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Study of the Oxidation Reaction in Bituminized Products by
Infrared Absorption Measurements

Investigation Group for Bituminization Demonstration Facility Incident
Yuichi Sano, Astuhiro Shibata, Yoshiyuki Kato,

Masayuki Yoneya and Tomozo Koyama
Abstract

In the investigation of bituminization demonstration facility incident, oxidation
reaction of bituminized products with air was considered to be one of the potential
causes for the fire incident.

In this study, the possibility for the proceeding of the oxidation reaction in
bituminized products was investigated with the fundamental data which were obtained
from the study on the oxidation reaction in simulated bituminized products by infrared
(IR) absorption measurements.

The results of IR analysis during the oxidation reaction in the simulated
bituminized products showed that functional groups with the oxygen generated mainly
under non-air atmosphere, but the dehydrogenation reaction proceeded simultaneously
under air atmosphere. It was also recognized that the change of absorption peaks
assigned to cyanides in the simulated bituminized products under the non-air
atmosphere was different from that under the air atmosphere.

The results of IR measurements for the bituminized products in filling room
indicated that the oxidation reaction (generation of the functional groups with the
oxygen) was occurred more furiously in the bituminized products made at around 29B
than that in the normal operation. They also showed a very little contribution of
dehydrogenation reaction and the changes of peaks assigned to the cyanides in the
bituminized products. These suggest that the oxidation reaction of the bituminized

products in the filling room might proceed under the non-air atmosphere.
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B 2-18 BRI LD BONE R ARY MIVEFRT. £/2. M2-19 2878
D 2900cm™ fHEIZ BT 2 HINEE (C-H HEEHICEREEINDZIE—Y) T
% 1700cm™ £3F (C=0 {EfEHESE) K 1600cm™ i (C=0 {FfE#RE. C=C {#
WIRE) CBITIRIGREDOHE LD EBOERT., LROXDIZ, 7X 77
I OBAERIEDETICHE> TIDENKELRB I ENTFREINS,

RIEHZBEREMR TH S RUN3 K0BONLHEBEREERL T, BRFO
U UBRBENEV RUN9 KU RUNIO Tid, 2900cm™ IZX9 3 1700cm™ KON
1600cm™ DIRELNL DR EL BB HEMMH 5 DD OHAERELIZA NN,
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e, NI A MN—FNOBEBERREDBVWICLSZEEIZTDONVWTS,
RUN9 %X RUNIO & DESNAERERENSRBBOBASHLTIEARN, 51T,
NI 2 MV —F OEBBMIC BT ZRIERSDOETEDENIZDONTD, F
RIE D S TRHHB IR S 2N,
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3. EZEMEAED R iﬂlli
EEEAIZ, MECRETERS 205 ELE R AERCEBLEEZD
T (BEICEAFETIZ) MENREL-RBAEICEDHTZTo .

3.1 8IE

3.1.1 EALRR T A RS
EEEEPICEENDIERH DD BIUEMKRITEHLZHOEMRIZ R #
EeEBL . WERGEZLTIZET.

<DHEE>
AItER FT-IR300 (HAE4E (BF) #)
<HEsE>

% 3-1 t:ﬁ‘é‘c‘;%ba 28, EREOEM (2 FU MBS TonT
32E R V2SR,

3.12 BEEHE

EEAEPICE N5 MBR{LRRICRBREEBRS KBRS T 5 FH
2EIEHI, ZEBMGEZZOEE (BRICBERETIR) BEMKELE R
BEZEBLE. BIEREZUTICRET.
<HEE>

AEE FT-IR300 (BAEDYE (k) #D)
<BEHE> |

% 32 ITRTEBD., 28, ESREOFER (YU ITMAEBSE) IOV T
XSE W 2SR,

RS AL 0ERL-EB(LEDO—E % CaF, RICEEBRMA LD O 2RIET >
TWVELE, '

32HR

3.2.1 IR RFEFIERS D IR fIE
BERBLVBLNE R AR MVO—EZK 3-1 IZ77. ¥k, ZSRRERE

EIZ L BHRINATENS 1700cm™ £HE (C=0 H#EHKE) KU 1030cm™ (C-O fHFE

HRE) HEOEP—VREICEBL. ERABCERZTORLBOZER 33 IR

T. ETIE. EREETHREAREN—E TR, TOXETRINS OREIX
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HEDMELENTERWD, FRBMEIC 1460cm™ MBICHRRBIEhBZE—2
(C-H ZARE) DOBETENTNOE—r7Z2RBLEL-EEZRDTVS, T
A7 7))V FOBLITHE, EREEREIIEML, £/ CHESRBEALTS (B
KERID) bDOEEZS5NSD, BIEKGOETICED ZO@IIEMTS
ENFEINS, & 3-3 T 1700em™ FHEQTRMUIF L TR SN/=EICD
WT, ZOENNETVEEDSIERICES IS,

£E& 0. 1700cm™ HEOHRIIZH U TRDSNEOEME EDITH TV
BROHZL TW L EBNHERTE, ZOBERIVERBOBLKEOETE
BVEHIBEFMTELBOLEAS5NS. AL LS 2EMIT 1030em” £HE
DRPUZ DN T HRHSEND. NS OERPERIIBNT, AlgzfTokizs
AEDREHNZDOWT, BENYFEEZ SN 97-M45 F ¥ > R—2 9B OFE
DEESNEEEOMICEDENRRSNTNEZENS, BERICHA, &
SDRBZEWR L ZEEFTRETAT7 7V NOBIERIEN L DETLEZDD
LEZ5N5, |

I, BEE—V OBELOED, 221 TBIERKBRESI T ZX 77V EOE
OEEE(CTEM (R BIE) ) TRNEZKZEH SARIIB VW TNRUEZTS
F- ERERILE OB RBABRS LD BESNS R AFEORRIGENT &EH
5., INSRBOBIENERDRENRICBVWTHEAZEEEND B,

3.22 EE(LEOEE IR JIE

EREEVESNE R ARY MVEE32ITRT. A8, BohEARY k
WIITRTHABEAOFRE—-ICELBBDEEZILNBZIR—ZX51 DS 5NV K
VDARKIZEDZDBDEEZSND /A XIXDNWTHEETO TS, ZNHD
REHZBWT, 222 TBERKIGBRIIBIZT AT 7)V b RUEO#EELLE
i (BEZE R JFE) ] TRARZLSIBREIFHITORERBICBNTEHRE
N3 C-HESITHFRTBHEM (2900cm™ 1HED C-H BHERE KRN 1440cm™ 1T
® C-H ZAEH) ORBIZETIHRONT, BEREDRIBITX 2 HARKIEMN
FEAEETL TRV EARREND. ‘

—%. ERHFICTEENBD T MEITRE S NS 2000~2200cm™ {HED E
— ik, FORRVBIABENREZSBLLL TR IKFIRDENS, H 3-3
RERB L DESNEARY FUITDWT, 2000~2200cm™ {138 D R IR
Eéh%%ﬂ%ﬁkbt%@?%éowfﬂwﬁﬂtjmt%&ﬂE—awﬁ
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HEVWRIE—IABNELLTNWE I ENERTES, TOXIRBELIT 222

MRCRISBRICBITZ 7 X7 7 )V b RUEOBERLEHE (BEE R AT ]
TR ZEKZW - = RICBIT 2 ERELE ORGSR DR ICERR &
NEART MIVOBLEBLUDOBDOTHY., ZNSEBILEFRIIBITETX
7 7V h OBERZEZ DI NRICBWTHET LA gEENkEN,
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4.F &0
FHEETIR, PX 77V NEULABBROEZ 53 AKERO—DEL

TETSNEIIZA M —FRTOEKDEERRMZIELB T AT 7)) F OBAL

RIGHET LRI DV THMZTO T &2EME LT, BEBEOR

{EREZELAD R JIEEZANTRHL. JOBRZREX T, EEBMMEE

VRSN RBEZEROBFTETH -,

T, AUKAKERE LU TETSNHBRBRORR OB E OIS
RICELT, BlEEPIcB T B ERIGITERER B RIETTEEIZD
WTREt 2fTo 7=,

S5, ZIZAMV—FITX D EBEXINZERELEICIDONT, BREER
VIR V=5 OBGESENBIEORIER I RITTES I OVWTTHES
o7,

BoNLERBEREZUTIZEED S,
OEKAZLERVZERFHKICB VW TNELE X N/ EEELEAED R BlERER

N5, INRNEROBEEEMEOMERRZRIARS PICE TN ERERED

HEN, ROFHKDEBWVWIZLDERRS (ELKE2H >R ICHEN, E5FH

K[KTREBRREREDERD D2 VWIEIBAERENLVETLTWS) Z&%

BRLz, £/ ZRFHKIUTBVWTINBUB INZMT A7 7))V P RUE

BEEED R BIEERENS. EREAEEIMT X7 7))V M, KDE

RIS (BRREEEDERD B VWIIBAZERS) SETLTWE L2

Rl |
QDEER LRV ZEEFHKICB I 2BFEELEOREE R BEOERNS,

RN O R ICBVWTRECHEBEOARIZX DB ERIINZIEERE

EEDERRISVETTZDICHL, BREBIICBVWTREKTOBRE

DRI L P ERFEEEEDEREEDITHAEREVETTZIE2HS

MIZLz, EEROFEKICL VRBELEROERS (27 1LY OF

IEOBRFHRRLD (K2 >R TIRHRRREERYNET BDIZH L.,

EREFHKTIIKREZIRBMBELCRN) JEERERLE.

QEBREORA S 2 BEOEREE (GRREE S3um KU 90 um) OREE R
BIEOHKENS, ZRBRELETICBVWTEAERICEENSERFAL DM
DWEETZT7 7))V NOBERBDPET LT W & 2R L,

OUBMEERORRS 2 MROEEEME (0.1w%KkT 2.0whiREILEY)
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DREE R WEOHREN S, ZRBRELETICBW TIEBEY OFRMIMEREE
EERDTZT 7 IV FOBERBICH L THEVEBERIFEIRVWI L5/
RBL7=.

OMBIIZ M —Fizk D EE TN EEELED R BIEORELD, &
WERHET TR, BERFOU VBBERVNITY X Ml — 5 \OEERER
MEORERT A 77V NOBERBICHEVREREEEZRIFERNI &
ZHER L, /o, MY X MV —F OEEBALIC BT B BALR IS DETE
DENVIZDONTS, FHEMNBELIZRSNaho 1=, .

OEBLAED R BIEEENS, kKZ2RELE 29 Ny FRIZIES NZEL
FTRTIIEENY FIEERTZ AT 7V b OBIERENE DEFTLTNWBE T &
2B L. 51T, BARERBBIZEAEETL TN T EERVERS
RIZEEND T MY OBEIIEERRSNB I ENS. ZOBIEREN
EIDIBZNRIZBNTEEDRIBIZE D AU mREENRKE VW EHTE S,

-15-



JNC TN8410 99—033

ZE X
1) D. B. Smith & H. E. Schweyer, Hydrocarbone Processing, January 1967, vol.46,

No.1

2) Wallance. W. S, et al, “SCIENCE and TECHNOLOGY of TRIBUTYL
PHOSPHATE?”, vol.1, CRC Press (1984)

3) RKB5E—. "BEBRLLOBREER", L2 T %4, 1986 4

4) £ERE. MAER. X 77V b, BRITEHEEE. 1963

5) A. Q. Muhammed, K. Fasihullah, Chem.-Ing.-Tech., Vol. 63, No. 2, p170-
171 (1991)

6) U.S. Pat. 2,450,756, A.J. Hoiberg. 1948

T BAERENOT X7 7))V FE{LLE 727 7 )V FELEOEZLMETER
Bk, PNC N841-73-17. 19734 7 H

8) KEMZM, T T 7 )b bECAERREER K KBRS D IR Ot i~
BT X7 7 )V FE{LARDFEE~, INC TN8410 99-031

9) KEBHEZM., 7 A7 7 )b bELALERRERR A KBRS D P HIRRE O~
REKFR T MU D LDKRET~. INC TN8410 99-037

10) SEHE/AM,. 7 A7 7)) bE{CABRER KR BRES O FHNEREEO G

~TAT77IVERTAERN RS LERERBE~. INC TN8410 99-029

-16-



JNC TN8410 99—033

221 BYLTNOBRMRUE

v FHR BE (C) AR =1
BT 7V R R 150 BA =23
Ei] & 200 BE Bx
] & 220 B B
il & 240 LA Yy
] &l 270 Y S/ X
& ERIE 150 B B
] El 200 EiA B2
il &l 220 /N Bx
& & 240 b/ B
B [&] 270 7 B
BB A7)V ZER 150 B R
] =] 200 B R
] ] 220 A BR
&l 5| 240 /N B
& El 270 L3 B
& 2B 150 B B
B | 200 BA B
Eil | 220 % B
G B 240 = -2
& [l 270 A B
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®2-2 BLBEOSRE (OECRETERS) & Y5 5N/IRBIGRERCHEL

1460cm™

BT FHK BE (C) 1700cm™ 1030¢m™ 1700/1460 1030/1460

My A7 7IV bk 2R 150 0.0019 0.0116 0.0013 0.164 0.112
200 0.0013 0.0044 0.0003 0.295 0.068

220 0.0003 0.0008 0.0003 0.375 0.375

240 0.0004 0.0012 0.0003 0.333 0.250

M7 A7 7 b BRIRL 150 0.0014 0.0128 0.0011 ©0.109 0.086
200 0.0012 0.0078 0.0007 0.154 0.090

220 0.0024 0.0142 0.0009 - 0.169 0.063

240 0.0018 0.0099 0.0006 0.182 0.061

270 0.0014 0.009 0.0007 0.156 0.078

BT A7 7 )V b 28, 150 0.0007 0.0034 0.0005 0.206 0.147
200 0.001 0.0042 0.0007 0.238 0.167

220 0.0007 0.0026 0.0003 0.269 0.115

240 0.0009 0.0032 0.0005 0.281 0.156

270 0.0006 0.0012 0.0008 0.500 0.667

BBy A77I)V | B&A2L 150 0.0012 0.008 0.0006 0.150 0.075
200 0.0016 0.0118 0.0008 0.136 0.068

220 0.002 0.011 0.0009 0.182 0.082

240 0.0014 0.0076 0.0005 0.184 0.066

270 0.0015 0.007 0.0004 0.214 0.057

£€€0—66 OTV8NLL ONI



IRIAIZE % 324 U e REMLARS (MIBILRREES)

#3-1
g SEA K< L No. 7% FNo.
9B 97-M45-9B
10B 10B
27B 27B
B3-A4 30076 27B
B2-BPure 30077 28B(27+28)
B2-B2 30077 28B(27+28)
B2-B4 30077 28B(27+28)
Al-Cl 30079 28B(27, 28+28)
Al1-C2 30079 28B(27, 284+28)
B4-B1 30081 28B
B4-B2 30081 28B
B5-B1 30083 28B
B5-B2 30083 28B
B5-B3 30083 28B
B6-B1 30085 28B
B6-B1 (H) 30085 28B
B6-B3 30085 28B
B6-B3 () 30085 28B
BoRUE &8 30085 28B
POIEE R (8) 30085 28B
B7-B1 30087 28B
B7-B2 30087 28B
B7-B3 30087 28B
A6-B1 30088 29B(28+29)
A6-B4 30088 29B(28+29)
B8-B1 30089 29 B(28+29)
B8-B4 30089 29B(28+29)
B8-B4 (H) 30089 29B(28+29)
BSIEE & 30089 29B(28+29)
BSIE AR () 30089 29B(28+29)

itk k2 ANo. 752 ¥ No.
A7-Al 30090 29B (28, 29+29)
A7-A20D 30090 29B (28, 29+29)
AT-A2Q 30090 29B (28, 29+29)
A7-A3 30090 29B (28, 29+29)
A7-Ad 30090 29B (28, 29+29)
A7-Bl 30090 29B (28, 29+29)
A7-C1 30090 29B (28, 29+29)
A7-C2 30090 29B (28, 29+29)
A7-C3 30090 29B (28, 29+29)
A7-c40D 30090 29B (28, 29+29)
A7-C4Q 30090 29B (28, 29+29)
B9-Al 30091 29B
B9-A2 30091 29B
B9-A3 30091 298
B9-A4 30091 29B
B9-B1 30091 29B
B9-B2 30091 298
B9-B3 30091 29B
B9-C1 30091 29B
B9-C2 30091 298
B9-C3 30091 298
B9-C4 30091 29B
B9-C4DQ 30091 298
A8-A1 30092 298
A8-A2 30092 29B
A8-A3 30092 29B
A8-B1 30092 298
A8-C1 30092 29B
A8-C2 30092 298
A8-C3 30092 298
F1- L LOZM—IBEOKEMHL 30B
F1-F IR M=o OWHL 30B

€680—66 OT¥8N.L ONI
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%32 RRABZERELERBLERH (EENZ)

Rz K > No. HENYF
9B 97-M45-9B
10B 10B

B3-A4 30076 27B
B4-B2 30081 28B
A7-Al 30090 29B (28, 29+29B)
A7-A3 30090 29B (28, 29+29B)
B9-B1 30091 29B
B9-B3 30091 29B
B9-C1 30091 29B
B9-C2 30091 29B
B9-C3 30091 29B
B9-C4 30091 29B
A8-A3 30092 29B
A8-C1 30092 29B
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#3-3 RELGOIRMEHER (RIELERTERS)

1 2 3 5
HEg ¥ 5 No. 759 FNo. 1460cm’ 1700cm* 1600cm’ 1030cm'* $o 7N
(abs) (abs.) (1) 9BX O (abs.) (1) IBLDE (abs) (1) 9BL DB FLAR
RO ———— o p— t— T —— ——— S
9B 98 274650 0.08516 0.031 0.15181 0.055 0.12649 0.046
108 108 096720 0.02184 0.023 0.05148 0.053 0.03954 0.041
278 _ 278 1.14943 0.05470 0048 0.05074 0.044
B2.62 30677 | 28B(27428) 0.66495 004617 0069 0047 0.03608 0054 0031, o)
B2-BPure 30077 28B(27428) 0.54891 0.03658 0.067 0.039 0.03496 0.064 0.041 o
B8-B4 (@) 30089 29B(28+29) 0.64620 0.04226 0.065 0.038 0.03759 0.058 0.03% [e)
B6-B3 () 30085 238 057166 0.02975 0.052 0.024 0.02422 0.042 0.019 x
A7-CAD 30090 9B (28.29+29) | 0.48596 0.03176 0.065 0.038 0.02396 0.049 0.026 [e)
B2-B4 30077 28B(27+28) 0.70569 0.03944 0.056 0.028 0.03258 0.046 0.023 ?
89-CaDD 30091 2B 0.48891 0.03561 0.073 0.045 0.03437 0.070 0.047 [e)
B9-C4 30091 298 050252 0.03368 0.067 0.035 0.03406 0.068 0.045 <)
B3-A4 30076 278 0.67948 0.03357 0.049 0022 0.02533 0.037 0.014 PN
A7-CAD 30090 298 (28,29+429) | 050832 0.03500 0.069 0.041 0.02672 0.056 0.033 [e)
B6-B3 30085 28B 0.63908 004229 0.066 0.039 0.03264 0.051 0.028 x
A7-Al 30050 20B (28,29429) | 0.61968 003774 0.061 0.033 0.03863 0.062 0.035 [o)
B7-B3 30087 28B 0.54027 0.03528 0.065 0.038 0.02640 0.049 0.026 N
A7-A20 30090 29B(28,29+29) | 0.79678 0.04849 0.061 0.033 0.04855 0.061 0.038 o)
A7-C 30090 29B (28,29+29) | 0.61266 0.04028 0.066 0.038 003354 0.055 0032 [e)
AT-C2 30090 20B(26,25+29) | 0.55302 0.03482 0.063 0.035 0.02832 0.051 0.028 [e)
F1- L 308 0.74382 0.05087 0.068 0.041 0.04647 0.062 0.039
B7-B1 30087 288 0.56706 0.03697 0.065 0.038 0.03244 0.057 0.034 A
B8-B4 30089 29 B (28+29) 0.68013 0.04269 0.063 0.035 0.03649 0.054 0.031 X
A7-C1 30090 28 (28,29429) | 055936 0.04166 0.074 0.047 0.03359 0.060 0.037 [e)
AT-A4 30050 29B(26,29429) | 0.63942 0.04176 0.063 0.036 0.04024 0.061 0.038 [e)
B A () 30089 29B(28+29) 0.71165 0.04309 0.061 0.033 0.03736 0.052 0.029 713
AT-A2Q 30090 29B(28,29429) | 0.62108 0.0424 0.068 0.040 0.03598 0.064 0.041 [e)
B5-B1 30083 288 057036 0.03438 0.060 0.033 0.02682 0.047 0.024 x
FI-T 30B 0.63086 0.04616 0.068 0.040 0.04849 0.071 0.048
BS-B3 30083 288 0.59625 0.03746 0.063 0.035 0.03171 0.053 0.030 x
A7-A3 30090 29B(28,29+429) | 0.75277 0.05236 0.070 0.042 0.04566 0.061 0.038 [e)
B9-Al 30091 298 048125 0.03176 0.066 0.038 0.03346 0.070 0.046 A
A6-B4 30088 29B(28+429) 0.49145 0.03059 0.062 0.035 002370 0.048 0025 x
B5-C3 30091 29B 0.52049 0.03574 0.069 0.041 0.03231 0.062 0.035 [e)
A7-Bl 30090 298 (28, 29+429) | 052956 0.03523 0.074 0.046 003228 0.061 0.038 x (K)
B6-B1 30085 288 0.56868 0.03507 0.062 0.034 0.03048 0.054 0.031 x
BeEREE (H) 30085 288 0.61778 0.03685 0.060 0.032 0.03598 0.058 0.035 13
B9-C2 30091 298 0.55671 003790 0.068 0.040 0.03489 0.063 0.040 [e)
AB-Al 30002 298 051622 003546 0.069 0.041 0.03759 0.073 0.050 X
B5-B2 30083 288 0.57291 0.03355 0.059 0.031 0.03412 0.060 0037 x
AB-A3 30092 298 0.54585 0.02514 0.046 0.018 0.03228 0.059 0.036 x
BARESTED 30089 25B(28+29) 056222 0.03799 0.068 0.040 003624 0.064 0.041 13
Al-C2 30079 28B(27, 28+28) 054251 0.03656 0067 0.040 0.03698 0.068 0.045 [e)
B6REE 30085 288 0.48038 0.03115 0.065 0.037 0.02973 0.062 0.039 E13
B9-A4 30091 298 0.66008 0.04442 0.067 0.040 0.04231 0.064 0.041 x
Al-Cl 30075 28B(27, 28428) 052054 0.03655 0.070 0.043 003727 0.072 0.049 [e)
B9-A2 30091 29B 0.53985 0.03778 0.070 0.042 0.04588 0.085 0.062 x
B9-C1 30091 298 0.56007 0.04619 0.082 0.055 0.04319 0.077 0054 [e)
AB-AZ 30092 298 0.72852 005332 0.073 0.046 0.05372 0.074 0.051 x
B9-A3 30091 298 0.68597 0.04569 0.066 0.039 0.05570 0.081 0.058 x
B6-Bl () 30085 28B 0.58390 0.03698 0.063 0.035 004525 0.084 0.061 x
B3-B1 30089 298 (28+29) 057725 0.03826 0.066 6.039 0.04956 0.086 0.063 x
B89-B2 30091 298 0.53713 003437 0.064 0.036 0.04651 0.087 0.064 x
B7-B2 30087 288 0.50559 0.03752 0.074 0.047 0.03966 0.078 0.055 x
B9-Bl 30091 298 037793 0.02902 0.077 0.049 0.03810 0.101 0.078 N
A3-C3 30092 298 0.64352 0.04424 0069 0.041 0.05451 0.085 0.062 X
AB-Cl 30092 298 049462 0.03605 0.073 0.045 004792 0.097 0074 X
AB-C2 30092 29B 0.55497 0.03934 0.071 0.043 0.05840 0.105 0.082 x
AS-B1 30088 29B(28429) 058600 0.04629 0.079 0.051 0.05563 0.095 0072 x
B9-B3 30091 298 0.65810 005244 0.080 0.052 0.06003 0.091 0.068 x
AB-B1 30092 29B 0.40894 0.02399 0.059 0.031 0.03843 0.094 0.071 x
B4-B2 30081 28B 0.50466 0.03402 0.067 0.040 0.06320 0.125 0.102 x
B4-B1 30081 288 0.49492 0.03234 0.065 0.038 0.06353 0.128 0.105 X
QO : BARMOBLHIZEN
A RELLLEHRESHS
X EBEZOR®EHS
X (K) YT FYLTBE KBoTVR
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