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A Study on the Autoignition of Granulated Activated Carbon
with Change of Oxygen Concentration
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ABSTRACT

The characteristics of critical spontaneous ignition of granulated activated carbon were investigated in
atmospheres of differing oxygen concentration. At the same concentration the larger vessels yielded the
lower critical spontaneous ignition temperature. At the same vessel, as the concentration of oxygen was
reduced, ignition occurred later and at higher ambient temperature, and critical spontaneous ignition
temperature increased. The apparent activation energy calculated from the Frank-Kamenetskii’s ignition ‘

theory appeared to be the slight different value respectively and the mean apparent activation energy was
19850cal/mol.
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Fig. 1 Schematic diagram of experimental apparatus for
granulated activated carbon

Aeze A 22 NFF ULFH WL
(45cmX45cmX45cm) 9 FEPA F2x2A
Re 222X E dF3A /A7 S3d
Sirocco fang F-3do] YRFE A ¢BFAA
on, o] ezl g+ 1000We 38 2718
Az st

e AR w7|fde AL X3t HA

86

2rHT YRexyl 22w Ydo] A9xd
o& Mol FAFHA FHY. dAdE 2x9
Chromel-Alumel @A 24 F3 L 0.35mmol X
FHLE Aol & 2RI AFY FHEE =
Agog Agsgen, Axe Agsr)e e
Z9 Y F4d 231, A= ANa4n9 F
Al AAq.

2 %A o8] (KonicsA EC-5600)+ T2 1% ¢
AR o8 FHLEE Aot WAooz Yy
g AN RAE 252 A £ ULE Fd
AR exe} vlmatn, 1 zolo] o3 279 ¥
AFAE Aojstn o] 24Xz AR
%<& ON-OFFE Aot 2x7|E3Ae
YokogawaA pen type”] &7l (Model 4151)& A3
2= 2 AEY FHLEE JEFT A58
t 34e YA R 3o T3] P2 E
3lo.H, o] £7]& 300mesh® stainless® ZH2
2 e A Bk o)9le) BWe o 1emd 4
dHe g ddAHY £§ AR89 AViE A
£71(20em X 20cm X 3cm), B-$71(20cm X 20cm X
5cm), CE71(20emX20ecmX7cm)E 2Hzt A &Hs}
o] A5

Oxygen index meter(Toyoseiki#l S-M)= &2
2 Rl ihe Aie §3FE 2dste] Yo d
459 FEE 22 W Fsl=d A3
1=

3.2 dENz

AEE BN 57187 FRELZ WOl A
$93 Qe 487 982 FREI} 2L QAW
HR(—4/+8 mesh)e AHESHETm, YREE
Table 1o tehiglon], ose A% 353
()9 data®& TUhZ AHESHAT

Table 1 Compoasition of the used granulated activated
carbon

Ash | Fixed carbon
1.95% 83.16%

Iodine value
235mg/g

Volatile material
14.89%
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Table 2 Experimental results for axygen concentration
change with constant ambient temperature
(vessel size : 20cmX20cmX3cm)

Orygen | Ambient | Tgntion | e [MRmum temp fgnion | oo
A center recording | induction
con, |temp.(C)| distinction R N R o
temp. (C}{ timelmin) | timeimin)

182 Non. 186 178 | -
183 Non. 194 184 |

12%
184 Ign. 438 325 169 |183.5
186 | Ign. | 442 304 178
178 Non. 182 186 1 -
180 Non. 189 198 | -

16% 181 |- ign. 419 326 183 1180.5
182 Ign. 417 301 162
190 Ign. 458 331 178
176 Non. 186 192 | -
177 Non. 190 196 | -

21%
178 Ign. 476 326 177 | 177.5
180 Ign. 458 304 172
174 Non. 178 182 |
176 Non. 185 189 | -

25% 177 Ign. 372 388 194 11765
178 Ign. 458 298 158
180 Ign. 410 302 136
170 Non. 170 194 | -
174 Non. 178 196 | -

30% 175 Ign. 410 342 188 | 174.5
176 Ign. 498 323 173
178 Ign. 450 319 178

Where Non. : non-ignition
Ign. . ignition

CSIT : cntical spontaneous ignition temperature
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Fig. 2 Temperature records for non-ignition of activated
carbon (sample vessel
size - 20cmX20cmX3cm)
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Fig. 3 Temperature records for autoignition of activated
carbon (sample vessel
size : 20cmX20cmX3cm)
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Fig. 4 Temperature records for non-ignition of activated
carbon (sample vessel
size  20cmX20cmX5cm)
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Fig. 5 Temperature records for autoignition of activated
carbon {sample vessel
size : 20cmX20cmX5¢m)
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Table 3 Experimental results for oxygen concentration
change with constant ambient temperature
(vessel size : 20cmX20cmX5cm)

MBS HE0) L2 YNuNEl HlYsol Bg 6P

Table 4 Experimental results for oxygen concentration
change with constant ambient temperature
(vessel size : 20cmX20cmX7cm)

Where Non. : non-ignition
Ign.  ignition

CSIT : cnitical spontaneous ignition temperature
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Onygen | Ambient | Tgnon Sample Maxlmumvtemp. .Ignltl?n csiT Onygen | Ambient | lgaiton Sample Maxnmum. temp. vlgnm.on oSIT
con. | temp (€| disinction center r.ecordl?g {nductxf)n @ con. [temp. 1T disincion center fecordx?g mducnfm e
temp. (C)| time(min) | tme(min) temp.!T!| timelmin! |tme!min!
160 Non. 174 284 | 145 Non. 176 508 | -
161 Non. 177 294 | - 129% 147 Non. 179 462 | -
12% 162 Ign. 477 480 258 | 161.5 148 Ign. 560 702 426 | 147.5
163 Ign. 453 636 366 150 Ign. 542 668 387
164 Ign. 509 462 298 144 Non. 177 468 | -
165 | Ign. | 510 510 270 169 | 19| Nom | 18 SO}
157 Non. 186 269 - 146 | Ign. 538 612 327 | 145.5
16% 158 Non. 194 277 | - 148 Ign. 535 625 324
159 Ign. 358 516 290 |158.5 140 Non. 170 462 | -
160 Ign. 331 366 292 142 Non. 172 438 | -
155 Non. 180 249 | 21% 143 Non. 178 414 | -
156 Non. 194 262 | 144 Ign. 535 540 309 | 143.5
21% | 157 Ign. 339 508 330 |156.5 146 Ign. 548 536 348
158 Ign. 379 563 300 140 Non. 168 468 | -
159 Ign. 478 525 291 5% 142 Non. 177 480 | -
152 Non. 165 06 | - 143 Ign. 537 570 349 | 142.5
154 Non. 168 204 | - 144 Ign. 546 585 360
25% 155 Non. 172 252 | - 138 Non. 163 563 | -
156 | Ign 479 534 330 |155.5 s | 130 | Nom | 169 516 | -
158 Ign. 482 564 316 140 Ign. 540 612 385 |139.5
152 Non. 181 312 - 142 Ign. 552 608 378
153 Non. 189 294 neee Where Non. : non-ignition
30% 154 Ign. 529 426 285 | 153.5 Ign. :ignition
156 Ign. 528 450 258 CSIT ! cnitical spontaneous ignition temperature
158 Ign. 543 438 292
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Fig. 6 Temperature records for non-ignition of activated
carbon (sample vessel
size | 20cmX20cmX7cm)
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Fig. 7 Temperature records for autoignition of activated
carbon (sample vessel
size : 0cmX20cmXT7cm)
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Fig. 9 Detemmination of activation energy
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Fig. 8 Relation between oxygen concentration and
critical spontaneous ignition temperature

ARG A 52 ARSI AdaEEe] W

Joumal of KIS Vol. 10, No. 2, June "%
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of Wz BEIALexs ARy BAHFAUAE 8 :dimensionless reaction rate =]

T3 Ax UL e A2 4k 8. :critical Frank-Kamenetskii parameter

1) 9% daFrdME A8E7Y FAVL T for constant ambient temperature =)
ALFE BFA LTI YAl JERT Yo # : dimensionless temperature =)
o, SR EAILT ARFAY Hu2Ed © 6., - critical ignition temperature rise =]
g3l Algto] Zojx|x gl ¢ ! dimensionless distance (-]

2) BYE 27 E i Er) ZUH uet P . packing density (g/cm®)
Bl Ee Zadtgdon, AAFLr} T dimensionless time (=3
12%°0 30% =2 F7hgel wel d3sAEx
7} 8~9TC A% A Jehyt). % 12 8

3) Frank-kamenetskii’s parameter®] 222 3¥E
T dasx sl bE ZRY) g4ty
Ae %Y Aol Poy, I HaAge
19850cal/mol-& A1 tl.
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