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Abstract—The characteristics of critical spontaneous ignition of granulated activated carbon were investiga-
ted at a constant ambient temperature and sinusoidally varying ambient temperatures. At a constant ambient
temperature, the larger vessels vielded the lower critical spontaneous ignition temperature. The apparent
activation energy calculated by the Frank-Kamenetskii's thermal ignition theory was 38.82(kcal/mol). At sinu-
soidally varying ambient temperatures, the critical spontaneous ignition temperature was generally lower
than that measured at the constant ambient temperature. For the amplitudes 5C and 10T, a period of
1 hour showed the minimum value of the critical spontaneous ignition temperature, and for the amplitude
of 15T, a period of 2 hours showed the minimum value of the critical spontaneous ignition temperature.
The Frank-Kamenetskii’s parameter 8¢, ®) was determined from the results.

.M B £ F-2o A2 i Algake] Zdiste] AN BAE

depo 2 $4, ARake 7137} ol dol weh Hshele]

ool Al ARe SHEAS AR S 2AshA ShEolE AEIE Qalo] Hof ), Sug
Eog sapelE oysh kst olsbn glem, & deslE Amsh A ek =8 AHAe] #AA

538



°o]7] wjEol 2&3HA dhFr] 4 & Hall & sk
73571 ek

Apdtshe ]Ro 4 o}f-7 Azbfle] gl AeellAl
Edo] F7159 Aol M zld A o g e sta, 2 do]
717 A= o] opW Wiyl 2gEo d4E o
2.7z dadelvt 1] R o Fell A 2] - A7 EF 52
2As0E FA g3 AL TN & 3R A
Sz st Aol £ddle HAe] FR w3 S
3t Afolle Qs A7) ol BFolrh
sk 4 249 A3, F ¥ Bl Fogle
BAx79 A& vt 357 Wk &, Wd =) 42
el glod o] dAgo] golx do] &A= of
H, ubdel] B E7] of#]g- Alefoll glo Whdgtol
Holx 53] o] FAHE 4= 97| o Eolc) wepy
sl E38 oo FHaH | glor, Aduts}
A 37 7o) ZE BAE JH = Aol &
T Utk

AL ofpFAde] FH3ta vlEHAe] B2
AxAF £z FHAF 7AE Fisld H3qo =
&3l7] b2 Agod FHY 7S Fhsle] Hdg
Aol Abspdrde] 7hs) A L8 sk A9 B 2
g B el A fo1 8RS gol ARS-Shas AR A el
A Adae] A 337 sk, o ukE 935t
Al 7144 F71Y AAE fstd Faguldl
dAdgAete] go] AHEE I gle Aok

gAJere] xjadgstel] @slel= Boden $(2]2 ¥4
ehe] zpeddkslo) v| A= AbhFE e S A7 L,
Takeda®} Akita[3]v FH2=E5 A S o €
Aeke] zpelvbslol w]A = AFAFALY] o dfol| B A
& #3slgl.on, Sagaguchi®} Uehara[4]+ FH2&
wslol] 7 Bd@Adte] xpeditstel diste] A7 E
g steict w3t Adler 5[5, 6]-2 Frank-Kamenetskii <
o2& 8% FriAel 2xusE HIAFAAN o W
334 oo Lxwisy) LA 2§ AFATle
AL o)lgH o2 ¥q]stgw, Thomas S[7]& WE=2
2.2 A9 ubS-A ol 27 zpdi3te] gl ] mdoj
W& 78 B89, Bowes2t Cameron[8]-2 84
gt sl U7 L= Wdel| wtE AUt A
J73tsl 1, Bowes[9]& Adler 59 F7]2ql x4
glo)] @& AFE wigto g WERHA 25 I 24}
Ale Asstenh e qlabd Al sk Bk A¥A A
T A9 gde Aol

maba] £ Qe e YAEARH(8X 12 mesh) & A
B2 AHgsle] dzdle FerE dAEHA WAL
o] WAL E AYPHo R Film, 2R 8A
F2 g T3 FAl FH2EE HIFHAYoR

539

—

Co

el ®

ro ]

S

Fig. 1. Schematic diagram of experimental apparatus.
1. Electric furnace 7. Sirocco fan

8. Heater

9. Fan

10. Chromel-Alumel

thermocouple

2. Sample

3. Cold junction

4. Program controller

5. Temperature recorder
6. Relay switch
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Table 1. Composition of the used granulated activated car-
bon

A - A

Table 3. Relation between critical spontaneous ignition tem-
perature and thickness in each sample vessel

Ash  Fixed carbon Volatile material lodine value
194%  8343% 14.63% 21600 mg/g

Table 2. Physical properties of the used granulated activa-

ted carbon
Heat conductivity K 39X10°° Kcal/m-s-K
Specific heat G, 0.25 Kcal/kg-K
Packing density p 52X 107 Kg/m?

Thermal diffusivity « 3.0X10°7 m?/s

Where, xk=K/C,-p
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Fig. 2. Temperature records for autoignition of activated
carbon.
(sample vessel size: 20 cmX20 cm X7 cm)

o2 257} gashe Aol

Fuy 2702 AU PEs] AR} BB 3
Aewsh wstshal wd FHneEste ol 1T

ol3h2 HE FollH AL ERT PAe) AFLES
WAL ER seich

3. 4o % n@

3-1. TR E AW slE ool WHBARE

A gl 259 i3t Yl g o4r] ¢4t Chromel-
Alumeld A 24 A 8FAe] 2EE 7|EA 4 7]&3}
Ack AEe A3 7 ARE7] slelde AYAE
T2 RE] 3 43HgHA & £ 2 Table 3¢ vehiigl e,
2719 #Z7)7F AWl we} WIFALEE P
23S Jepiigich o] A& FAV FAETE
g 2] F#o] folsle] ¥pdo] vpm7] wjEolab F2
=}

=& Fig. 29} 3ol AYL #3519 A 54756l A
4719 @77t HL£71(20cmX20cmX7cm)d o %
zo} wlutslel gt A& vebAch



Qe AL o ze] BT A7 541

300

— satting tamp.
— sample canter temp
= ambient temp

N
wn
(=}

[N

[=]

Q
T

Temperature (C)
> @

(=} (=]

T

wn
=]
T

[

9 12 15

(=1
w
=2

Time (hr)
Fig. 3. Temperature records for non-ignition of activated
carbon.
(sample vessel size: 20 cmX 20 cm X7 cm)
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Fig. 4. Determination of activation energy.
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Table 4. Experimental results at amplitude 5°C

(] .
2

A% Y4

Exp. Period Period Tgnition Sample Max. temp.erature . Igniti(.)n .
No (hr) averaoge distinction centtzr r.ecord1.ng Enductlf)n CSIT(T)
temp.(C ) temp.(T) time(min) time(min)
1 0.5 150 * 156 821 - 1575
2 154 * 165 719 -
3 156 * 176 768 -
4 157 * 188 805 -
5 158 0 513 995 750
6 1.0 156 * 171 769 - 156.5
7 157 0 534 1,020 690
8 158 0 518 941 694
9 15 156 * 172 760 - 1585
10 157 * 176 740 -
11 158 * 180 734 -
12 159 0 513 903 663
13 160 0 515 931 687
14 2.0 158 * 171 838 - 163.5
15 160 * 177 837 -
16 162 * 186 833 -
7 163 * 199 917 -
18 164 0 521 1,060 760
19 25 164 * 186 748 - 164.5
20 165 0 513 970 691
21 166 0 515 1,009 703
22 3.0 164 * 186 708 - 165.5
3 165 * 191 780 -
24 166 0 510 923 656
Table 5. Experimental results at amplitude 10°C
Exp. Period Period Ignition Sample Max. temp_erature »Igniti(')n ]
average . center recording induction CSIT(T)
No.  (hr) temp.(T) distinction temp.('C ) time(min) time(min)
1 1.0 158 * 171 827 - 160.5
2 160 * 192 842 -
3 161 0 516 1,053 792
4 162 0 518 1,080 816
5 15 160 * 182 801 - 161.5
6 161 * 165 777 -
7 162 0 513 1,032 768
8 20 162 * 177 743 - 166.5
9 164 * 182 738 -
10 166 * 191 735 -
11 167 0 521 968 674
12 168 0 515 1,043 743
13 25 164 * 177 838 - 165.5
14 165 * 182 805 -
15 166 0 518 1,000 691
16 3.0 162 * 178 778 - 163.5
17 163 * 188 738 -
1& 164 0 507 1,022 714
19 166 0 515 1,133 773

Bpstalst M31H M5E 19934 108
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Table 6. Experimental results at amplitude 15°C
iod . iti
Exp. Period Perio Ignition Sample Max temp.erature -Igrutlc.)n :
average o center recording induction CSIT(TC)
No. (hr) . distinction - . . . .
temp.(T ) temp.(T ) time(min) time(min)
1 1.5 164 * 186 808 - 165.5
2 165 * 199 829 -
3 166 0 515 1,020 706
4 2.0 162 * 191 736 - 162.5
5 163 0 519 926 667
6 164 0 503 930 637
7 166 0 507 916 605
3 25 162 * 183 704 - 162.5
9 163 0 515 908 655
10 164 0 524 979 705
11 3.0 162 * 179 847 - 164.5
12 164 * 188 763 -
13 165 0 521 1,016 722
14 166 0 519 987 720
15 170 0 518 797 555
600 300
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Fig. 5. Temperature records for autoignition of activated Fig. 6. Temperature records for non-ignition of activated
carbon. carbon.
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Fig. 7. Relation between period and critical temperature
at amplitude 5°C.
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Fig. 8. Relation between period and critical temperature
at amplitude 10°C.
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8.(e, 0)=38{1—0.654 exp (—0436-0"*)} (15)
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8(e, ©)=8{1-0.804 exp (—0.324-0*")} (16)
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(1) F9255 A #A8& o A5 §7]9
2717} S5 Wl e wolR & A S ey
Art

(2) Frank-Kamenetskii®] g4ts} upai2 o 2 3e 3
7] 43t A & 73 A3 38.82(Kcal/moD) &
At

(3) FYexs HATHA o2 WA 5o o
YA EE FALEE YA FAA A Avr
A Jehbs A%S 2ok

(4) AE 5T 2 10T oA F717} 1.0 74 of 3
Ao HAAE Jehiged, 21F 15C M=
F7] 20270 A HAAE Rt

(5) ME 5C, 10T, 15C 4] wrslgpAlexe] 2
AP S opgat o] F3bgdc)
8(e, w)=58{1—0.405 exp (—0.849-w"*")}

8.(g, ®)=6{1-0.654 exp (—0.436-x'*)}
8.(e, ) =6{1—0.804 exp (—0.324 ")}

ABY|1E
A :constant obtained from experimental value [-]
A, :pre-exponential factor of Arrhenius equation [-]
a  : half thickness of sample vessel [cm]
B  :constant obtained from experimental value [-]
C, :specific heat [cal/g-k]
E  :activation energy of reaction [cal/mol]
K :heat conductivity of body [cal/cm-s-k]
P  :period [hr]
Q :heat of reaction per unit mass [cal/g]
R :universal gas constant [cal/g-mol]
T, :ambient average temperature [k]
T, :ambient high temperature [k]
T. :critical spontaneous ignition temperature [k]
d  :dimensionless reaction rate [-]
5. :critical Frank-Kamenetskii parameter for con-

stant ambient temperature [-]
8.(¢, w) : critical Frank-Kamenetskii parameter for
ambient temperature variation [-]
: dimensionless amplitude [-]
: dimensionaless temperature [-]
: thermal diffusivity [cm?®/s]
: dimensionless distance [-]
: packing density [g/cm®]
o, :critical ignition temperature rise [-]
: dimensionless time [-]
: values obtained from [eq. (13)] [-)
® :dimensionless angular velocity (-]

O I X DO M

> a

1 du/i= LB e TR, ¥ TEFM (1971).

2. Boden, N,, Cullis, C. F. and Fish, A.: ] Appl. Chem.
Lond., 12, 145(1962).

3. KHAEL, TKkH—#E : 2 T8, 14(3), 131(1975).

4. WOEE, LFEE— £2 T8, 27(2), 70(1988).

5. Adler, J., Barry, P.A. and Bernal M.]J.M.: Proc.
Roy. Soc, A370, 73(1980).

6. Adler, J. and Herbert, D. M.: Ibid., A384, 455
(1982).

HWAHAK KONGHAK Vol. 31, No. 5, October, 1993



546 A - Zads - 4

7. Thomas, P. H. and Bowes, P. C.: Br. . Appl. Phys., 10. EXILEBT ) B
12, 222(1961). 11 TG ER KK, w3, 1, 26(1983).
8. Bowes, P. C. and Cameron, A.:J Appl. Chem. Bio- 12. Frank-Kamenetskii, D. A.: Diffusion and Heat
technol., 21, 244(1971). Transfer in Chemical Kinetics Translated by App-
9. Bowes, P.C.: Self-Heating, Chapter 10, Elsevier leton, J.P., 2nd Edn.(1969).
(1984). 13. R AL THEXEH&E, 38(5), 244(1976).

3p2ia8t H31A HISES 19934 108



