

ract increased progressively to 4500C.

His paper has shown evidently the fact

that a certain portion of the pressure-

benzene-insoluble constituents had been

converted into the soluble one by the the-

rmal degradation of coal substance at

relatively low temperature.

    Coal 1, passing through 65 mesh, after

having been heated to the various temperat-

ures up to 425eC at rate of 50C per minute
                               s

tA

,qJ)

ts

"
tti

rv.

ti

tu

t

Fig

30

20

lo

                   ew       ?ssas.pt/-

re-
O ----" fiW" .

   ,o/ XXt,.<6tzkkb.

           O-mp-ptew"wtpt@

in a vertical

   W-Plrcwhwhtsnynytuwh"Tvwh-pmwh  o 2so 3oo 3so 4ee 4so

   Carboniiatiep 'I-emperature "C

z2. Extraction of Coal 1 Carbonized,

 with Pyridine and Benzene.

      silica tubej was extt'acted

.

e



              Contribution to the Problein /of the Caldng of Bituminous Coal 133

with benzene and pyridine in the Soxhley apparatus. As in Fig.12, the extract

with pyi'idine increases from 3750C to suggest the insolu,ble constituents being con-

siderably converted into the soluble ones by the thermal degradation during the

preplastic state.

    Theseresultswouldsuggestahypothesisasfollows: ,,
    The constituents which are so fluid at the plastib. temperature as to form the

plastic state by, dispersing the nop,fluid constituents with themselves consist of not

only the constituents originally being small units in a fluid state at that temperature,

but also the others produced froip, the larger molecular substances, which would not

be extracted by usual organic solvents as real solution, by the thermal degradation.

    According to these facts, it could be,evidently explained that the caking prop-

erties depend on the nonextractable constituents as well as the extractable one. in

                                                  t/
    The condensation reaction during the preplastic state was emphasized before

and the' decomposition is noted here, but it has ,been known that thermal decompo-

s.ition of higher hydz'ocarbons, especialy aromatics, is essentially accompapid with

condensation.
                                            '
    As mentioned above, in spite of the almost same maximum fluidity, the suffi-

cient diffeTences of those temperatures certainly suggest the fact that the constituents

referring to the caking power of each coal would differ in quality as well as quantity;

the higher the temperature of the maximum fluidity, the more stable state the

constituents have arrived at.

    Further a hypothesis could be deduced from Fig. 8 which iool<s identical with

Hoehne's work'") and the facts ･mentioned above as follows:

    1) During the stage at which the maximum fluidity increases with rising of

the temperature of the maxiipum fluidity, the constituents related to the caking

properties are proceeding to the more stable state with an increasing amount of them.

    2), During the next stage of the maximum fluidity lowering with elvating

temperature of the maximum fluidity, the quantity of t;ho$e constituents decreases as

they convert to the more stable one.
                                                       '
    The "most fusible state" of caking coai, as coal 4･ to 7, is situated between the

both ,stages, and the caking coal best suitied for blast-furnace pradJtice would be fotmd

in the higher temperature region of the maximum fluidity than that of the coal

belonging to the "most fusible state".

    3) In the last case, not so evident as the formers, the temperature of the

  maximum fluidity seems to sink with iowering･of the,maximum fluidity according

                  'to the advancing of the polymerizating degree up to such small units and large

units as to decrease the quantity of the constituents related to the caking propertie$.



                    '                                                                    '

                    5. Enfluence of Addition of ceke Bree2e

                           upon gelastic Properties

    It has long been known that the improvement of the col<e occurs through the

addition of coke breeze, and the addition of coke breeze as a factor in col<e impr-

ovementisagreatpracticalimportance.20) ･ '
    In Japan, the addition of semi-col<e breeze has been carried out at the iron
                                     'work in Hokkaido as mentioned already. '･
    Any exact theories, however, supporting the fact that coke is improved through

the addition of coke breeze have not been proposed yet.

    Robert and Junkner20) emphasized that one of the most important advantages

of blending inert fuel with col<ing coal undergoing carbonization was facilitated in

accord with reducing the plastic layer. But it seems to be doubtfull that the rapid

heat penetration in coal charge would correspond to an improvement in qualities of

coke from the coal as high in fluidity as coal 4 to 7. They also said that a number

of coals rich in gas yielding a well fused col<e, which in cousequence of the lack of

uniformity in the formation of the pores had poor physical properties, in most cases,

showed an improvement in coke by reduction of the volatile matter.

    J. G. King2') suggested that coke would behave as a diluent rather than a con-

stituent and cokes containing over 15 percent of volatile matter appeared to combine

more readily with the col<ing coal during melting or coking to form connecting

layersorfilrnscontainingbothphaseswhichwereTelativelystrong. ･
    Joh?'L) has recently suggested that the addition of coke breeze increased the stv-

ength of "cellulosic part" in coal substances, which was called "strength of the

waisV' in coal.

    Here, the change of the plastic properties through the addition of col<e breeze

was determind by the plastometer method.

    The coke added was produced in an iron retort which was charged with 200

grams of coal 4 and heated to 9000C at centre of the charged coal in a vertical

electric furnace, and.the rate of heating was 5`C per minute, the volatile matter

was drawn upward and expansion of the charge was allowed against a load. The

fraction, 35 to 65 mesh, of the crushed coke containing 3 percent of volatile matter

    As Fig.I3 illustrates the plastic curves sinking as a whole, the fluidity decreases

with increasing amount of the tcol<e added to reduce the plastic range, but the

temperature of the maximum fluidity is hardly altered.

    The relation of the maximum fluidity to the temperature range of the plastic

state either with or without adding of coke breeze is shown iri Fig. 14; all of these
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points appear to dweli on the sarne curve. Therefore, through the addition of coke

breeze the coals, which have the various maximum fluidity lower than the one of

original coal but the temperature of the rnaximum fluidity as same as the one of

original coal, could be obtained at will.
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     Fig. x3 Plastic Curves of.Coalg Fig. Z4 Relation of Maxintium Fluidity
         Added with Coke. to Temperature Range of Plastic State.

    The reducing va]ues of maxitnum fluidity of the coals through the addition

ot the coke are plotted in Fig. 15. The decreasing rates are not the same for each

coal; the rate of coal 6 is steeper than the one of coal 4. The curve. of coal l8

especi411y differs from those of the coals having higher fluidity than itself.

    Depending partly on the differences of ash content of the coals, this fact would

also suggest that the constituents being iri the liquid phase during the piastic state,

as mentioned before, are not the same only in quantity but also in quality.

    Furthermore, on account of the decreasing rate of fluidity on tar-pitch added

with coke breeze at 100rC showing a very different shape from thQse obtained on

the coals adqed with coke as in Fig.15, it would be again expected that the plastic

state of cal<ing coal is not identical with the simple mixture consisting of an inert

substance as coke and a liquid phase as pitch, but complex colloidal phase accom-

panied with thermal decomposition of coal substance.

   'The inlluence of size of the coke added upon the plasticity was observed by

addition of the cokes, 65 to 100 mesh and passing through leO mesh.

    As in Fig.16, 'the smaller the grain size of the coke added, the steeper is the

decreasing rate. This fact'could be explained by increasing of tetal surface o{ the
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coke breeze,,added,, wit.h-reduction,ofgthe size,of the coke, to

of the liquid materials absorped into ,the coke･, breeze and the

between the plastic material and the col<e. ･

enlarge the amount,

frictional resistance'
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in spite of that the total volume of the sand added 'is smaller than that of the coke
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that the frictional resistan,g.e of coke bre{4e is less than ,.that resulting frgm the

addition of sand,,,thereby, aidipg b,y,additiop.,q!. col<e breeze the surface oC the cgtAe

gralns becornes smoothe,; by,absQ,rping the plq$tic materials, which,not present in

the sand grains:･ F.rQm this idea it becomes, e, vident,that the cQl<e added t.Q cok-
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    Table VI shows the plastic properties of coal 4 added with the

15 percent of volatile matter, and electrode Carbon,

. The decreasing of the maximum fluidity through the addition of

coke,

this

having

coke, 15



percent V. M,, is somewhat larger than those of'the coke, 3 percent V. M,, and

the electrode carbon in the case of the fraction, 35 to 65 mesh, but all the decre-

asing rates through the fraction, passing through 100 rnesh, are almost similar to

each other. Therefore, the size of the carbon added to the caking coal being beiow

the limi't which is about 65 mesh, the characteristics of the carbon substance added

would hardly affect the plastic properties of the caking coal.

    The relations of the 'facts mentioned above to the improvement in quality of

col<e through the addition of coke or semicoke breeze will be considered in the

future paper.

    In conclusion the author wishes to gratefully acl<nowledge the valuable aid of
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