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                             I. Preface

    An oxidation experiment of coal at a constant temperature was carried out

for the purpose of theoreticai studies on the application of the result of gas

analysis to the early detection of spontaneous combustion of coal.

    Hitherto, numerous publications on methods for the early detection of

spontaneous combustion from the results of gas analysis have been reported:

these include simp2e component such as CO, C02, CH4, C2H4 etc., and the values

of COI02, C02102, COIC02, COICO+C02 etc. A decisive method, however,
has not yet been set forth.

    The oxidation experiments in this paper were carried out in parallel with

experiments conducted for the establishment of the theory of spontaneous

combustion reported previouslyi'2). Gas analysis were regularly made. Based

on the results a theoretical investigation on the early detection of spontaneous

combu,stion of coal was done.

    The changes of gas components, in accordance with the advance of oxida-

ting time, were shown by gas analysis following the experiments of oxidation

under a fixed temperature, and the cause of discrepancies was studied. The

results show that the possibility of errors was much higher in the procedure of

early detection of spontaneouS combustion than expected,

    The results of gas analysis notwithstanding the possibility of errors are

usefui for the early detection of spontaneous combustion of coal, but may not

be usefu1 for the "diagnosis" of the progressing change during conibustion.

      Il. The Apparatuses and the Method of the Experiments

    The apparatuses are the same as were used when the theory of spontaneous
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combustion was studied. Therefore in this paper the data on the gases in the

former experiments are included.

    In these experiments oxidation temperature was kept under 1500C, inasmuch

as the use of the result of gas analysis is for the early dlscovery of spontaneous

combustion.

    Above 1500C the heat generation of coal by oxidation suddenly becomes

active, and there exists the possibility of a rise in temperature. Therefore it is

imperative for the eariy detection of spontaneous combustion of coa! by gas

analysis that the characteristics of gases produced by oxidation be as low tem-

perature as possible.

    The gas samples taken through the experiments of oxidation at a constant

low-temperature were analized by Orsat gas analytical apparatus. Originally, this

apparatus was not high in its accuracy, but has since been so improved as to

be useful for gas analysis, making a preclse analysis of O,, C02 and CO possible.

The Orsat method which is the easiest to handle is particularly effective, in

making a series of analysis in paraliel to oxidation experiments.

    Many gas samples taken in the underground in natural surroundings, how-

ever, are diluted by other gases or air after it has passed through the heated

zone, but in a laboratory the gases from oxidation are used without any attenu-

ation by air or other gases after they have passed throu.gh coal particles. There-

fore in establishing a theory concerning the early detection of spontaneous

combustion and discussing it, the Orsat method is reliable. In the examination

of CO Kitakawa's CO gas detecter, the color comparison method, is reffered to.

    CO in the oxidated gas at 750C and 500C could not be found exeept for

a trace of it, but this means that it does not exist at the unit up to O.OO%.

It is regretable that the author was unable to determine the presence of CO

in oxidated gases passed through the coal particles at 750C and 500C. The

                                                     ,existence of CH4 and H2 were not examined, but were included in N2, owing

to the impossibility of analyzing the same at a thermal temper,ature under 1500C.

                    III. Results of the Experiment

    Figttre l shows an example of the relation between the generation r,ate of

C02, the quantity of C02 generated by 100 grams of coal within one hour,

and its oxidation time. Table 1 shows by average the relation between the

generation rate of CO, and the oxidation time at every 10 hours of oxidation.

    According to this table the generation rate of CO, decreases as the time

passes, and increases as the size of the grain becomes smaller. These relations

are shown by the average in Figure 2. Figure 3 shows the logarithm of the

generation rate of CO, in Figure 2,
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      Fig. 1. The relation between C02 generation rate and
             oxidation time, particle size 20-28 mesh

    leads the following common formula.

    )..,=( `c: ll9o )1,.,euki" (1)

      >a,),: C02 generation rate

      )O.. : initial C02 generation rate

        ･2
        ki: coeflicient

        0: oxidation hour

following relation arpong the initial CO, generation rate ( C,fllS?o )1,.r the

       the temperature t shows Figure 4. Figure 4 Ieads the follow-

       formula.

        =o.o7s ee,o3st-e,one (2)

        =- O.O12 (3)
        .. o.o7s eO.03B-O.Oi2a (4)
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TABLE 1. The
   and

relation

oxidation

between C02 generation

 time from start

rate

Temperature
of oxidation

   (oC)

150

 )1

 )t

 rl

 Jl

125

 tt

 Jr

 11

 t)

 t}

100

 )t

 rr

 )J

 t)

 el

 75

 rl

 JJ

 )r

 )1

 Jl

 50

 t)

 tf

 rf

 r)

 T)

Particule size

   (mesh)

  20 28
  28 35
  35-48
  48-65
mean value

  20-28
  28-35
  35-48
  48-65
  65-100
mean value

  20-28
  28-35
  35 48
  48-65
  65-100
mean value

  20-28
  28-35
  35-48
  48-65
  65-100
mean valve

  20-28
  28-35
  35-48
  48-65
  65-100
mean value

      Oxidation
(aMerage at every

time from start
10 hours of oxi dation)

O-10hr

15,76
19.49
22.96
22.89
20.48

 6.36
 7.69
 7.61
 9.42
10.14
 8.24

20.20
 2.47
 2.67
 3.63
 4.93
 3.14

 O.73
 1.13
 1.83
 1.91
 2.03
 1.52

 O.29
 O,33
 O.36
 O,52
 O.62
 O.42

10-20hr

15.14
15,05
22.95
22.46
18.90

 5.43
 6.62
 5.02
 7.43
 9.91
 6,89

 1,80
 2.30
 2,84
 3.43
 4.65
 3,Ol

 O.67
 1.22
 1.20
 1.62
 1.64
 1,27

 O.24
 O.33
 O,29
 O.30
 O.54
 0.34

20-30hr

12.91
15,64
19.71
19.31
16.89

 4.51
 5.55
 5.49
 6.42
 8.22
 6.04

 1.70
 2.21
 2.67
 3.12
 2.68
 2.68

 O.59
 O,94
 1,24
 1,38
 1.49
 1.13

 O.16
 O.23
 O.28
 O.29
 O.54
 O.30

30-40hr

11.72
14.07
15.57
17.44
14.70

 4.86
 4,27

 5.76
 6.53
 7.38
 5.58

 1.98
 1.99
 2.65
2.61
 3.02
 2.45

 O.78
 O.86
 1,19
 1.33
 1.38
 1.11

 O.16
 O.22
 O.27
 O.27
 O.45
O.27

40hr-

10.80
12.49
14.55
16.00
13.49

 3.72
 3.58
 4.66
 5.60
 6.49
 4.81

 2.05
 2.02
 2.31
 2,04
 2.59
 2.21

 O.71
 O.79
 1.06
 1.28
 1.37
 1.04

 O,16
 O.20
 O.19
 O,23
 O.41
 O.23

Mean value

13.27
15,35
19.15
19.62
16,88

 4.98
 5.54
 5.53
 7.08
 8.42
 6.31

 1.91
 2.20
 2.63
2.97
 3.78
 2.70

 O.69
 0.99
 1.31
 1.50
 1.58
 1.22

 O.21
 O.16
 O.28
 O.32
 O.50
 O.32

e

cc/hr.100g

    20

  15:
E
g
:t

E lo
:
:
oos

U  5  L

a

;'s.-

. ]5ooc

.

.s-

         . Ic'5oc
                        '-7'-LT"----N-.-.

tr----Mg-mL---7 tC
L----fi.--mm t5C

50"C

"'f

  O 10 20 ]O 40                  e)CIDATIDNTIMEFROMSTART hr

Fig. 2. The relation between C02 generation rate

       oxidation time from start (average)

and

5o



celln'.1oog

   50
   40

   io

   20

10

  5
EF, 4
"
  3
g-

:2ts

M-...

srv i

O,5

o.a

O.3

O,2

A Study on tl]e Early Deteetion of

   O,1
     o lo 2o 3e 4o
             OXIDATIO}･;･ TIIE hr

 Fig. 3. The relation between C02
    generation rate and oxidation time

    from start (experimental valLie)

the averages at every ten hours

    According to this table the

time passes, and increases as the

ature rises. Figure 7 shows the

    According to this the CO

equatlon.

        ( dd9o )..= ( dd9e )g.e-k2o

where (dd9e)..;CO
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    Thus Figtire 5 is led forth. Accord-

ing to Figure 5 the･ curves of the C02

generation rate are in parallel, and conse-

quently the CO, generation rate of the

Oyubari coal at a certain temperature is

equal to that of the coal oxidated for 82.5

hours at a temperature 250C higher than

the former. In other words, 25(aC) =.
                             82.5(hr)

O.303(OCIhr). The result of this experiment

shows that CO, generation rate becomes

constant only when the rising rate of tem-･

perature is O.3030C!hr. (In the case of

gases underground at the coal mine site

the rise of temperature does not always

take place at a certain density of C02,

because other gases produced by oxidation

enter.)

     Figure 6 shows an example of the

relation between CO generation rate (CO

quantity produced by 100 grams of coal

in one hour) and oxidation time from start.

Table 2 shows the relation between the

generation rate and the oxidation time by

oxidation time.

 generation rate decreases as the oxidation

 of grain becomes smaller and the temper-

      among these by average.

  ' rate is represented by the following

generatlon rate

generatlon rate

hour

(5)
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    Figure 8 shows the relationship between the generation rate of CO which

is logarithm, and oxidation time from start. This suggests the possibility of

the calculation of the generation rate of CO produced by oxidation at the lower

temperature.
    Moreover the fol!owing relation between the coecacient ki of the CO,

generation rate and the coeMcient k2 of the CO within the scope of the ex-

per!ment under 1500C is:

                                 k, < k,

and the lower the temperature becomes, the greater its difference is.

    As a matter of fact the density of CO and C02 can be acquired as a result

of the analysis of gases in the underground, but the quantity of air leakage

cannot be calculated. Consequently, it is impossible to know the generation

rate of CO and C02･
    Under a certain condition the high density of CO and CO, indicates a

higher tempera' ture, if the air leakage is assumed to be almost constant. In
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TABLE 2. The relation between

   oxidation time from
co

start

generatlon rate and

Temperature
of oxidation

   (oC>

150

 tl

 1}

 r:

 Jl

125

 7J

 t)

 rl

 11

 :1

100

 )t

 )r

 Jr

 )1

 t)

Particle size

  (mesh)

  20-28
  28 35
  35-48
  48-65
mean value

  20-28
  28-35
  35-48
  48-65
  65 100
mean value

  20-28
  28-35
  35 48
  48 65
  65-100
mean value

     Oxidation
(average at every

time from
10 hours

start
of oxidation)

O-10hr

5.00
6.89
7.49
8.44
6.96

1.95
2.89
3,Ol

3.51

3.74
3.02

O.69

O.88
O.95
1.24
1.63
-1.08

10-20hr

4.19
4.96
7.80
8.53
6.37

1.71

2.43
1,86
2.48
3.07
2.31

O,58
O.58
O.63
O.91
1.64
0.86

20-30hr

3.76
5.12
6.26
7.13
5.57

1.47
1.97
1,65
2.23
2.77
2.02

O.57
O.50
O.49

0.70
1.21

O.69

30-40hr

3.55
4.11
4.92
5.55
5.53

1.44
1,33
1.35

1.88
2.33
1.67

O,54
O.46
O.50
O.63
O,86
O.59

40hr-

2.69
3,10
3.58
4.57
3.48

O.95
1.15

1.60

1.75

2,04
1.49

O.42

O.50
O.38
O.44
O,65
O.48

Mean value

3.84
4.83
6.01

6.85
5,35

1.50
1.95

1.89
2.37
2.79
2.10

O.50
O,59
O.59
O.78
1.20
O.74

cclhr.)OOg
le

a
a

g
¥t 5

,z

g

J5ooe

LX--"----gL-ii
100oc

        oo iioE2[o[Jt 4o so
                                  OXIDATIo}1TIvE, hr
      Fig. 7. The relation between CO generation rate and oxidation time (average>

general, however, the higher the temperature rises, the more the leakage of air

increases, which is particularly remarkable in the cases of steep pitching seams

and the thick seams. Therefore, the rise of temperature,gives the dilution of

the density of gases, from the point of view of air leakage, The increase of

density of CO suggests a greater danger than it is assumed to be, for the

generation rate of CO has a tendency to decyease as the time elapses in the

experiments of oxidation at a constant temperature.

(

i
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    Moreover, the values of density of

CO and CO, obtained from this analytical

method appear to be smaller than the true

values, due to the diluted gases by other

oxidation gas or air after oxidation. This

tendency is feasible in actual coal mines

sites. The rate of dilution by air cannot

be known only by the density of CO and

CO,.

    Consequently, in order to detect the

spontaneous heat of coal by the density of

CO and CO,, the samples of gases must

be taken at a place where the rate of
dilution by air is considered to be about

constant. This, however,'is mearly im-
possible because of the characteristic status

of the ventilation in the underground.

    In Figure 9, an example of the relation

among CO,/02 value (CO, producedlO,
absorbed) and the oxldation time and the

    Table 3 shows the relatiofi between

time by the average at every ten hours of

these relations by the average.

    According to the results of the

temperature, the relation between the

e is as follows.
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  TABLE 3.

10 15 20 25 }O 55
         OXIDATIQNTIME hr
 between C02102 value and the oxidation

The relation between CO,!O, value

oxidation time from start

  40

time

and

   qs

(average)

Oxidationtimefromstart
(averageatevery10hoursofoxidation)Temperature

ofoxidation

(oC)

Particlesize

(mesh) O-10hr 10-20hr 20-30hr 30-4ehr 30hr-
Meanvalue

150

 Jl

 lt

 1}

 tt

125

 e)

 Il

 Jt

 lt

 7J

100

 T)

 11

 lr

 ft

 rl

 75

 }J

 rT
 ))

 tt

 t)

 50

 tT

 )T

 el

 t)

 IJ

  20-28
  28 35
  35-48
  48-65
mean value

  20 28
  28-35
  35-48
  48-65
  65-100
mean vaiue

  20-28
  28-35
  35-48
  48-65
  65-100
mean value

  20-28
  28-35
  35-48
  48-65
  65 100
mean value

  20-28
  28-35
  35-48
  48 65
  65-100
mean value

11.60
 9.90
10.20
 8.34
10.01

 9.28
 9.28
 7.31
 7,07
 6.23
 7.83

 5.56
 4.93
 4.95
 4.89
 4.67
 5.00

 4.06
 4.43
 6.52
 5.04
 3.57
 4.72

 2.98
 2.83
 I.81
 2.53
 2.68
 2.57

14.24
12.61
14.08
12.48
13,35

10.09
10.58
 9.10
 9.09
10.01
 9.77

 7.41
 9.12
 8,65
11.18
 7.05
 8.68

 4.19
 8.11
 7.96
 7.19
 4.32
 6.35

 3,37
 4.08
 2.91
 2.34
 3,92
 3.32

15.88
15.96
19.43
14.75
16.51

10.89
11.87
14.71
11.28
10,94
11.94

 7.87
 7.34
12.89
12.70
10.44
10.65

 6.09
 7.14
10.85
 8.37
 7.18
 7.93

 2.99
 4.11
 3,28
 2.86
 4,76
 3.60

18.21
19.60
16.91
15.83
17.64

12.92
11.00
14.29
14.57
l2.76
13,11

 9.69
 9.89
15,38
11.33
10,22
11.30

 8.29
 7.79

IL54
 8.98
11.33
 9.59

 3.13
 4.48

 3.65
 3,38
 4.76
 5.88

20.86
23.23
22.00
18.92
21.25

17.23
10.26
14.03
14.30
13.53
13,87

14.52
11.71
16.40
12.50
 9.70
12,97

 9.41
 8.29
12.13
 9.58
13.27
10.54

 4.23
 5.32
 4,26
 4.09
 6,33
 4.85

16.16
16.26
16,52
14.06
15.75

12.08
10.60
11.89
11,26
10.69
11.30

 9.01
 9.00
11.65
10.52
 8.42
 9,72

 6Al
 7.15
 9.80
 7.83
 7.93
 7.82

 3.34
 4.16
 3.18
 3.04
 4,49
 3.64
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where

(CoO,2 ) ==' a, + b, e

   ( CoO,2): the value of

        ai: a coeflicient

        bi:. a coefficient

        e: the oxidation

equation which appears as

 to Tab}e 3, the value

the effect of the particle

CO,10,

(6)

                                 hour

Thus the astraight line is formed.
According of CO,!O, rises when the temperature
rises, but size at the same temperature is not so
accurate.

    The increase of the value of CO,/O, as time elapses during the low temper-

ature oxidation is the crucial defect in the examination of the temperature rise

by the value of C02102･

    Morgan3'`) stated that the increase of the value of COI02 and the decrease

of that of CO!O, are manifestations of heating. From the results of the ex-

periments it was determ!ned that the decrease of the value of C02!02 is not

a sign of radiation.

    Figure 11 shows an example of the relations among the quantity of pro-

duced CO/the quantity of the O, absorbed and the oxidation time and the

oxidation temperature (1000C).

    Table 4 shows by average at every ten hours the relation between the
value of CO/02 and the oxidation time, which relation is illustrated in Figure 12.
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TABLB 4. The relation between the CO!O, value and oxidation time

Temperature
of oxidation

   (eC)

150

 t)

 )7

 )r

 lt

125

 lt

 )r

 )t

 JT

 )}

100

 sr

 sr

 TJ

 ls

 t)

Particle size

  (mesh)

  20-28
  28 35
  35-48
  48-65
mean value

  20 28
  28-35
  35-48
  48-65
  65-100
mean value

  20 28
  28-35
  35-48
  48-65
  65 100
mean value

      Oxidation
Caverage at every

time ±rom
10 hours

start
of oxidation)

N

O-10hr

3.68
3.54
3.35
2.09
3.37

2.85
3.50
2.63
2.59
2,29

2.77

1.87
1.73.
1.77
1.66
1.60
1.73

10-20hr

4.41
4.18
4.79
4.74
4.53

3.21
3.85
3.38
3.03
3.10
3.30

2.36
2.28,

1.92
2.96
2.49'

2.40

20-30hr

4.63
4.84
6.14
5.45
5.27.

3.56
4.20
4.41

3.93
3.69
3.96

2.62
2.08
2.34
2.87
2.97
2.58

30-40hr

5.49
4.94
4.32
4.89
4,91

3.83
3.44
3.97

3.97

4.19
3.88

2.64
2,28
2.88

2.73
2.92
2.69

40hr-

5.11

5.03
5.33
5.11

5.14

4.02
3.30
4.82
4.40
4.50
4.21

2.94
2.93
2.65
2.68
2.42
2.72

Mean value

4.66
4.51

4.79
4.62
4.64

3.49
3.66
3.84

3.58
3,55
3.62

2.49

2.26
2.31

2.58
2,48
2,42
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    According to the subsequent results, the value of CO/02, during the

dation at a constant ternperature, tends to increase more or less as time

on, but the rate of increase is not so high.

    The following relation is seen between the value of CO!O, and the

oxi-

goes

oxi-
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        (CoO,)=a,+b,e-c,o2 (7)
where (CoO,):thevalueofCO!02

                a2: a coeMcient

       ,,..,, " L'- bi': a coefficient

         L･ ' "=" '' ttE-:"-a' 'coeracient

                 0: the oxidation time

    If CO gas definitely exists in the underground, the temperature generally

shows a ris,,e;--Tljus, in'sofar'as the experiments of lbw-temperature oxidation

are concerned, the close'st. relation between the value of CO/02 and the temper-

ature generation by oxidation was verified. This agrees with, the point of view

ofGraham5),Burrel&Seibert6),andJones'). ･
    Figure 13 shows the relation between the value of CO/CO, and the oxida-

tion time and temperature. Figure 14 shows the relation between the value of

COICO+CO,andtheoxidationtimeandtemperature. ' '
 ' According to the result of these experim.ents both the values of COIC02

and CO!CO+CO, have a tendency to decrease more or Iess as the oxidatiQn

'time continues. These values also tend to have about the same changes, for

the generation rate of CO is approximately from 1!3 to 115 of the geneqation

rate of CO,. Besides, these values do not show any distinctive change as the

            .'temperaturerlses. . '･ '    Consequently, insofar as these experiments are concerned, the changes of
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these values do not have any importance in the early detection of spontaneous

combustion of coal.

    Next, the effects of mixing of the gases produced by oxidation must be

considered as the result of diffusion of gases. Mixing gases produced by oxida-

tion is not reasonably considered to cause changes under temperatures of 5000C.

    Figure 15 shows an example of the changes of the values of CO!O, and

C02!02 when these gases are mixed at a rate of 50 and 50 after values have

been ealcu!ated at a temperatures of 1500C, 1000C, 750C and 500C respectively.

(a) shows the oxidation at the beginning, (b) shows that of ten hours later and

(c) thirty hours later. Though the highest temperature of the gas is 1500C, the

values of CO/O, apd CO,/O, are shown approximate}y at 1250C. The values

of these are shown at the lower temperature-about 1000C-in Figure 16.

    This means that these values show the lower states instead of the higher

ones when these gases are mixed with other low temperature oxidation gases,

though there is no change in the value when these gases are diluted by pure

air. This reveals a crucial defect of the value of CO/O, and C02102 and so

on for the detection of spontaneous heatings in the underground.

  IV. Considerations for the Early Detection of Spontane6us Heating

    There are two meanings in the early detection of spontaneous combustion

of coal: a wide and a narrow one. Narrowly interpreted it is to discover

a possibility 6r a sign of spontaneous combustion, or the combustion itse}f as

early as possible. Widely taken it is not only to discover these points but also

to judge the scale or to determine whether it is progressive, unchangeable, or
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retreating precisely. These judgements are called the diagnosisS).

    Now a b!g theoretical contradiction can be pointed out･ between the results

of Dr. Graham's experiments shown in Table 5 and the value of COI02 for an

early detection of spontaneous combustion in the underground which he ad-

vocated in his paper.

    According to his paper O.5% of the value of CO!O, indicates a warning

status and 1.0% indicates an extraordinary one when it is examined in the

            oou %
            x.. 20 M

            U

            X--            olO '---- '            U                                .            5･ colo2.            m5

             A -------             go

Noxouoo
oj

NR8
g
:
g

%
20

15

!o

5

o

25 50 75 1oo
 O]EMPERATURE

125

C02/02

    .

eC

CO!02

150

e

,

.

,

cu
o
×pa
oo
di

ou

9
8
ts

s
g

%
20

15

10

5

o

25 50

'

75 1oo
TEMPERATURE

'

,

oC

125 150

           .co21o2

     CO/02

      25 50 75 IOO l25. I50
                     TEMPERATURII OC
  FIg. IS. The changes of the values of COI02 and C02/02

(a) The oxidation at the beginning (b) The oxidation at 10 hours

later (c) The oxidation at 30 hours later, particle size 20-28mesh,

and mixture ratio 1500C 1 125eC 1 1000C 1 750C 1 50eC 1.
                   ))                                 7)



494-

  CV' l"
 -El 20
 ."N,

 u  aj l5
  oou

 'li io

  ts 5

S
  go

  Fig.

TABLE

Kiyoshi HAsHIMoTo

,
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'
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,
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                 TEMPERATURE OC
  16. The changes of the values of COI02 and COI02

mixture ratio 1500C 1, 125eC 2, 1000C 3, 750C 4, 500C 5.

  5. The relation between the oxidation temperature

     and oxidation time (by Graham)

Oxidation

temperature

   (eC)

20

30'

50

70

100

120

140

Oxidation

 hours

  (hr)

21
145

24
96

24
96

24
96

48
 96

 24
 96

 24
 96

C02 prod.

 02 abs.

  (%)

4.0

12.0

5.0

7.0

6.0

11.0

16.5
15.4

16.0
23.0

20.0
36.0

CO prod.

 02 abs.

  (%)

O,5

O.7

O.7

1,O

2.0

2.8

2.6

4.0

5.0

6,O

7.0

CO prod.

C02 prod,

  (%)

17
8

18

17
17

25
22

30
20

undei:ground, though the results of oxidation experiments show O.5-O.7% of the

value of COIO, at 200C, and O.7-1.0% at 300C.

    It is when the temperature of coai is higher than 1000C at the lowest that

a coal smell is emitted by the radiation of heat by oxidation, in which case the

value of CO/Oi must be 2.5% or more. That the value of COIO,, however,

is only O.5-1.0% even when the underground is in a dangerous conditions,

suggests that the gas produced by oxidation is diluted by gthgr cauuses.

    As it is mentioned in the former paper by this author, the value of CO/O,

does not have any change by dilution by pure air, but has a remarkable change

by mixing of other air including "blqckdamp". This will also be proved by
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the experiments explained in the preceding chapter.

    The result of the analysis of the underground gases gives waming at a

very low figures-of O.5-1.Q%. In spontaneous combustion the value of CO/02

is higher than O.5%, but on the contrary values higher than O.5% of the value

of CO!02 is not always a sign of the' beginning of a spontaneous combustion,

    It is already forty years since Graham published a method for an early

detection of spontaneous combustion, but a decisive method has not yet been
discovered[ Thus, it is emphasized that this is not because the results of gas

analysis are inaccurate, but because the'experiments in a laboratory does not

represent the conditions in the underground.

    As many students considered only about dilution by air or methane, Graha-

m's method by being improved, has been thought to be effective in the eariy

detection bf spontaneous combustion in the underground. The value of COI02,

however, gives various figures from the accepted figures to zero, if Graham's

method is applied in the underground, This means,that the result of gas

analysis is in the scope from an ordinary temperature to the maximum.

    This paper may have proved that the values of COIO,, CO,!02, COIC02,

COICO+CO,, etc., greatly vary according to the ratio of the mix of high

temperatureandlowtemperatureoxidationgases. '
    Thus a diagnosis or an early detection of spontaneous heatings by the

values given above is theoretically meaning}ess. Is an early detection of spon-

taneous heatings by gas analysis impossible, then? A definite negative answer
cannot be given. Yet the evident existen' ce of CO suggests suMcient doubt for

spontaneous combustion, and the increase of its density indicates the progression

of generation of heat by oxidation. As the gas is diluted by air and other

kinds of gases, its numerical value does not-indicate the degree of danger of

spontaneous combustion, and very often its rising rate gives a far lower figure

thanthatoftherealdanger.i ''' '
                            V. Conclusion
                                                            '    The foilowings are what have been known in regards t6 the early detection
      'of '

spontaneous combustion by gas ana}ysis as a result.of the oxidation experi-

ments at a constant temperature.
     i) It is ascertained that determing the density of CO and CO, is insu-

thcient for the early detection of spontaneous combustion, because of the dilution

effect during oxidation. " '
    ii) The increase of the density of CO and CO, indicates a state appro-

aching danger, because in oxidation at a constant temperature the density of CO

and C02 decreases as time elapses.
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    iii) The value of CO,10, is not useful in the detection of spontaneous

combustion, because it increases with time.

    iv) The value of CO!O, is considered to be usefui, though the value of

COf02 increases as time elapses, because the increasing rate is low,

     v) The vaiues of COICO, and COICO+CO, are not so important insofar

as an early detection of spontaneous combustion ls concerned.

    vi) In the present experiment the values of COICO, and COICO+CO,
show about the same canges.

    vii) The values of COIO, and CO!,O, greatly change when gases of various

temperatures are mixed in, but they do not give the values of CO!02 and C02102

at the highest temperature. Therefore they have a crucial defect in application

fQradiagnosisofspontaneousheatings. ･ '
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