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Table 1 Experimental condition

Test |Wo |Pile geometry Method Water \Y%
of ignition application
Test 1 {20 |15 cm(h), 70 cm(dia) |heptane (3 dm’) |mist no
at t=30
Test 2 (9.5 |12 cm(h), 50 cm(dia) |Electric heater  |no no
Test 3 |20 |15 cm(h), 70 cm(dia) |no no 50 (0<t<50)
Test 4 |20 |15 cm(h), 70 cm(dia) |heptane (3 dm’) |no 10 (30<t<50)
20 (50<1<70)
30 (70<t<90)
40 (90<t<110)
Test 5 {20 |15 em(h), 70 cm(dia) |heptane (3 dm’) |no 50 (30<t<90)
Test 6 |20 |15 em(h), 70 cm(dia) |Electric heater |no 10 (30<t<50)
20 (50<t<70)
30 (70<t<90)
40 (90<t<110)
Test 7 {20 |15 cm(h), 70 cm(dia) |Electric heater  |no 50 (30<t<90)

Woinitial weight of RDF pile [kg]
t:time after ignition [min]

V:supply rate of nitrogen [dm’/min]
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Fig.6.  Thermal image of a pile. Test 3.
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Table 1 Condition of experiments.

Test A |[Test B Test C Test D
Initial weight, kg 5 5 5 5
Weight of virgin pellets 15 15 15 15
used for covering, kg
Location of exit of pipe - h=8 cm h=9 cm h=14 cm

r=7.5 cm =14 -cm =0

Supply rate of nitrogen - 10(30<t<50) | 10(30<t<50) |10(30<t<50)
gas, dm’/min 20(50<t<70) |20(50<t<70) |20(50<t<70)

h: height from the bottom

r: distance from the centre axis of the pile

t: time after ignition

Centre axis
of pile

Pile after covering
by virgin pellsts

Initial pile

Bottom

D: location of exit of pipe for Test B
©: location of exit of pipe for Test C
@: location of exit of pipe for Test D

Fig. 1 Schematics of the pile.
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Fig. 3 Thermal images inside the pile.
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Nomenclature Listing

Cd

5|

Gm

NXE<CQT I ITILTO

Greek

€ a4 R D

subscripts

max

g
w

drag coefficient
diameter of silo (m)
force acting (N)
gravitational acceleration (m/s?)
mean acceleration of roof section (m/s?)
elevation (m)
length (m)
weight of silo (kg)
internal pressure (Pa)
external pressure (Pa)
the Reynolds number
cross sectional area (m?)
time (s)
velocity (m/s)
horizontal velocity component (m/s)
vertical velocity component (m/s)
flight length (m)
flight height (m)

density (kg/m?)

specific heat ratio

time need to travel L (s)

kinematic coefficient of viscosity (m?%/s)

maximum
gas
wind



Fig.l Large diameter silo for RDF storage

Fig.2 Landed roof section near a power line
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Fig.4 Flight height with flight length




4% RDF OBGERIEIZE$ 5 —& 58



4% RDFODOENSfREME

1. EXN&

ZEHAIEFREI R BT ORDFITEAIE T 15ESA 14 BICIEX B4V AETH
BN EL, SAI19B ITITATEIENBRTHEMIRAEL ., HBABKB24 M5BT,
EEB1APAELEL], Z0FKO% ., BERLEEIZIVRDFIZOWTHRENMT
DLITE, HHEMERTTHLRAEZITV. ZORBRO—EEL T, RDFOMMEAEER
[2]. RDFD{HEKFEER[3], AR KOHEBHAE[4-6]ICODWTT TIZHE LT, EBR,
FEZITHIET Tk, ROFDO Y LSRR ICBE T 50T 21T o7, 5% DIFED
EEETAIZDIZ, TR OWTHRE TS,

RDFithEG ERBHE L THEASNDZENBESNTERY . VR {LIERE N TEY iR
S, HRAO b TRESEAZELE XL TV E[7-10], D728 FH R A LLAT
MEL S FRIZ DOV TIIFR LI T Z[7-10], Z08E B 8 TR 5,

2. JEBE R ERT TR b= o4
2.1 et

“EHRBRANTRESN/ZRDFERBIELTHER L, REIO—E%Table 11T, &
BIAX, TR ORELZIFEEOOERVHLEZL DO THAHD T, B35 ATII R
THD, ZDMORENIRLE SN - BT T2003EDH2005E I IRENT-H D TH B,

2.2 S3HTIE B

SHTE B BLORIEEZTable 2.1ZRT, HE 10D ISIIOWTE, @EO#EE
SEZLEBRLBREBIOSTTER LU T—RAZRLOERBAT, B3 KIZET 5%
ITOT-DITHELRAD T, BB 1651803 &2 1T o7, BT OB REEEIZ, /MR
EINNZIVEEERLF =% RO, ERISFIA ICEE R RKREHV Y AILVRE
AT CAKENBELBRIZIIRDFIFE Al EBELFEALEL, ERISEIOR IZH)
BAJIILERDF 22 #—ORDFIFE Y A0 CRERIBE LRSI BT, B
ELRER2IEDIDICBRZNEASN], KERIEE T COREENH . 245 ki
DWTRE T2 DEEET L7201, REIDIZ OV TIE, BEF R ED5%E10%D
BADEMELZ RN X —HKDT-, RDENBWVDWA KT 50 KRB ARSIzl Dk
IVRREDBRETHNEBZBHTZDODIFEREFH-OIC, B RIFICRAETIRED
I EBRIRAR I~ T 57 /B BSITEEB TITo7, 0T D&% Table 221K
T AE6 mgh AT —IZFRBL . BERESITEGAE[12]I2X), REIDH
REFICBITARENTRABEDE L EHEE LT, TORENS, R OMBEELZFTED
IREE(R8SC. 550°CONIERE LTz, RE0.40250.6 mgk /S a7/ —|ZREL. MEL
Teo BELIZHRE T RO TS /B ESITEBIZEAL., ST LT, BRI
BAETIHRUEDOSHTIX, BEIA, REB. BEICIZ W TiTo 7=,

B OHIIERDERLT I /IR ELT-,

23 TELRORER



HEB 1MH160FE R % Table 3.1127F, TGHBRDOAEFEL T, IBE EFHFEE10C
/minlZ BT 5REIBOTGH MR A Fig IR T, TGO RE RDE, FREIELITIFIE
FE(100°CAFAT, 300°C AT, 400~500°C ., 660°CHTIT) DMBURENZDHONTZ, ZDH
H. FEIBREOBEIIBRAIZEDLD, F2bHEIER B OB EITRBORSRIZL DY
DEZEZBND, BEEDPRELKEXLE2EEHOMAREICE B L TUMRIEIZLZES
FRRFDIEMH AL XN X —DEHEIT o7, REIDIZOWTIL, BBRBEEEEL3E
MDOBGEIT T, BREBENBWVIEIEELMTHIE 2R HOEERIIKREL.
DTGY — 7R B IT{E< A2V BB (L 5 RIS HEST LT, BT ETRIELZBYR
WREWEETable 3.2&Table 3.312737, IEME(LT RALF — LB BVREROHIE.
FERIIBRKOHBICHAEN[4,5],

BOSRERIZRAETHARKRDO SR R%ETable 34171, REIBOI/u<whrS 0%
Fig.2.1, Fig2.2IZ/" 7, 385 CTMEAL =R ERDE, WThoOREDLLIGAEE.
EMERRILEY. SOCHILEWE EERETIHEBLAEYVTEE I RBEINT, £
B 10725255 DRIZHB/NERE — 7D KBTI EBRZ LAY TH-T-, Zib
DEFHETable 3.4 LT, REIAICBITAEBEILEWIL, REBEREICIZHE AR
R oTm, MK L RZIT D o7z, S50CTMALIZERERDE AF LT A~
—  AFLUMNe— B REMATRERMRIEKFZBOL—IBRELNDEILENE, 3
BHHIZRIRF L R ORI ZF LB FENLTHDIER DD, ZOEIIT, B2k
BYMRASRFIIRELEREMORBENT,

2.4 HHEOLIZXIAME

LI, WATHAOREIC—BEIFEIN TV RDFE I ERZIT 7213,
14], HTE B IX, B HrEER(TG-DTA), B AR KRER(ESIT), B RAMRBRU A
Y — Ry MRER), BAREHILAZAERIE(C80. MS80, TAM), FHERATREAER(1Y >
MVERFE DewarfR) Tih D, G REDIZLL T DI LEZBASHNCLT-, ORDFIZ K BETEZ D
SHICESoTIIBE R BE R T EEN N DD, QRDFIIKEZHRMTHEERICIRE
EEBRONIZZENG, KEFFEARIC, KBEELZEAICE., BB TREN
ERLUTRBBE DS EEIT/RDAEMELNDHD, QRBL, BELLERIGOmEE MR
HELTWAREESELH D,

3. FORELRNIFA DN B R

RDFiIbEbERELEL THERSNDZLEMESN TEY , T AMLERF N TE fE
SE, HADDT L TRESEDILLE X LN TV, TDT) | BEHEAELFINOE
BRI OWTUIRARON TV, 000 BT EBRZFERA LM%, /MR
IREEBICIVREAAZRE LIFEDOFRERO—EEE L., BB EITo 7,

3.1 Bk

BINB5]IOBESRMEEE RO ESTable 4.11IR T, BIIBIZLDE, 590KE
T30KIZDTAOE — 7R3 B, FRICIDAELEEREDL RO, 20O,
RDFIKIR I TRRBET DA 0 LRIR I TRBE T AR 0 b2 B Lk <7z, RDFOESY



Hr&EIT-72ELTh, L HIESRELEIC TRV O T, BRIZEERIZTTERW, 1§
FERFFERr DFE &, RSOOSR ORI ZHE T2,

3.2 BRI A

Yangb [ 16 1R DFE DO HFIZRDFORL Y bR EBEL, ERFHEXTMEALE, %
HLIZRB BT — NS EERELIZE, TARIa< N7 THM LT, BIESRELRE
RO EETable 4.2127R"7, YangbiZkde, BRELEKEOERDERBHOERIZ
XTHEEGE IBEN ERTHIZOoNT, KEieol, BAELEREOMBRITIBEZ
Lo TEA LT, ERIRILKRFBIIAZ A EZF L ThHOTMN, IBENEF 5L, kFE
ERZDEIENREMUT, BRAELZKEORBABORDFOR R TIEIE1X.
BENERTAIZONT, KEIpotr,

BEREG171E, A FREBELLZERFOPIZ, HFL/-RDFEZREL. 8
FHAKCTHEALEZ, BEL-REEF— NV G5RERRELRE, TRIa< 57 Th
Witz BIESMELE RO EATable 431077, BEESICEHE BNREELEL
THIEE, BT ADRERNHEZ . TORBEL K& Aot, BAOREENE W
8, ERLI-FREOBREHER KELAD, FREELEL R,

Yangh K OERELIZLD 0T e 280 C/RULZOHT Tk, HIER R -7, RDFIZE
EYNEETHADO T AL ZRASLTREMRIILELRN, ZOZENFOEE/BED
BV RS TERNE,

4. HLMBE

RDFDJFEHIBEREY THY., £ DAY, MEITHIR, FEICIY R2D, B
S EIUITISC TR T HIELHYVED, ZTTRIATLIZGITERIZL, HSET, 77
HLZRB DS RERTHS,

5. BE 3wk

. BBEHENT  TIE AR S BR MR DR 25 R A TR A E(2003)

2. SAOKME, BB, BRI, B, 2= 1. B2 FF: RDFOMEERRIZ OV T,
THEERTSERT A, 98, 91(2004)

3. SAKBE EEEME. B)IHME, BEE: ROFOMAICETAERMIFR - KEZEICL
DIHK-, FEITEE B RAKKFESHRRESMELE, 52(2005)

4. EmEE, BBHEE: ROFOMRPBARABAKICRITTEE, ERICEE B AKLES
PR R SMELSE, 90(2004)

5. EEREE, $hOKGE, MR, SEEFECA : RDFOD KK BRI B3 —fEHT, H42E1H4
BES IR NEETERR SUEE, 429(2004)

6. #5H{E: RDFEHF K HEENOBMEREEEFE, FRERES VRO L TREE, 431
(2004)

7. {ERERE T RDFOBREE 1. REFAREIEL CORDFOGES M, HREERFZE, 104, 29
(1996)

8. FRiE S RDFOANE, BREERIFSE, 105, 17(1996)



9. h B f: RDFORRBE, BRBEAFSE, 106, 27(1996)

10. #LH 3 A : RDFOBREE, BABERTZE, 107, 23(1997)

11 /NBICR, & mIEA: BB B AT, p. 88, &K +1(2005)

12, /NBIR, & BN RFEDHT, p. 32, ik 11(2005)

13. EhKRHESL, HEE, MW, HHEEIIE(CREHRDE)OBEME, KEKFES
2004 FEERFHEBETE, 47(2004)

14. Zhi-Min Fu, Xin-Rui Li, Hiroshi Koseki: Heat Generation of Refuse Derived Fuel
with Water, Journal of Loss Prevention in the Process Industries, 18, 27(2005)

15. RN RR, TRIEFSTE, BB, 1L R-F, ARl RDFOBREER:MEICBT 288 %E, 1L
L% CHE, 22, 560(1996)

16. Xuemin Yang, Yoshinori Itaya, Shigenobu Hatano, Ryohei Yamazaki, Shigekatsu
Mori: Pyrolysis Behavior of Refuse Derived Fuel, J. Chem. Eng. Japan, 34, 91(2001)
17. BREME, ZiHaE, /DMaBak, BEHES], HIGE: —AREED O A X LIERL
BUZ BT BBV BRI O M, BEEMF 2 3EE, 13, 161(2002)



Table 1 Samples

Origin

Taken from the silo

A

B Manufactured in Minamimuro
C Manufactured in Isenagashima
D Manufactured in Kuwana

E Manufactured in Ueno

F Manufactured in Ueno

Table 2.1  Properties analyzed.
Properties Method
1. Size Measured by vernier calipers
2. Water JIS M 8812
Proximate |3. Ash JIS M 8812
analysis  |4. Volatile matter_|JIS M 8812
S. Fixed carbon  |JIS M 8812
6. Fuel ratio Ratio of fixed carbon to volatile matter

7. Higher heating value

JIS Z 7302.2

8. Lower heating value

JIS 7 7302.2

9. C CHN coder method
10. H CHN coder method
Ultimate [11. N CHN coder method
analysis 12. S JIS M 8813
13. CI JIS Z 7302.6
14. Ca JIS K0102 ICP emission spectrometry

15. Igntion temperature

Beginning of temperature rise by DTA
Beginning of temperature rise by DSC

16. Thermal analysis

TG

17. Thermal conductivity

Needle probe method
Laser flash method

18. Specific heat

Needle probe method
Laser flash method

19. Gas emitted in pyrolysis

Py-GC/MS

Table 2.2 Condition of measurement of Py-GC/MS

Gas chromatograph

6890 Series (Hewlett Packard)

Column

Equity-5 (Col: 18766-02A)
30mx 032 mm, F.T. 025 4 m

Pyrolyzer Double-shot pyrolyzer PY-2020D
(Frontier Lab)

Pyrolyzer temp. 385, 550 C

Injection Port A

Injection temp. 300 C

Column oven temp.

-10 °C (5 min) — 320 C {10 min) /10 C/min

Mass spectrometer

JMS-AMSUN200 (JEOL)

lonization/polarity |El+
lonaization voltage |70 eV

lIon source temp.  |220 °C
Interface temp. 240 °C
Applied voltage 10 kV
Scan range m/z 10-400
Cycle time 200 ms




Table 3.1 Main results.

. Sample A Sample B Sample C

1. diameter (mm) [17.04 1524 15.09
38.34 35.66 34.06

2. (%) 126.8 29 7.3

3. (%) 12.9 114 11.7

4. (%) 1726 76.3 74.7

5. (%) 14.5 12.3 13.6

6. () 0.20 0.16 0.18

7. (J/g) 22840 22940 21440

8. (/g) (21220 21340 19960

9. (%) |51.8 47.6 46.2

10. (%) 17.11 7.04 6.60

11, (%) 1.11 1.12 1.30

12, (%) 10.54 0.59 0.48

13. %) 10.80 0.90 0.53

14. (%) {22 2.1 2.7

15, (C) {204 a) 236 a) 237 a)
256 b) 251 b) 254 b)

16. in nitrogen in nitrogen in nitrogen
at 10 C/min at 10 C/min at 10 C/min
Temperature |Mass loss |Temperature {Mass loss|Temperature |Mass loss

() (%) () (%) () (%)

RTto 150 (3.0 RTto 150 |24 RTto 150 (2.8
RT to 400 {449 RT to 400  |45.5 RT to 400 |54.6
RT to 550 [72.8 RT to 550 [70.8 RT to 550 {72.8
RT to 800 |77.5 RTt0 800 744 RT to 800 |77.2
RT to 1000 178.9 RT to 1000 |76.3 RT to 1000 |[79.3

Peak temperature by DTG

(C): 82, 354, 486, 709

Peak temperature by DTG
(C): 78, 342, 485, 670

in air

Peak temperature by DTG
(C): 79, 334, 481, 663

in air in air

at 10 C/min at 10 C/min at 10 C/min

Temperature |Mass loss | Temperature {Mass loss|Temperature |Mass loss
() (%) () (%) () (%)

RT to 150 (3.0 RT to IS0 |2.8 RTto 150 {29

RT to 350 |50.5 RTto350 |[554 RT to 350 {543

RT to 550 |87.6 RT to 550 |88.6 RT to 550 {84.7

RT to 800 90.4 RTto 800 1909 RT to 800 [87.0

RT to 1000 |90.5 RT to 1000 |91.4 RT to 1000 |86.6

Peak temperature by DTG

(C):79, 304, 419, 677

Activation energy c) :

in nitrogen
in air

149.0 kJ/mol
101.9 kJ/mol

Peak temperature by DTG
(°C) .78, 302, 419, 667

Activation energy c) :
in nitrogen 144.4 kJ/mol
in air 96.6 kJ/mol

Peak temperature by DTG
(C) :82, 299, 483, 680

Activation energy ¢) :
in nitrogen 103.8 kJ/mol
in air 109.6 kJ/mol

RT: Room temperature
a) Beginning of temperature rise measured by DTA

b)
)

Beginning of temperature rise measured by DSC
¢} Calculated from TG results in the temperature range between 150 and 400 C.




Sample D Sample E Sample F i
1. diameter ( 15.43 16.24 16.27
length {mm) {37.44 32.10 33.45
2. (%) 5.7 4.2 5.2
3 (%) 11.2 11.7 11.7
4. (%) 77.0 754 75.6
S. (%) 11.8 12.9 12.7
6. () 0.15 0.17 0.17
7. J/gt 121500 22000 22500
8. /gl 120000 20500 21000
9. (%) 474 48.1 47.6
10. (%) 6.77 7.23 7.18
11, (%) 1.35 1.04 1.29
12. (%) 0.27 0.35 0.29
13. (%) 041 0.86 0.79
14. (%) 29 2.8 29
15. (T} ]261D) 258 b) 261 b)
16. in nitrogen in nitrogen in nitrogen
at 10 C/min at 10 C/min at 10 C/min
Temperature {Mass loss | Temperature |Mass loss|Temperature {Mass loss
() (%) () (%) (©) (%)
RTto 150 |25 RT to 150 |3.2 RT to 150 1.8
RT to 400 |49.2 RT to 400 |48.7 RT t0 400  |45.5
RT to 550 70.6 RT to 550 72.0 RT to 550 [71.0
RT to 800 76.0 RT to 800 76.0 RT to 800 74.5
RT to 1000 [77.0 RT to 1000 |77.1 RT to 1000 |75.6

Peak temperature by DTG
(C): 75, 346, 485, 694

in air

Peak temperature by DTG
(*C): 80, 347, 486, 670

Peak temperature by DTG
(C): 81, 342, 483, 659

in air in air
at 10 ‘C/min at 10 C/min at 10 C/min
Temperature |Mass loss |Temperature |Mass loss|Temperature [Mass loss
() (%) () (%) ) (%)
RT to 150 2.4 RT to 150 |23 RTto 150 |2.2
RT to 400 614 RT t0 400 |63.6 RT to 400 (614
RT to 550 84.4 RT to 550 85.3 RT to 550 |844
RT to 800 {87.7 RT to 800 87.9 RT to 800  |87.5
RT to 1000 [88.2 RT to 1000 |88.4 RT to 1000 |88.1

Peak temperature by DTG
(C) .76, 313, 461, 668

in 5% O:/95% N:

at 10 C/min

Temperature |Mass loss
© (%)

RT to 150 1.1

RT to 400 54.9

RT to 550 82.9

RT to 800 87.3

RT to 1000 |87.5

Peak temperature by DTG
{*C) :80, 333, 393, 475,
659

in 10% O: / 90% N:

at 10 C/min

Temperature |Mass loss
(C) (%)

RT to 150 [2.0

Peak temperature by DTG
(*C) :83, 309, 478, 659

Activation energy ¢} :
in nitrogen 153.2 kJ/mol
in air 104.1 kJ/mol

Peak temperature by DTG
(*C) 176, 302, 480, 669

Activation energy c) :
in nitrogen 153.5 kJ/mol
in air 115.1 kJ/mol




RT to 400 |61.1

RT to 550 {87.0

RT to 800  |90.5

RT to 1000 |90.6

Peak temperature by DTG
(C) :85, 322, 451, 675

Activation energy c) :
in nitrogen 125.2 kJ/mol

in air 116.0 kJ/mol
in 5% O: /95% N:
116.6 kJ/mol

in 10% O: /90% N:
117.6 kJ/mol




Table 3.2 Thermal properties measured by needle probe method.

Sample A Sample B |Sample C [Sample D |Sample E |Sample F
Temperature (C) 25 25 25 25 25 25
Bulk density (kg/m’) 421 473 483 405 384 372
17. Thermal conductivity (W/m/K) [0.0587 0.0646 0.0578 0.0753 0.0588 0.0573
18. Specific heat J/kg/K) 1423 1411 1410 1436 1440 1449

Table 3.3 Thermal properties measured by laser flash method.

Sample A Sample B Sample C |Sample D |Sample E _|Sample F
Temperature (C) 25 25 25 25 25 25
Bulk density (kg/m’) 988 947 948 1050 1010 1020
17. Thermal conductivity (W/m/K) [0.170 0.149 0.122 0.153 0.165 0.139
18. Specific heat J/kg/K) 1420 1410 1410 1440 1440 1450




Table 3.4 Mass fraction of components in gases emitted in pyrolysis.

RT: Retention time
mw:molecular weight

385°C 550 °C
Chemical species RT (min:s) |Sample A |Sample B [Sample C [Sample A [Sample B |[Sample C
(1) CeHuz 4:05 0.00 0.00 0.00 406.53 788.18 1193.42
(2) Aliphatic cyclic compounds 10:45 652.42 1061.82 708.82 0.00 0.00 0.00
containing oxygen

(3) Toluene 10:20 35.08 38.90 37.85 1086.93 645.90 1330.42
(4) CHis 12:05 42.78 47.00 40.09 1212.53 2542.14 840.01
(5) Styrene 12:50 1622.68 604.58 1099.55 113477.12 2641.42 4448.66
(6) CioHx 14:45 0.00 0.00 0.00 304.50 610.14 918.74
(7) Compounds containing -OCH _|15:00 1791.85 3139.07 3031.08 0.00 0.00 0.00
(8) CiHx 16:24 0.00 0.00 0.00 231.73 455.74 694.16
(9) CH compounds 17:15 2256.64 1097.11 1109.91 0.00 0.00 0.00
(10) Aliphatic cyclic compounds | 17:45 522.37 688.88 619.09 0.00 0.00 0.00

containing oxygen

(11) CeHsOs 18:10 1037.52 947.65 436.75 0.00 0.00 0.00
(12) & -caprolactam 18:35 1798.90 644.56 542.34 269.34 000 | 000
(13) Compounds containing -OCH _|19:20 505.88 1011.81 331.78 0.00 0.00 0.00
(14) CsH 1002 19:30 246.33 216.27 428.78 0.00 0.00 0.00
(15) Aliphatic acid 22:45 12704.72 111826.40 4866.72 0.00 0.00 0.00
(16) Compounds containing -OCH [23:35 1844.23 346.03 639.95 0.00 0.00 0.00
(17) Styrene dimer 24:40 819.27 272.05 722.13 692.81 130.62 224.28
(18) Palmitic acid 27:10 2332.67 975.11 2772.78 0.00 0.00 0.00
(19) CH compounds (mw:264) 28:45 3182.52 1322.99 | 2957.22 0.00 0.00 0.00
(20) Stearic acid 29:00 1004.72 298.14 895.97 0.00 0.00 0.00
(21) Styrene trimer 31:25 3609.12 1336.37 2570.92 2404.21 458.11 790.57
(22) Phthalic ester 32:10 816.76 1130.98 1702.38 0.00 0.00 0.00
Compounds containing oxygen

specifed from (1) to (22) 25258.36  122286.72 116976.43

others 10:00-25:00 |54513.07 [43217.47 [36836.04

total 7977143 [65504.20 |53812.47

Unit: mg/kg




Table 4.1 Outline of the thermal analysis results by Narukawa et al. 12)

sample powder produced by grinding RDF made from MSW
higher heating value: 16.45 MJ/kg
proximate analysis [wt%]
moisture:8.2, ash:20.2, volatile matter:66.9, fixed carbon:4.6

method TG, DTA

main results in nitrogen, 10 °C/min

mass loss [wt%] temperature [K]
1 300 to 500
24 300 to 600
40 300 to 700
47 300 to 800
55 300 to 900

in air, 10 ‘C/min
mass loss [wt%] temperature [K]
4 300 to 500
38 300 to 600
49 300 to 700
60 300 to 800
64 300 to 900

peak temperature by DTA : 587 K, 730 K
initiation temperature of heat release by DTA: 504 K

Reaction 1st stage 2nd stage
E [kJ/mol] 79 239
A [1/s] 77x10° | 81x10"




Table 4.2 Outline of pyrolysis gas analysis by Yang et al. 13)

sample pellet made from MSW
diameter: 14 mm, length: 10 to 25 mm
high heating value: 20.64 MJ/kg
proximate analysis [wt%]

moisture:2.7, ash:11.4, volatile matter:75.3, fixed carbon:10.6

furnace electric heating reactor (50 mm in diameter and 2,000 mm in height)
temperature range: 773 to 1173 K

method Pellets were placed in reactor and temperature was increased rapidly to each set
temperature. Nitrogen gas was supplied. Released gas composition and
accumulative gas volume in a pyrolysis process were measured. Tar, moisure,
and other condensable products are filtered before concentration analysis.

main results  |yield of released gas

temperature['C] | a | B
500 12 12
600 29 27
700 47 32
800 53 34
900 51 36

a : ratio of heating value of released gas to heating value of RDF
B : ratio of released gas wight to volatile matter weight

composition of released gas

temperature [‘C ]
500 600 700 800 900
CO2 30 24 16 12 11
CcO 20 20 18 17 16
H2 9 14 13 18 24
CH4 21 21 29 32 37
C2H6 | 5.5 6 5.5 2 1
C2H4 8 9 13 16 11
C3H6 | 6.5 6 5.5 3 0




Table 4.3  Outline of pyrolysis gas analysis by Miyakoshi et al. 14)

gas was supplied. Gas, tar, residue formed by pyrolysis were collected and analysed.

sample pieces (7 mm in size) made by breaking RDF using hand
lower heating value: 19 MJ/kg
proximate analysis [wt%]
moisture:3.6, ash:10.2, volatile matter:76.7, fixed carbon:9.6
furnace tubular pyrolysis furnace (¢ 750D x ¢ 68ID x 1,000 mm)
temperature 300 - 600 C
method Furnace was heated to set temperature. Sample (10 g) was placed in furnace in set temperature and for set time. Nitrogen

main results

Ratio of generation product and amount of accumulation gas

pyrolysis pyrolysis | ratio of generation product amount of accumulation gas
temperature |time  [wt% (dry-base) ] [ml/g-dry-sample]
[C] [min] | char tar gas  loss H2 CO CH4 CO2  C2H4 C2H6
350 60 39 26 7 28
400 45 35 22 10 33
60 36 21 7 36 3 15 7 25 0.5 2
90 34 31 7 28 4 16 9 26 0.5 2
450 30 32 28 11 29
500 45 31 17 21 31
60 27 29 12 32 24 25 20 33 5 5
90 31 25 13 31 28 26 21 34 5 5
600 45 28 15 23 34
60 27 24 24 25 69 75 69 42 27 15
90 25 14 31 30 78 78 69 45 30 15
Heating value of char and gas, fuel ratio and ignition temperature of char
pyrolysis pyrolysis ratio of lower heating value |ratio of lower heating value fuel ratio |ignition
temperature |time of char to that of RDF of pyrolysis gas to that of RDF |of cahr  |temperature of char
[C] (min] [-] [-] (-]
350 60 0.29 0.022 1.1 236
400 45 0.24 0.033 1.5 238
60 0.24 0.037 1.6 243
90 0.22 0.044 1.9 261
450 30 0.2 0.064 22 289
500 45 0.19 0.10 2.6 308
60 0.17 0.11 3.1 319
90 0.18 0.12 32 319
600 45 0.16 0.27 5.5 334
60 0.16 0.38 7.5 336
90 0.14 0.4 7.2 334
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Fig. | TG curves in air and nitrogen gas at heating rate of 10°C /min.
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Fig. 2.1 Chromatogram of sample B at pyrolyzer temperature of 385°C.
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Fig. 2.2 Chromatogram of sample B at pyrolyzer temperature of 550°C .
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kg/min kg/s MW dm3/s dm3/min
0.5 0.0083 0.17 43 2564
5 st 03 0.0050 0.10 26 1538
0.1 0.0017 0.033 8.5 512
0.05 0.00083 0.017 43 256
e > 0.03 0.00050 0.010 26 153
o 0.01 0.00017 0.0033 0.85 51
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Temperature rise, K

20 30 40 50 60 70] 80 90| 100

10| 39| 59| 79| 98| 118| 138| 157| 17.7] 197

v 20| 79| 118| 157| 197| 236| 275| 315| 354 393
dm3/min T30 18| 17.7| 236| 205| 354| 413| 472| 531| 590
40| 157| 236| 315| 393| 472| 550| 629| 708| 786

50| 19.7| 295| 393| 49.1| 590| 688| 786| 885| 983
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Experimental setup

Pipes used for supplying nitrogen gas into the
pile

Pipes are placed so that their exits may be
surrounging the centre axis.



Experimental setup

Nitrogen gas was supplied from a bomb.

Supply rate was controlled manually reading the position of float of flow

meter.

Experimental setup

Load cell

Change in weight was
measured.

Experimental setup

1234567 8

Sampling probe

Gas is collected and analysed by
gas analyser continuously.

Gas analyser

centre
axis

= 17cm

I~ 12 cm

— 5cm

bottom
Three thermocouples are placed along
the centre axis of the pile.

Two of them is located inside the pile.
One is outside the pile.

Thermocouple located at
17 cm above the bottom
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50 min <t <70 min V=20 dm3/min

70 min <t <90 min V=30 dm3/min

90 min <t <110 min V=40 dm3/min
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Heptane was soaked over the pile surface. Heptane was ignited by a torch flame. 1064 1EASEEZ f= kSR LT,
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Sampling tube was located
‘ near the top of the pile.
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E
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L | ot shiflnds F .
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Time, min

Variation of gas concentration with time.
V: supply rate of nitrogen gas [dm3/min]

t~55 min
Sampling probe was located near
the top of the pile.

RG:2 £:1.00 SC: NORM 05/09/09 |[RG:2 £:1.00 SC:NORM

t=108 min t=119 min

05/09/09
14:58:48

t=29min t=48min

t=65min t=87min

t > 120 min

Pile was cut open. Cross
sectional area was revealed.

The coolest spot near the
centre axis in the pile was about
50°C.

It corresponded with the
temperature measured by
thermocouple.
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heat release rate with time.

Sampling probe was located near
the top of the pile.
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Variation of gas concentrations with time.

t=27 min

Sampling probe was
located near the top of
the pile.




t=57 min

t=82 min

RG: 2 £:1.00 SC: NORM 05/08/13

The pile was cut open.
Area along the centre axis was
cooled.

Area near the foot of the pile was hot.
Smoke was emitted.

t=91 min

t=101 min t=108 min

Cool area at the top of the pile expanded with the increase in nitrogen gas supply
rate.
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Experimental setup
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(250.0)

t=29min t=40min
V=0 V=10

Temperature at the top of the pile
The temperatures were visualized by thermal image camera.
The temperatures decreaed with the increase in nitrogen supply rate.
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16:25:43 16:34:43
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(250.0)
20

+=109min t=118min
V=40 V=0

t>120min
Cross sectional area was revealed.
Temperature near the heaters was higher than that of surface.

Cold area was found near the top of the pile.
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the top of the pile.




t=12 min t=28 min

t=43 min t=55 min

Thermal images at the top of pile.

RG:2 £:1.00 SC:NORM 05/08/14
12:51:55

The pile was cut open.

Temperature at the area surrounding the centre axis was lower than environmental
temperature.

Temperature at the hottest sopt measured by thermal image camera is about 40°C.
It corresponds with the temperature measured by thermocouple.

t=82 min

t=99 min

=82 min

Temperature at the top of the pile increased with time before nitrogen gas injection. Temperature at the top of the
pile decreased with time after nitrogen gas injection.

10_305

E—S—mBETHTIC, BEROAEHET D,
RURDLEBREREHRIGLI-D T, ROFPDKAIHTIEL. AEEh D EHTE
WERL T, RSN sE Y —<ILAASTARIET S
EFMMESh-REEETHRIETS

ERTARE 142602 <« EFATF—F

50 dm3/minTT157 REA

HEEEREEE

NERDSY—TILHASTEHRET HL, ILBEFEOANAFRESh TN,
1559 RT#H15 gl L=,

%iB32°C B E63%

ZFRIAMIE 154750 « EF457—7
50 dm3/minC155REEA

BElE A {E 1L

105> WIEFHEDBENRLEL
159 I TH#20 g LT,

RDFIZELER THUD KD EETJISTIXIGLL T &S TLND)
BEAB0%LL EHDRBICHELTLV =,



ROFEBDEEE TN, EFNTLHKLSDRIEDRRIZREELI DI LICLDER
ELIGEE D, [ILT HKDEE(R)

RDFDEESE

BEDET, C

1 2 3 4 5

1 0.6 1.2 1.8 2.3 29
2 1.2 23 3.5 4.1 5.8
3 1.8 3.5 5.3 7.0 8.8
4 23 4.7 7.0 9.3 11.7
5 29 5.8 8.8 11.7 14.6
6 3.5 7.0 10.5 14.0 175
7 41 8.2 12.3 16.3 204
8 4.7 9.3 14.0 18.7 23.3
9 5.3 10.5 15.8 21.0 26.3
10 58 11.7 17.5 23.3 29.2

RDF( ELEL: 1400 J/ (kg K)

KORILEL(25°C):2.4 kJ/&

40 ——

|

Temperature, °C
N
o

—
o
1

V=50

170 mm above the bottom
120 mm above the bottom |
50 mm above the bottom

1 |
0o 5

Variation of temperature with time.

|
10
t,min

t: time after onset of injection
V:supply rate of nitrogen gas, dm3/min

15

Exhaust system was activated.

AEEhT=
RDF[Z

a=30 cm. b=70 cm&9 B &

AHESN=Eo D EEDFBICHDHDEISIE
(30/70)=0.18

RDFEDKLEE(L20 ke'x DT, AFSIHLOEEL
(20)(0.18)=3.7 kg

a=16 cm. b=40 cm& 9 B &

AHEShE=H2O2EDEFBEICEDHHEIEE
(16/40)=0.16

RDFBDHLEEIL20 ket DT, AFNEEH LD ES(E
(20)(0.16)=3.2 kg

0.005
20-1 L] I L] I 1
I 0.004
£
E
$ 20 2 0003
- 2 0002
=199 5
= 0001
19.8 0

t,min

Variation of weight with time.
t: time after onset of injection

V:supply rate of nitrogen gas,
dm3/min

time.

H—TNWHASIZLHHERER
12&BE, AEIESN-E D D ¥
mRRIE, = ARLVE. BT
MFIYERITAL,
ERCHHSh BT OER
X, £5DLKENS

1 L 1

5 0 15
t, min

Variation of weight loss rate with



Sampling probe was placed. Sampling probe was placed several
centimeters above the top of the pile.
21

N
o

- V=50 -

0O, concentration

19O 5 10 15 t=10 min t=15 min

t,min
Variation of oxygen concentration near the top of

. of ox Change in surface temperature with time.
the pile with time.

Surface temperature was visualized by a thermal image camera.

RG:2 £:1.00 SC: NORM 05/08/14

14:49:01
= ;
o

RG:2 ©:1.00 SC:NORM 050114 z=12 cm

14:45:28

C I

z: distance from the bottom

—

)

The pile was cut open.

Cross sectional area was revealed. ‘
Cool area was found inside the pile. The cool area corresponds to area where nitrogen gas
penetrated.

RDF pellets had been placed in the experimental site from July to September (hot and
humid season). They absorbed humidity in the air. Dry nitrogen gas supplied from bomb

flowed through the pile. Nitrogen gas absorbed water from the pellets. Pellets were cooled
because of removal of water.

Temperature of nitrogen gas flowed into the pile was almost same as environmental
temperature.



RG:2 £:1.00 SC: NORM 2:5 cm X
40 Exhaust system was not activated.
L] I L] I ]
L
o i .
|
. -
5 20F V=50 ]
p .
()
o - J
E
S 10k .

170 mm above the bottom
120 mm above the bottom |
50 mm above the bottom

1 | 1 | 1
00— 10 15

t, min

Variation of temperature with time.
t: time after onset of injection
V:supply rate of nitrogen gas, dm3/min

Sampling probe was placed.

20.05 — T 0.005 . ; :
I | | | [ T T - 21 l
- V=50 V. 0.004 - - 20
£ o
- < ' S19
X x 0.003 - ©
) 3 I | -E 18
= 20 3 ®
2 = 0002} - 017
oo
= 2 ' 316
0.001 — o~
_ | o15
P B I e
19.95 00 5 . 10 15 B V=50 5
70 9 10 15 t, min e L | L 1l L 1
t, min 0 0 0 0
' t, min
Variation of weight with time. Variation of weight loss rate o )
t time after onset of injection with time. Variation of oxygen concentration near the top of
’ the pile with time.

V:supply rate of nitrogen gas, dm3/min



Change in surface temperature with time.
Surface temperature was visualized by a thermal image camera.

(RG: 2 &:1.00 BC: NORM 05/09/14
16:08:52

The pile was cut open. Cross sectional area was revealed.

t=5 min

t=10 min

IRG: 2 &:1.00 SC: NORM

05/09/14
16:10:54

(250.0)

RO:2 €:1.00 SC: NORM

05/09/14
16:15:55

(250.0)

t=15 min

z=12 cm

z=5 cm
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B&
LB D=0, FEEKEDTAZTHEL

ik

RDFDLUG k@ISATEUEMFTTENXT D
ATEUNEEIN RDOFDANDH RIRBECEDIDEFD
BARMS20%IZRDF(15 ke) TEL HESED
BAMS80 AT HETHETS

B 11:09:40 (H—ILAAS)

Sampling probe

SuUsS

Inner diameter: 8 mm
Outer diameter: 10 mm

11:48 UDRMSTT VTV IENSIEDNT D
BEREOREKSNENBEIELTUL . SRR TEFEALRKTIS L/minTULTLV=(5#. 3~5 13
/minTUKZ &IZT3)
wLofmEE. FELVPLEOHYIC, AELVEEDBVESAHY .. BEAHTLV:
11:58 EHAMEX TET
12:03 FEO—EHMrSAEAHE TS
1207 FEOIvYA—FYITNSHEXODES(THE>TODES A HY . BELYERICH-TLNS
1212 PEO—EIMSHEMNHETIVD
1. 2(:1 ‘% j/g'ysr—{ﬁll(mtﬁll)f(iﬁﬁfz MNOEAHTLD, ATRITERNAEATHT, 2EMSEAH TS L
2UZHA
1222 FEAKLVEEOBVRBIMEIROLSIZHE-TNS
80MEIR SAA—DKEIE D (T=b—HEIZ kA DLV

COiREEH(LERR5000ppm)D B A&, FIEFEA—/N—L D DREL L=
COBEF(LBs%ES%ERTS

Exit: 0 cm from the centre, 13
cm above the bottom

Thermocouples

Junctions are located > : =
t 50 , 90 mm, 120 .
;m’ a:ﬂ 70 r::,’ A metal tray is placed
above the bottom. on a load cell.



Heptane (1.5 dm3) was poured over the pile sirface and ignited by a torch flame.

t=1 min

t=4 min

t=2 min

t=5 min

t=3 min

t=6 min

25

T T T T T T

-
o
©

1

e

0—1

S
N

Weight loss rate, kg/min

Covered by
" virgin pellfts
20
2 15F
Fu)
< L
.20
()
= 10f
5|
0 1 1 1 | i 1
0 20 40 60
Time, min
25 — T T T T
Covered by
virgin pellets &
1
20
I___\
g -
215F - |
£
=
Z 10 |~
L . _ |
5 \[
L Weight
Weight loss rate "
" 1 L 1 L 1 L B
Op—20 40 60 80°

Time, min

80

Weight, kg

25 ——————7—— 10°
Covered by Weight
virgin pellefts —— Heat release rate
20
4107
15 '_1_’ J
10 |
I <1072
- — o
5 =

1 ]
020

P I -3
20 60 80
Time, min

release rate, MW

Heat



1000

(o]
o
o

D
o
o

400

Temperature, °C

200

T T T T T T T
170 mm above the bottom
- ———— 120 mm above the bottom
90 mm above the bottom

= 50 mm above the bottom _|

Covered by
virgin pellets

e —

mﬁi.l.

0 20 40 60 80

Time, min

=10 min

CO concentration, %

o
o

o
o

o
~

0.2

T T T T T

Covered by
virgin pellets

—_
(&)1

—
o

0,, CO, concentration, %

(4]

Time, min

o)
<

25

—120

Concentration of carbon monoxide
exceeded the limit of gas meter.




t=60 min

At 71 to 72 min after
ignition

From north

From west

From east

From south

At 56 to 57 min after From west
ignition

I <o |

From north

A torch flame was made approach to the area of high temperature.
A flame was formed over the surface for a short time.
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11702 BU NoAREITATEUD A STV
25 A EITHRAS ST AT RV ILHESN. WISEALIATZUOHHE RBEL TS
B 7% ﬁiﬁo)—ggg{g%ruégaﬁgig
K P o8 hid J 115]\ Ea)_n 75’9—{ LTLWE®D 2_
B OREIND , FEERHERAL . IEENHTS e T L R T
15%) WHRIZAISEDITUOVEL, WHEEY DL ETIERLyORIADKAHTLNS

Ak 184y WHEMSHREIZA T, FT 2 TRUYFOIERIM DS KA TS

RDFDILUG kg ZAT A ENTTEXRT S 224> BVHEAREIZZE 5T

ATAUHGEE S . ROFOH DA RIREIC 1 DDEED 252: gggﬁgaa@fﬁmrut AEEYHTMITREMNEL

55205 (2, RDF(15 k) TR, HXSED 3057 ZFRAREA !

Eﬂxiio/ﬁ\iﬁf: W%{S(I:E%Tﬁ%ﬂﬁeﬁéf%ﬁm Yyhlb/ 4> ‘;g;{ gggg_ﬁgg%mtut BB DTMRELEL

RRMB5053 (=, ERAEE20 Jyhl/ 53 (1B 1613 LR O 84 = FEE YR AL S B YIEL TS, WIEFEDREOB M5 2 eI
AUANSIONBETERTHRIETS fﬁonu\iéﬁiaf:'mﬂﬁ i T P el

EHA DS 1005218 FAG 3 16:18 WWIEMBI SHETULVELY, FELDEDE NS Ty

RAM D100 BT HF TS 16:20 EOREBHIER - L5I-EZD

B (S =i 16:31 BREUSEL . UTEORE HES WEEEG ESISREOBVOESSHHS

784> EOHREENEZ KIITRHLED

865 EOREEMIER I

934 WIEFRYEG &SICHEELESEOS AL SRIEIC Mo =ikl EOREELIEA -
994 IWWEZRYBAL LSICEROELMNHY. ILEOREERREKLVEGE>TNS

10;9;\%5@ EOREENEZ VNI NEEDTEE, —BERIZ AN DM, KEIFEELAL

2E

[FCHDWLITHET IS NRIRIEL TV, FEEASEFEDARICEDSBHIETLTL:
(RAEL TW B R EEIA5 LT HEEMo12)

Sampling probe

SuUsS

Inner diameter: 8 mm
Outer diameter: 10 mm
Exit: 0 cm from the N
centre, 13 cm from the
bottom

Probe for nitrogen
injection

SUS

Inner diameter: 8 mm
Outer diameter: 10 mm
Exit: 7.5 cm from the
centre, 8 cm from the
bottom

Thermocouples

Junctions are located
at 50 mm, 90 mm, 120
mm, and 170 mm above
the bottom.
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152101

@50.9)
ez

RDF pellets (5 kg)
are loaded on a
tray.

Heptane was poured over the pile surface and ignited by a torch flame.

25 T I T ] T I T | T
The pile was * 0™ Y00 ©

I covered by pail V=20 b

virgin pellets.

20 ! -
215 .
&
= 10 -

5-\1 -

olb—— 1 v 1,1,
0O 20 40 60 80 100

Time, min

EE o L T
The burning pile was covered by virgi
A flame was extinguished.




t=1 min

t=2 min

t=4 min =5 min
1000 ———F——T1—
The pile was V=10 V=20
covered by
virgin pellets.
800
O 170 mm above the bottom
o ————— 120 mm above the bottom |
. 90 mm above the bottom
o0 50 mm above the bottom
& -
)
o
s
(V]
Q
£
o
-

t=3 min

t=6 min

25 L T T 10° 25 — 71— 10°
e il e = eio™ Voo - | Thepie e = Veio™ a0~
virgin pellets. virgin pellets. Weight
20K 1 = 20 1 Heat release rate ;
E
= = 4107 @ — Ji01=
25k | & 215 i ]
+ B ] .
% I 3
Lo~ e 2wl 3
i {107 — +4102 £
o -+
)] @©
k. o4 = - L
5 \ é 5 \ . - i -
L Weight N i
Weight loss rate
ek e 1 L . -3 B -3
0020 20 60 80 100" Op— 2620 60 80 700"
Time, min Time, min
5 —r—————T7— — 25
The pile was V=10 V=20
covered by
virgin pellets. o
4 O 20 -
°:_ — €0, S
8 IS
w3 15 &
5 — %
c Q
(3] c
: 3
8 2 10 S
8 o
1 5 &
0 P i Avnid
020 40 60 80  100°

Time, min




[R6:Z ©:1.00 SC:NORM

t=10 min

RG:2 ©: 100 5C: NORM"

t=69 min

t=40 min

t=100 min




44 to 45 min after ignition

From north

91 to 92 min after ignition

From north

il [RG:2 ©:1.00 SC:NORM

67 to 68 min after ignition
From west From west

From nh From south

From south

From east From east

From west

G:2 ©:1.00 SC:NORM

[RG:2 ©:11.00 S5C: NORM 06/01725
17:01:58

A torch flame was made approach to area from which a lot of smoke was generated.
A flame was observed for a short time.
A flame was not stabilized over the area.

From east
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B#

PRI ONMUN D, TEMESHEHAL ., MREEIIHRT D
IWEDHEICEEHE

ERDPREER TE LA SRR IIFITE ST LETRT

i

RDFDIUG kAT HELEMNTTERT S
ATAUHGHEESN., ROFOHDH RIRBEEDDEFD
AEMD200 12, RDF(15 kg TEUL., JHXRSED
BAHDI0NHEIC, REBICERFHEB TS, REI10 /5
HAHDE0 =, BRTEEF20 Yyhl/2 <IN
BRAMDIONRETCERERIBTS
AADD100 BT EETHETS

Ak 10:56:29(0—<ILAAT)

Sampling probe
SuUs

Inner diameter: 8 mm ~__
Outer diameter: 10 mm
Exit: 0 cm from the
centre, 13 cm from the
bottom

AR ATEURR— LIS TERA TS

249 A LRI —LEOATEUNBRZITINDS

3530 WWAKIZEBDHI TV

74330 FZED—EARAL

85 WWEEMRIZEHh TS

14 WREEKIC8FELD, ZEO—HA KL

165 ILEO—IRIEKRIZEHATULVEL, RUYFOERMS KBH TS, REDELDEFTRIENALND

194330 $9AUEZ TES

215 REBFRZELGo, WEFEMISTEAH TS

254 WOFRaMSBENRHTLS

11:23 WAL L, vva—RIOMEO—HCRBKLYEBEENES LTINS

289 BREBELZTOTOERIAEDOHICERDOBINALNS, A THEIEEELS-D, HBNE, HRDE

YENTETLE =DM

305 ZBFEA, WEECDBRENEL, IUTEEO S HENREHTNS

329 SEOIvvI—RIORENFL

509 EXROZFAZEET

519 SEOIvvA—RIEILTEOERELYDOERENSL, IWIHEHOSBENH TS :

gtgéji\- %J]_E%&(o)ﬁfs‘zbﬂ%]ot%ﬁm. WWEZBED KSICEEBEOBANH S, 11 10208 LEREAZHTING
SIZRZ

705 ZREAEL

785 WEFEGLSICERORHDHHSH. ERAUEANRT TN 0S50

794 EORESMNEZ -LSIZRECT

9207 EOREEHIIER -

915 WD LERHISEAHETINS

955> IUTEMHEDEROEA LA of=&SIZRELT

g;ﬁﬁfi@ SAZ—DKREED =5 fanfllD—E TR IEMNEEL
LT

FLHDUDTRAITH>TRIEL TV, ERHBED TOEDEZHFFERLTWSEH LM H o1

Gas
analyzer
/
Thermocouples
Junctions are Nit!’ogen
located at 50 mm, cylinder
90 mm, 120 mm,
and 170 mm above -
the bottom.

Probe for nitrogen
injection

SuUs

Inner diameter: 8 mm
Outer diameter: 10 mm
Exit: 14 cm from the
centre, 9 cm from the
bottom




RDF pellets (5 kg) are loaded on |
Sampling probe are

a tray.
Pile geometry: radius: 20 cm, :rt]):ve“;che top of
height: 12 cm plie.

. [en | gy e | PR
Heptane was poured over the pile surface and ignited by a torch flame.

25 .' 1 T T T T T T
Pile was -
- covered by V=10 V=20 4
virgin pellets.
20+ -
B s
2151 4
.
210 a
5 i
0 1 1 1 1 L 1 1 1 L
0 20 40 60 80 100
Time, min

The burning pile was covered by virgin pellets.
A flame was extinguished.



e el B i B i i | I 25— —— 71— 10°
Pile was - - Pile was e
[, covered by v=10 V=20 1 - covered by V=10 V=20 | 1
virgin pellets. virgin pellets.
20 ! E 20 ! >
l\ £ l_\ =
L q10' ® H10™
215 | s 215 | K
& + W | . ;
B il S5 4 8
2iof =— = 2 2o} — *
e [ 1422 A2 ©
| - 107y | S Ly
. -—— — - Q
(]
5 &\} g 5 &N —— v [ T
Weight .
i ———— Weight loss rate r Weight
: " ) i . i ) ) . 0_3 0 ) i . 5 =t He?t release .rata 0_3
002046 60 80 100 020 40 60 80 100
Time, min Time, min
t=6 min
1000 — T T . :
avs G ol T T ®
- covered by =: = - E o
irgi - covered by V=10 V=20 -
800 virein pT"etS' _ virgin pellets. -
—— 170 mm above the bottom © 4 B 80 . 20 B\_
&) ~————— 120 mm above the bottom | % 06 c
o ———— 90 mm above the bottom c ) 2 .o
o ~——— 50 mm above the bottom Ko "('U'
o 600 - e} “
2 o 3 15 &
g - £ 3
)] o b
2 400 - 8 <
o o 2 110 ©
L ° Q
o 5 O
200 2
N
1 U 5 &
0 4

S 00— 20 420 60 80 100



t=60 min

t=19 min

t=69 min

t=22 min

t=80 min

t=90 min B




48 min after ignition

From north

97 to 98 min after ignition

From north

From west

IRG:2 €:1,00 SC: NORM

From east

From west

G:2 £:1.00 SC: NORM

From east

From south

From south

67 to 68 min after ignition

From west
577 €7179% 56 WoRM

From south

From north

From east

A torch flame was made approach to area from which a lot of smoke was generated.
A flame was stabilized over the area.
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H#)

IREEOMAD S, TEERAE AL, REEEINFIT S
EAOWUDEREYDLLEICEEHRE

LRADEREERS TERSEILO T, RN TERNILETT

Hik

RDFDIUG kel cANFEZUEMNTTENXNT D
~NTRUNGHE SN ROFDH DA RIKIFITHEDERFD
AKHD2050 %12, RDF(15 kg) TEBLY, SHRSED
ARMDI0HHIC, AEICBREWRMBTDH RE10 Y/
RADD509 &1, BRTEE20 Yybl/ 5338
BARNDIONBETERERHTS

AXND100BBT HETHETS

BRK 14:4523(H—TI)LHAS)

Sampling probe

SuUS

Inner diameter: 8 mm
Outer diameter: 10 mm "~
Exit: 0 cm from the

centre, 19 cm from the
bottom

\
Probe for nitrogen
injection

SUS

Inner diameter: 8 mm
Outer diameter: 10 mm
Exit: 0 cm from the
centre, 14 cm from the
bottom

RAk 2ENKIZEBEND

149 KEMWEES. SvDa—F—ICBKEDHD

25y REMNLEES

54330 WDFREDI—EA RIELTLD

845 RED—EHRIL, LEENKICBENLTND

14:57 WWHBECTIERLY OISR D KA TV

125 HZREDRIEHEA TS, [FIFELENREBIZHESTVS

1645 BELDKRIZEFENTOVENSEIHSIXEFLEAHTID

15:08 KITRZAL, ILO—EHSEAHTLS

294330 WIEHICRB&YEROES D HD

15:19 IWTEELICE B OEH9 A5 5. ILTEASA L BEANH TS

15:23 WWIBALDEBOHH ALK

435 WWIBELKASERICH>TOADOMNRAS. ZICWTEE S HEMAH TS
484 WWIEESDEENABELYLEL., IWTEOHAZEFYISEEOSVEIHHS
545 IUTEOHRAEFYISEEDOB VAL HY ., TIHLEREMARAICHTNS
635 ITEOHAZ=FYICEEOS WS AHY., TIHSBEMRAICHTD
684> WWIHOEAIZEZFYICEEOS VA M HS. ILTEDREREILYDUEL
709 ZEFRELELEDHD

785 IWTAOHAETYHISEEOSVELARBOLSIHBUTNS TIALAENEAITHTING
835 AEORLEEMNEZ-KIITKLT:

9149 EMRLAEoT

984> WWTEDBRIEZFYHISEEDEVINAREDOLSIHBUTIS. Z4hSRVDEENHTS

&1

ILDNMUDRLyERY RV =5. BRAIZE XL
FLHDLDREITH LT ZES ERAELTO =, HFLOLMLOME D FISHED A H Ho7=

Thermocouples

Junctions are
located at 50 mm,
90 mm, 120 mm,
and 170 mm above
the bottom.



RDF pellets (5 kg) are loaded on
a tray.

Pile geometry: radius: 20 cm,
height: 12 cm

\

[Re:Z ©:1.00 sc:womm

Heptane was poured over the pile surface and was ignited by a torch flame.

25 T T T T T T T T T
V=10 V=20

- -— - p

20 - 1 Covered by virgin pellets .

L ]

215t o
Fe)

< o 4
oo

= 10} .

L i

5 \ -]

0 1 | 1 1 1 1 L 1 "
0 20 40 60 80 100
Time, min

e D e e ar e i 00| S o ot
At t=20 min, a pile was covered by virgin pellets.



t=1 min

Temperature, °C

t=3 min

1000 (—r—1——7————7—
Covered | -
" by virgin V=10 V=20 &
pellets
800 170 mm above the bottom ~
~————— 120 mm above the bottom
90 mm above the bottom -
50 mm above the bottom
600 -
400} §
200 -
’ "\\‘
[ ‘
0 L 1 1 I n oy 1 1
0 20 40 60 80 100

Time, min

25 . R e 710°
V=10 V=20 3
20 | Covered by virgin pellets E E
J101 3
P15 - 3 I
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£ ] o
= 1 =«
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10 =
= = 102
L . o 3 kS
= E i)
5 S\‘ 5 ;o
L Weight _
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I (ST AR S T -3
020 40 60 80 100°
Time, min
9 T % T & T = 25
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= 4 20 =
& .0
S ©
-+t
©3 15 "g
€ 3]
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8 (@]
1 5 O
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Time, min

25

T Y T ¥
V=10

T
V=20

| Covered by virgin pellets

i

Weight

————— Heat release rate

10°

107

L1 a el

1072

107°

20 40

Time,

60

min

80

300

Heat release rate, MW



t=10 min

t=60 min

t=22 min

t=80 min

t=29 min

t=40 min

t=100 min

t=49 min



46 to 47 min after ignition
From west

G:2 ©:1.00 SC:NORM

From south

From north

From east

96 to 97 min after ignition
From west

From north

From east

66 to 67 min after ignition

From west

G:2 £:1.00 SC:HORM

From south

From north

From east

J[RG:2 €:1.00 SC: NORM




RG:2 ®:1.00 SC: NORM

The pile was cut open to reveal cross sectional area for inspection.

RG:2 £:1.00 SC:NORM

08/01/26
16:28:17

RG:2 £:1.00 SC: NORM

A flame was formed.

06/01/26
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AR DRERELET 2=, A T4FERDBMERYBT LSITREL ERHTREMRHETD
7

RDFD UG kg)lTATRUEMNFTEXRT S

AT HEESH ., ROFDHDE RRBEICHLDERED
RAMD202IZRDF(15 kg) TR, JHREHED
RAMDI02EIC, RERICEREEIZT S, FES0 Jyb/45
BN B ETERLMIBTS

RAMS1200M 38T 5FTHETS

RK10:41:57 (H—=ILAAD)

Sampling probe

SuUS

Inner diameter: 8 mm
Outer diameter: 10 mm
Exit: 0 cm from the centre,
19 cm from the bottom

Probes for nitrogen injection
SUS

Inner diameter: 8 mm

Outer diameter: 10 mm

Exit: 7.5 cm from the centre, 5
cm from the bottom
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Probes for nitrogen injection
SuUs

Inner diameter: 8 mm

Outer diameter: 10 mm

Exit: 7.5 cm from the centre, 5
cm from the bottom
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Thermocouples

Junctions are located at 50 mm,
90 mm, 120 mm, and 170 mm
above the bottom.

Heptane was poured over the pile surface and was ignited by a torch flame.

RDF pellets (5 kg) are loaded on

a tray.

Pile geometry: radius: 20 cm,
height: 12 cm
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At t=20 min, a pile was covered by virgin pellets.

t=10 min t=19 min

t=23 min

At t>120 min, a torch flame was made approach to hot area over
the surface. A flame was formed over the hot area.

t=29 min t=40 min

t=50 min



t=60 min

t=120 min

t=80 min

t=89 min

t=100 min t=110 min
Shutter
4
w
S —1—» N
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Room for
observation

Sampling probe



50 to 51 min after ignition

From north

87 to 89 min after ignition

From north

From west

G:2 £:1.00 SC: NORM

From east

From west

From east

From south

71 to 73 min after ignition
From west

T2 £:1.00 5C: NORM

From south

From north

From east

116 to 118 min after ignition

From west

From south

From east



A torch flame was made approach.
A flame was formed.

:2 £:1.00 SC: NORM 08101/27
12:51:59

(250.0)

RG:2 £:1.00 SC: NORM

The pile was cut open to reveal cross sectional area for inspection.
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1. Bz@E (1)
2. HBBER (¢)
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® H44X
(X E & ma) 15.49 X 32.67
@ HEEE (kgm™?) 388
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® ﬁﬁjﬁi 19, 890
® (ELRRE

(Jrg) 18, 440
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@ XK®E (%) 6. 74
@ ZFE (%) 0.98
@ 2HED () 0.11
@ 2EXED (%) 0. 40
® Cca (W) 3.3
EIRE (°C) 255
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@ HIBE (Kg/m?3) 372
@ BERE (Wi + K) 0. 0573
(1) (cal/em - 5+ °C) 1. 37X 107
@ mmuEx |(J/KegK 1,449
(e) (cal/g-°C) 0. 3463
£-3 (2) SHBE (L—FT5yLakIckd)
W *® W © ErmE 0
R B K B 1 RE2
RE (°C) 25 25
#2E (Kg/m®) 1, 020 956
o (J/Ke-K) 1, 450 1, 450
SULE (107mY/s) 0. 940 0.919
W/m - K) 0.139 0.127
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" EH

O Y1 X WRO-ME

L Do B2 —L10 S

CEEE mm £ mm B2 mm RS mm
15.76 40. 80 15. 10 32.63
15. 30 52.00 15,25 48. 93
15. 29 32.95 15.76 32.62
15. 46 32.01 15.39 32.54
15. 48 31.98 15. 25 34. 31
15.70 25,97 14. 99 29. 23
15. 20 37.68 15,27 26. 77
15. 62 35.19 15. 82 38. 65
15. 04 42. 62 15.71 23.18
15. 47 44. 22 15. 07 36. 65
15.54 46. 22 15. 42 44, 28
15. 68 34. 85 15. 10 33. 02
15. 61 37.17 16. 88 28. 58
14.93 44. 01 15.72 21.91
15.75 36.12 15.93 23.30
15. 69 39. 65 16. 68 47. 30
15.12 31.38 16. 23 26.01
16. 08 38. 27 15. 70 21.21
15.13 24. 64 15.78 28. 85
15. 36 35. 98 15. 57 24. 40
15. 65 35.94 14. 62 30.54
15. 06 22.06 15.11 34.17
15. 09 37.49 15. 30 28. 37
15. 38 38.07 15. 43 23.78
15.15 36. 08 16. 36 25.25
15.62 27.52 15. 38 40. 11
15.32 23. 38 15. 23 25.05
15.23 39.99 15. 90 30. 61
15.13 45. 59 16. 15 28. 21
15. 20 35.21 15. 94 17. 64
15.59 25. 29 15.13 25, 82
15. 65 25. 03 15.55 25.30
15. 34 32. 47 15. 26 19.04
ave 15. 49 32.67

max 16. 88 52.00

min 14. 62 17. 64

c 0. 405 7.834
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L. LA MAT 3, Z 2T, A H6BE (Efm) ~#H e %2 1 RaMicBlzbs &35 &,
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o 2.2
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n=1 L
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a : BYEEE (m’s)
L :JEX (m)

(o L—FHEBE L THEORBERT ()
AT :BZ 123175 B HORE FFiE (C)
AT, : ATOEKRE (C)
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BIETHE. R (2) OB a2 RDHENTEDL (N—TF A LiE),

2
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L
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LT, R (3) LvEHEND,
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3. FIEEH

3.1 & E
B E ik AR, WmMes L OE S A
BEEE H & Mettler t#£8 BT KCA XS205
A E IR 23°C
BIE n % 3 (3 2DRLZRABNZHAEICHLS)
3.2 £

HEHE : DSCik

BIFEHRE :  Perkin-Elmer -8 REEABES DSC-7
TR 4HH DSC F— # M Y R 5 A TRC-THADAP-CPY
FiEEE : 10 °C /min
HEWEE : $ 7747 (62.58mg)
FHX . ERERKR
RIERE . 25C
¥v7 V& :  Perkin-Elmer tt8 703 =0 LEUERSE
AEnf : 2 (FRAERRABEH 7Y 7L THIELT)
A BB . $30~40mg (FEHIIR2BR)
3.3 BEMiEE
REHE @ Vv—HT75viaik
MELRE - HZEHTHRE ERREEE TC—7000
BIERE © 25C
BoH Ot . Are—r—¥k (BEEE22kV)
B E
BELA- ROERHE (nSb & 4—)
FH R BRF
BEn : 3 (3->ORLIZABTEZAEICHLZ, EREE S5E)
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4. RAEHR

4.1

E‘}

i3

FI1CEEOHEERETT, BFEOREHEEILIZ2~3%RETH S,

&1 BEATEHRR

B HE ket RS wE
Ea ¥ T AEHh m N L) foj
/C /10%kg | /10%m? | /107 m /kgm?
1 0.1661 1.4624 0.1248 910.2
RDFEEA 23 2 0.1270 1.5007 0.0953 887.4
Z— 110
3 0.1366 1.4768 0.1019 907.6

*FRIC L Y RO 7-fE

4.2 K

p:

m

X L

FEOREREITL2~3%RE

E2

B2 IHBORERRLRT, LAONEHEIL+ 1%RETHD,

2 HBAEHER
R . !
. B T Run ?ﬁto*j;%
/LC g /J kg-l K-l
] 32.45 1453
RDFEEAE
5210 25 2 41.77 1420
RS9 1436

*]

WEORIEREIZ T 1%RE

4.3 BJLER

BYLRBROREF v — bO—H (REH 1) % Fig3 2

BMEPRZTELRTV, EXdbiFonsd,
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ThHd, BELIVRERENECERL LT, OFEAME (MERRRE+2R) 28—
BAER E B L THAT LTS, QR LA REICGMAR O, REHTOR SRIEIC




&3 RILBERESR

R Ea™ | 7L | muak | BUREET
iy £t T RAEHT L i B ERE a
/°C /10%m /10%s K 1107 m?s™!
1 1.245 1590 0.802 1.09
RDFEAEL
5 — 110 25 2 0.932 882.4 0.849 1.16
3 1.049 1001 0.836 1.28

23 Ciz it A ERIE
* O OFRICL kO
a=0.1388 X

2

X K
Ly

BILRCRORIEREIT £20% R E

.4 BMRER
RACBACEFEORERRE T, BEEROREHEILIL20%EETH D,
ek, BIEINT-BMERMIT, Bt TRES ERRRED 2 ARKRICEB L, P E#
ONIEBEEETLIHERRAB+ER I E o -—HOEASMEHI T ARMEERCHD - L
IEE I,

4 RCBEATHER

RE BET | BT | BungeR® | BmEg
A H T AEHT p Cy a A
/°C /kgm” /Ikg' K| 7107 m?st | /wm' K
! 910 1.09 0.143
RDFEFER
% 10 25 2 887 1440 1.16 0.148
3 908 1.28 0.167

23 CIIBIT A EAEE EDE SHI TR E
FEEOHEREII2~3%EE

* RO THEE AT SHI TR E
WD BIERE L+ 1%RE

Y OBHECR ORI ERE L 20% BE

YOBMRERORIEREE L £ 20%F
e, TWm'K'=2390x10%calem™ s C!

. BHEIM

DR, R, B, O 13 | ARBMME S R D T A(1992)
P, #N, TR, FE S IR RS R Y T 1 (1987).
VoOfrh, wmENL, FEE,OBVHIE 13(1),17(1986).
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ALy 7 2AHT7 ABABRE) IZHEIL, BlEICH L,

2. F &
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AT() =TTy

- q 4at
= Tana '“( rZC) (1)

T AT FHBOEBEER (K)o 3BIEEE (m’ s, r 1T ER (m). CIIEE(=1.781.)
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DEFEEMNS, X Q) LVBGERE 12 KRDBHENTES,

q 1
an d(AT(0))/d(In(D)) (2)

A =

4. £ B
2R =7 n—72H0 -, EEH lmm, EEH 140mm DATF LU L RAEIZE —F—
L ARIBES R EHAL-HEII R > TV, B, E—F —~E L ENOBRBE~DHREIZ
i, 7)Y (BMREH£ 0288 Wm' K, 25CY)BIUO=F L VY a—n (BYmEE 0258 Wm'
K', 25CV ) #EREREL & L TROTIRERE ARV,
BICHIERBE AL R, HIEEIZT EEKE (RETEE£0.02C) & A, ek,
BER OIS 14 mm, B I150mm O34 Ly 72 A N5 ABIREBRSE 5 A -,

i}
Afte L (HE - SHEER) ICHRIRT 5,
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== M7 o—7% REHEAT S,
B L&, 25°CICH)E L fEREIcE v 9D,

® 6060 o +H
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® RBEEMNREEL-ZLE2HEAE, -2l —TFEREHAL. TOHOENBIUEE
MHOBE EREZ 1HEICAEL, /Y3 /IBUAT,

® 9~20MfHEDFT—F%, K (2) - THITL, BAEZER 1 2K 5,

@ ®, @ I0EERERVEL, FHLTREELES,

6. ¥ B

B4 REF v— bERT, KPHERIT, IPEEORL D KRDHEETHD, ZORBROHE
Epbh, R (2) KLV BYREREZ KRBT,

FICAGEROREERE2TT. DIFEEOREREIZT10%RE, MMEROAEHEILL
0%BRETHD, 2B, BEIN-HERMIL, HEITRES BHRKEE) 28t r AR
Y IXH TV oS L, RPEHONIEEELETE THERRKRKB+ER] Lot —HOES
MEHIHT ABRERTHH Z LiciEBE IV,

&1 REBEATHER

B e en | BMEE R
N i MNEEE
®oH r e &
/°C [kgm /Wm' K
RDFg}IBOﬂSM 25 388 0.0623

N EBEOREREILE10%RE

2 OBREROBTHEELE20%RE
2. IWm'K!'=2390x 107 calem™ s °C!

7. BEHK
N AR ESE, L EBEEBREET S, p. 0-73, BB HIT(1984).

8. RftEH
fHik . HABER

—146—



N Y3y (PC-9801
GPIB{v3-7242 l
REH|

i
i
H

*T 8EFR] Ins

AL
~
| =
Ellgﬂitﬁii

=
Ly -
mm M¢ mm ...... _mm— Mmaof,az,MJMMﬁy
H #
E L4
> =
b M z 5
B ,__/
a
N
=2
0
_
0/0 __
&
= 4
2| & I
3 SE £
T RE =
BN £

N DNORANIRINANNNANL, SN

I

R SONTUERRTRR TR ftr////f/////ttff//r//r//fr/rff;//fffff;///////f/a/frﬂ5

y-At~5<
0. 25mm ¢

K3 ——FK)7a—JERAERE

—147—

—kL7a—7J

X2



—8¥I—

BELR AT K

(&)

R 1 1 | 1 I ! | ] L} l 1 T | | I | 1 1 ] I 1 1 1 ) 1 1 1 1 1 I | 1 ! 1 1 1 1 1 ] "l 1 ) ) T ]
C 5 ROFER R S-L10(0 S EAE388 kg m™) ]
- GRE :25°%C ]
4 :
3f :
25— ‘.’. \ _:
C . ’
- o* A T(®/K =1.250 In(t/s) - 1.120 -
: o BAEH g=0.9889 Wm™ ]
1E o .’ -
- o .7 o EAE ]
: °« . -o-HEE
C [ J ,/' ]
f' [U N R NN TN N B | ./f TSR W TS W NS S N NN A MY N SN NN N SN NN SN T RN A S N SN N Y T | IO B I .
% 1 2 3 4

B¥fl | n(¢/s)
M4 BYmERAETFT v — b



RS Y35,

(1) =RZA¥—
J cal
1 0.239
4.184 1
(2) #ILHK=E
n s’ en? s m’ hr!
1 1x10* 3.600x107
1x10™ 1 3.600x10™!
2.778x10" 2.778 1
(3) Hot
J kg 'K cal g'C”
1 0.2390x10
4.184x10° 1
(4) BBEHER
¥o'K! cal cm's'C” keal m'hr'C™
1 2.390x107 0.8604
418.4 1 360
1.162 2.778x107 1
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@ RDFHEHOSHT-TG—DTGHIE (F01 : MREELEE)
1. & #
184 : RDFEEZE ¥—2410
B TR A CHENE L TRIEICHE LT,

2. F &

BERAIEE (TG-DTG* : Thermogravimetry — Derivative Thermogravimetry)
*DTG 13 TG O #5y

3. il E

EFE, SUMBEEH, 1WEEHE EROAEORMK T T, FIR~1000CRI? TG-DTG #
% FREE 10°C/min THIE LT, RDF ERAE OB BEE % <7,

BIESMHOFEMIT, RKOLEBY ThH,

% B BERERR TG-40 A
7 o— & B KL U—TF 4RSS RT I “TRC-THADAP-TG”
O KR :ERK BRI S%EEEER 0%EBE/EER
B : 50 ml/min

E:&miiE=y L (F2U—3FA2 b :3530)
B E R EEHE : EIE~1000C

& : 10°C/min
X OB B 10mg HREBICEE)

4. %

v

4.1 BoREER (EERAER) O TG RIEMRR

TG Eif % Fig.1 1777, IZITMUEERE (DTG v — Z7iRE : 61°C, 346°C, 498°C, 677°C) N
MHENEDOLND, Z05b, E—EMEOBBIINEAEORRIZLE LD, E~FEN
BB OBEIIRSMIZLZLOICRBENS,

TCRIEFRREKRLICEFED S,

4.2 B fEE (ZEXFMRBLUS%, 10%MEE/EE) OTGRERHER

ZREBER T TRIE L TG i % Fig2 (2, S%ME EEZB LU 10%EE /EEIZBIT2
TG #ift % Figs.3,4 IZ 77,
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FERARXTIZBITSREE biZ, 1ZFWUER (DTG v — 7B : 55~62C, 310~325C,
485~498°C, 676~684°C) DMEBEMNRD OLNE, ZDH L, FE—EBEE OB TEKA
FEORBICL DD, E~FENEMB OBEIBRBIESBIZLZLDICRB IR S,

ETo, %MK/ ERXFEHRB LV 10%#E/ ERFRKI TORMBLOBREHT, ZTREHK
FTOBBLSEIIL TN D, L, BERESEVITE, 5O XSO N FE
ARES L UDTG E— 7 BERERRAIC S 7 R LTV,

TGRIEREER1ICELEH D,

%1 ROFEHRBHOZEBREITIZE TS T6REHER

. RDF B (#— 240 10)

O VAYES %
5% s 10%Bs 3% e
¥t FHR EE ZER

” SER S ER
FEE~ISOCHOBEE (%) 3.0 4.4 4.4 4.5
FIR~400CHOBEER (%) 48.8 57.0 62.7 63.6
FR~S5SOCHIDBER (%) 75.1 85.9 86.0 84.7
EBE~80CROBESE (%) 79.3 89.1 89.4 88.5
FIR~1000°CHIDOBER (%) 80.8 89.4 90.3 89.0
61 60 62 55
346 325 320 310
DTG &= 7 iRE (C) 493 498 488 485
677 684 676 679
FEGONEHMGIBE (C) 290 279 270 261
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Fig. |

TG Curve

[ Nitrogen ]

Sample : RDF

&| fiz SR

upper/ bottom/
Apparatus : Shimadzu TG-40 Sample Size :9.55 mg Gas Flow : 30 ml/min, 20 ml/min,
Heating Rate  : 10 deg/min Pretreatment Operator : |.Kawasaki
Range : 20 mg Vessel (Bt Date 1 2005.10.11 20
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Fig. 2 TG Curve
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upper/ bottom/
Apparatus : Shimadzu TG-40 Sample Size  :10.31 mg Gas Flow : 30 ml/min, 20 ml/min,
Heating Rate  : 10 deg/min Pretreatment Operator - |.Kawasaki
Range :20mg Vessel - Pt Date :2005.10.20
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[ 5%02 ]

Sample : RDF

&1 i Jok 44

File : solid_fuel(10)02-5.btg

Temperature / °C

Toray Research Center

upper/ bottom/

Apparatus : Shimadzu TG-40 Sample Size 1 10.43 mg Gas Flow : 30 ml/min, 20 ml/min,

Heating Rate  : 10 deg/min Pretreatment Operator : |.Kawasaki

Range :20 mg Vessel : Pt Date : 2005.10.13 -
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»-/i\ TG Curve

[ 10%02 ]

Sample : RDF
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upper/ bottom/
Apparatus : Shimadzu TG-40 Sample Size  :10.64 mg Gas Flow : 30 ml/min, 20 ml/min,
Heating Rate  : 10 deg/min Pretreatment Operator : |.Kawasaki
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® RDFHEHOMI—TG—DTGHETE (M2

7 —2Ah10
E¥E L CRIE

L7,

1. & i
LA RDFE ekt
B IR & 45 RS
2. F &

GEHIEIRILE—OEE)

BEBNEIE (TG-DTG™
*DTG 14 TG D%

: Thermogravimetry — Derivative Thermogravimetry)

3. A E
EBHE, SUREEE/BE, 10%EE/EH, ERO4BEOFHIT T, EIR~1000CH D TG-DTG
A & FE# A 2°C/min, 5°C/min, 10°C/min, 20°C/min THEIZE L 7=,

AERMEOFMI. KOEBY THD,

% B BERERR TG-40 B
F — 2 M B\ RLIY—-—FLoy—8F—FAE L AT A “TRC-THADAP-TG-2”

BER, ERR, SwlitEEE, 10%@’2?/%?

: 50 ml/min
CEME= AL (a2 —EA b
s IR ~1000C

: 2°C/min, 5°C/min,
19 10 mg

A

Bl
WM
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5

o
&
Bl
P
i)
] WIEFHmmm

=
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oy
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b
-
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4. £

£ FIB#E TO TG-DTG #hi# 4 Figs. 1 ~4 (Fig. 1 : %%, Fig. 2: 5 %%/ %%, Fig. 3:
10%8%E /E£#, Fig. 4 ZX) CERHE T2, FHHRL LIZ, BLEHEM (DTG ©—2RE :
RT~100C, 250~350°C, 450°C~550°C, 650~750°C) OMABMENRRERDLND, THHD I b,
FBPEH OBRIIMEKEOTHIZL L LD, BFE~FENUEREE OBREIIABIOMSH# (£H)
BLUAMLAME (ER, 5%ME/EE, 10%ME/EE) ICLd2bneEILND, 22T,
BERENELREZFEERBOMMBEICER LT, /MNEEICL DB HERFOEMEILT XL X —
DEMHERRT,

FEMHALTIAX—RFHET -0, TN EEHRTE > T 1I50COEREES 100%, F -
EXPE B OB BEOKR TIHHEE (£ 300C~400CTHKEICL YRR D) DERERLODLHZR LT,
TG B OBURILE 1T o7 (Figs. 5~ 8), BiE{b &7z TG #fRIZ OV T, EEE 90%~10% (B
SRR 10%~90%) BSDIREZ#FHAM -T2, TOKRER1IZE LD D,

iz, NBEICIAERIEIRZAX -2 RDDE-HIZ, 1 OERICESHT, Bl /T (&
SHEEE TOME) . #tihiZ logd (FEFEOEAMNE) 270y ML, 2ORKR% Figs. 9~12
T (BEERIT 1000/ TIC L THh D), Z/NET oy MIBWT, BEEUOEBROBEHENL TR
WESOWTER VX —%2 kDT,

HEPEBROEE = 04567AE/R
IIT. AEREMETAALX— RITREEK (8314510 mol ' K™) THBH-®,
AE (Kmol™) = FTRIERDIEE 0.0549

LEXMZI DI LENTE D,

Figs. 9~12 »/MB7 0 v ME, BOHME 10%~BS5HBE I%E TOVTADT oy MI2WT
b, HMRERBEEARIL TS LON, ZRALEROHEXII—ETIIR ., BAOMBERITKFLT
B LTWA, 2T, IZFETHORY Lo T3 30%, 50%, TO%ERSEBIEEOBEBOEHE L

ENETNEEILT XL XF -2 RELY, TEEZEHT L e L, 2O/RBREFRPICRET
HLEBIT, R2IZELOL,
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# 1 ROF BRBHORSRBREIZE TS TGATERE

a2 FRE NG RR BB DIRE /°C
FHER T T ] T e e CE e P P  DRTPORITRY
R BE
10% | 20% | 30% | 40% | 50% | 60% 70% 80% | 90%
2C/min | 2362 | 2652 | 2809 | 2934 | 303.6 | 3124 | 319.8 | 3272 | 3358
5°C/min | 248.6 | 277.1 | 291.7 | 303.7 | 314.7 | 3243 | 332.6 | 340.8 | 350.8
=* 10C/min | 261.8 | 290.9 | 306.7 | 3189 | 330.0 | 339.5 | 347.7 | 356.1 | 366.4
20°C/min | 276.7 | 307.9 | 325.1 | 338.1 | 349.5 | 3589 | 367.1 | 375.6 | 385.8
2°C/min | 2304 | 251.0 | 262.6 | 273.0 | 281.2 | 288.6 | 295.7 | 3034 | 3123
SOt S | SC/min | 2452 | 269.2 | 282.6 | 2932 | 3022 | 3105 | 318.0 | 326.7 | 3374
F 10°C/min | 254.3 | 280.1 | 294.7 | 305.5 | 3144 | 322.6 | 3303 | 338.1 | 3485
20°C/min | 274.6 | 302.1 | 317.3 | 3289 | 3385 | 3472 | 3549 | 3634 | 3742
2C/min | 230.4 | 2464 | 2582 | 268 | 2762 | 283.6 | 290.7 | 2982 | 306.5
0%t/ | SC/min | 242.6 | 262.1 | 2739 | 2845 | 293.6 | 3014 | 309.0 | 317.5 | 327.6
TE 10°C/min | 2574 | 2785 | 2914 | 302.0 | 311.0 | 3189 | 326.6 | 3351 | 3459
20°C/min | 274.8 | 299.2 | 312.1 | 323.1 | 332.6 | 340.5 | 3483 | 356.5 | 366.3
2°C/min | 224.8 | 238.7 | 251.3 | 2614 | 269.5 | 276.8 | 2837 | 291.3 | 299.2
5°C/min | 241.6 | 2554 | 2682 | 279.7 | 288.8 | 296.7 | 3052 | 314.1 | 3254
=R 10C/min | 2572 | 271.4 | 2842 | 2957 | 304.9 | 313.7 | 323.1 | 333.8 | 350.1
20°C/min | 278.5 | 294.5 | 307.7 | 319.3 | 328.6 | 3364 | 3452 | 3572 | 3753
*150°C~#) 350 CHI CE R &2 Bk
£2 BOBEICETHEHEI ALY
5%EE R 10% k3
S %= # 2R
SER S EHR

30%EA S ARAE D AE (kJ mol™) 132.8 107.0 103.9 98.2

50%E Sy fRER O A E (kJ mol™) 138.5 109.6 107.0 101.1

0% FEEE D A E (k) mol™) 143.8 111.9 110.5 102.3

AE OFEHIE (kI mol™) 138.4 109.5 107.1 100.5
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Heating Rate  : 2 deg/min Pretreatment Operator : |.Kawasaki
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. j 0,
Fig. = TG Curve [5%02]
upper/ bottom/
Apparatus . : Shimadzu TG-40 Sample Size 10 mg Gas Flow 1 30 ml/min, 20 ml/min,
Heating Rate  : 2 deg/min Pretreatment Operator : |.Kawasaki
Range :20 mg Vessel 1Pt Date : 2005.10.12 i
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Fig. 2 TG Curve

[ 10%02 ]

upper/ bottom/
Apparatus : Shimadzu TG-40 Sample Size 10 mg Gas Flow : 30 ml/min, 20 ml/min,
Heating Rate  : 2 deg/min Pretreatment  : Operator : |.Kawasaki
Range 120 mg Vessel 1Pt Date : 2005.10.18 .
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Fig.4 TG Curve [Air]

upper/ bottom/
Apparatus : Shimadzu TG-40 Sample Size :10 mg Gas Flow 30 ml/min, 20 ml/min,
Heating Rate  : 2 deg/min : Pretreatment Operator . |.Kawasaki
Range 120 mg Vessel - Pt Date 1 2005.10.20
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Fig. 5 TG Curve
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Fig. &6 TG Curve [5%02]

upper/ bottom/
Apparatus : Shimadzu TG-40 Sample Size :10 mg Gas Flow : 30 ml/min, 20 ml/min
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Fig. '] TG Curve [10%02]

upper/ bottom/
Apparatus : Shimadzu TG-40 Sample Size 110 mg Gas Flow : 30 ml/min, 20 ml/min
Heating Rate  : 2 deg/min B Pretreatment Operator : |.Kawasaki
Range 120 mg Vessel (Pt Date : 2005.10.18 50
110 ;:— ] L] ) ] 1 1) ] 1 ] ,-;
100 fooo oo oo oo £
00 F A (O :
= RDFREZIARL (2°C/min) 1 40
go | ROFEMARH (5°C/min) é
:_ROFE i (10°C/min)_ s
70 F _ROFE## (20°C/min) %
4 30
R g ]
i % 50 E_. 4 25
= - 3
I & E -
40 :
.. 3 4 20
@ 3 ,:.
= 30 F ]
315
20 | :
10 3 10
E 2\ 3
0 gty
DTG Curve S A S A ST T
DL L L L L] l L L L L L L L L) | L L L L L L) l L L L L L L I L L L L L L L L) I LU L L L L L | UL L L L L L L L | LI I I M | |—r| l‘l \l LU L L L) I T ¢ 11008 0 &
0 50 100 150 200 250 300 350 400 450 500

o
File : solid_fuel(2)02-10.btg,so|id_fuel(5)02re—10.btg,so|id_fue|(10)02—10.btg,solid_fuel(;l-)%p—p @.tﬁ%ture /°C Toray Research Center

P
mMin

%%

/

DTG Sensitivity



~TLT—

'

%

Weight

Fig. %

110

100

90

80

70

60

50

40

30

20

10

File : solid_fuel(2)air.btg,solid_fuel(5)air.btg,solid_fuel(10)air.btg,solid_fuel(20)air.btg

TG Curve

[ Air ]

upper/ bottom/
Apparatus : Shimadzu TG-40 Sample Size 110 mg Gas Flow : 30 ml/min, 20 ml/min,
Heating Rate  : 2 deg/min Pretreatment Operator : l.Kawasaki
Range 120 mg Vessel 1Pt Date : 2005.10.20 -
= T T T q 9
= 1 45
- RDFESIA% (2°C/min) 3 40
. ROFER R (5°C/min) :
= _ROFEIZH (10°C/min)_ 38
E_ROFEISHRH (20°C/min) §
4 30
z 1"
— g 25
= 1
5 i1
E_ [
| 20
E 1§
E .
3 § 3
: R
;- | E
il
E e 10
3 I ‘; 3
: . L
e gereay mneeer men - = = = "\\otv -~ a ~,-'.;‘\ rl'!“ \' rl ‘;é 5
DTG Curve ____ \ i i \J
i ""!':'j"“w.- TS we oy - - ::_..:7:‘_:3\:--‘": 3
e S .
\\ ¥ “~
[ \"\ . ~
- N 1
1] T T T T T T T T T T T T T T T T T 0} T T T T — T A
0 100 400 500

Temperature / °C

Toray Research Center

min~"

%

ra

Sensitivity



—=i¢Ll—

Logd

1.6

1.4

1.2

0.8

0.6

0.4

0.2

20C/min =

10°C/min -

SEHIE
AE =138.4 kJ mol"
5°C/min
2°C/min -
70 % Z453 R

y = —7.8954x + 13.678

0
+ = O =©o A
50 % E\55 R iF

y = -7.6053x + 13.565

AE =143.8 kJ mol

AE =138.5 kJ mol’!

o 10%ENFERS
= 20%EVHMERS
A 30%ELS RS
o A0%EAS fERE
O  5O%EMGMiERS
= GO%ENFRES
+  T0%EASMEEE
= Q0%BELSMEEF

L 3
30 % ENGy fiRiE
y = -7.2894x + 13.533

AE =132.8 kJ mol’!

w

1.4 1.9 1.6

17 1.8

1000/T

Fig9/NE7 v vy b (BERFHER)

1.9 2

2.1



—EL1—=

Log @

1.6

14

1.2

0.8

0.6

0.4

0.2

i o 10%ENSMRER
‘ w 20%EhG B
A *, A SOREASMIEES
R o A0%ENGY R
O 50%ELS iR
‘. = GO%EAS IR
L 10C/min ° ”\\:a, > ® o TOuELL RS
TR \ - QOuEMMERE
. AE =109.5 kJ mol’ |
5C/min -, . 8
L .‘&\"r.
. \;*
2°C/min . o k = *
] T0% #0453 fiRhE 50 % By il 30 % 5 iR
y = —6.1459x + 11.12 y =-6.0179x + 11.177 y = -5.8765x + 11.289
AE =111.9 kJ mol” AE =109.6 kJ mol™ AE =107.0 kJ mol”
1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1
1000/T

Fig.10./NEZ 1 v N (5%MBRR/ER)



=YL=

Log®

1.6

1.4

1.2

0.8

0.6

0.4

0.2

o 10%EAERE
I w  20%EM MRS
20°C/min % &\ - o A S0%ELSEES
i o A0%ENA MBS
I O  50%B45 fiEEs
\‘ = GO%ELSfERS
I 10°C/min “-‘ = 0 +  TOREG RS
. \ - QO%ESMERS
\ \
THE \
| AE=107.1 kJ mol !
5C/min = \A ™ IS
] t K’sg |
2°C/min im0 a A . &
70 % B\ S fiRiE 50 % Sy fiRiF 30%B\Sy iRy
I y=—-6.0661x +11.091 y=-58716x+11.026 vy =-5.7033x + 11.08
AE =110.5 kJ mol™ AE =107.0 kJ mol™ AE =103.9 kJ mol"
1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1
1000/T

Figll/N27' 1 v N (10%BRFR/ER)



—GLT—

Log®

1.6

1.4

1.2

0.8

0.6

0.4

0.2

e 10%ENA RS
. w 20%ENMIRER
20°C/min = A 0NMSHRDY
; o A0%ERS MR
i O  50%EfiZRS
® GO%BASMZRS
10°C/lﬂiﬂ “‘- + 70%%6}1‘]@%
i - Q0%EASfiR R
TFHIE
i AE =100.5 kJ mol™
5°C/min
2°C/min = E O o A 0
i 70% EAGy fRIF 50 % #\5 fift g 30%E\ S fiRiF
y = -5.6173x + 10.404 y = -5.552x + 10.563 y = -5.3897x + 10.623
AE =102.3 kJ mol™ AE =101.1 kJ mol™ AE =98.2 kJ mol!
1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1
1000/T

Figl2./MEZ v v b (BRFHR)



® RDFHBEOSH—DSCAE

—177—



® RDFEHOSIT—DSCHITE

1.8 M
1 : RDFEMERE #— 2410
Bt TR A THRERE L TRIEIZH LT,
2. ¥ &k _
TEEBEEEHE (DSC : Differential Scanning Calorimetry)
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£3 ERNRSEAM (LT UHREH)
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GAS CHROMATOGRAPH 6890 SERIES (Hewlett Packard)
COLUMN GUARD COLUMN
30m X 032mm,FT- 4 m
PYROLYZER Double-shot pyrolyzer PY-2020D
(FRONTIER LAB)
PYROLYZER TEMP. 60 “C (1min) — 700 “C (10min)/ 15 ‘C/min
INJECTION PORT A

INJECTION TEMP. 300 °C

COLUMN OVEN TEMP. 300 °C

MASS SPECTROMETER JMS-AMSUN200 (JEOL)
[ONIZATION/POLARITY El+

[IONIZATION VOLTAGE 70eV

ION SOURCE TEMP. 220°C

INTERFACE TEMP. 240 °C

APPLIED VOLTAGE 10kV

SCAN RANGE m/z 20 - 400

CYCLE TIME | 200msec

X1 GCMS BIESM (EGA)
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Display V4.02 E:¥RDF¥31128-02. SPA 11/28/05 13:22:28
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GAS CHROMATOGRAPH 6890 SERIES (Hewlett Packard)

COLUMN EQUITY-5 (Col: 33142-04A)
30m X 0.32mm F.T 025 z m

PYROLYZER Double-shot pyrolyzer PY-2020D

(FRONTIER LAB)
PYROLYZER TEMP. 385,550 C

INJECTION PORT A

INJECTION TEMP. 300 C

COLUMN OVEN TEMP. -10 °C (5min) — 320 ‘C (10min)/ 10 ‘C/min
MASS SPECTROMETER JMS-AMSUN200 (JEOL)
IONIZATION/POLARITY El+

[ONIZATION VOLTAGE 70eV

ION SOURCE TEMP. 220°C

INTERFACE TEMP. 240 °C

APPLIED VOLTAGE 10kV

SCAN RANGE m/z 10 - 400

CYCLE TIME 200msec

X3 GCMS BIESRME ONBAFELED 2534, BADRED 257 4T)
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Display V4. 02 E:¥RDF¥31130-06. SPA 11/30/05 14:37:41
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Display V4.02 E:¥RDF¥31130-06. SPA 11/30/05 14:37:41
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BB

M4 ICHEFv— bard, PRI RPTHOXIL VY KRDLFEMETH D, ZORROME
Enb, R (2) KLV BRERERDT,
R1ICAGREROWUERREL T, NEIEEOREHEITT10%RE, BMEROUTEHREIT+
0%RETH D, b, BIESNAEERMEDT, B TRES MRKEE) 23 8t (E&
B) YTV S L, RPTRONSEELAET S THRKRAB+ER] Lo —EOBEE
MEHZ R T 2BMEERTH D Z L ICEB SN,

1 REBERBEERHR

R o B RE R
= M EE -
R B Z /kgm® /l_l y
/C /Wm" K
E¥)
(20054 25 428 0.0556

| MhEEEORUEREITLI10%IEE
2 BCBEOATEREITE20%IEE
B, IWm-1K-1 = 2.390 X 10-3 cal ecm-1s-1 °C-1

7. BEXH
N B AR ESHR, P EEEBRKET 3K, p. L-73, LEMBEIT(1984).
8. FiTEH

18k HfrE X
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A T7(t) (K)

mELH

B 1 1 ] || ] L] 1 I ] ' ] | 1 1 ] 1 1 ) 1 ' ) | 1 1 1 I 1 ] L) I I L} L} ] LR L | 1 L] | 1 ] ¥ |
- 53 ROFEIMAM 4 (20058) (HSEE428 kgm™) ]
- BE : 25°C =
4 .
3L =
- ¥ ad .
- ’r' ° N
N ‘,t ‘ N
2F W 3
- - ]
- i A T(t)/K = 1.033 In(t/s) - 1.450 -
- Sl HBEH g=07198Wm" .
L [ 3 -
- Jgl .
1 __ PY //’ _-
C e o ZHAE .
¢ Pt ----E#EE ]
: L 41'/!//] 1 1 1 1 1 I 1 1 1 1 1 1 1 L1 l 1 1 1 1 1 1 1 1 1 l L1l 1 1 1 [l 1 1 1 I 1 1 1 1 .
% 2 3
B¥fl | n( t/s)
X4 BYRERBFET v — b



(1) TxA¥-—-

J cal
1 0.239
4.184 1
(2) #EHE
m s’ cn? s™! o* hr™!
1 1x10* 3.600x10”
1x10" 1 3.600x10
2.778x10™ 2.778 1
(3) H#%
J kg 'K! cal g'C’
1 0.2390x10°
4.184x10° 1
(4) BEEXR
¥ o'K? cal cn's'C! keal m'hr''C!
1 2.390x107 0.8604
4184 1 360
1.162 2.778x10° 1
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@ RDF#HOPW-—TG—DTGHIE
1. & #
1RRfE %4 (2005%)
FAfHL., EEREL THIEITHL -,

2. ¥ &
BEBATEE (TG-DTG* : Thermogravimetry — Derivative Thermogravimetry)
*DTG X TG D5y

3. Al i

ZEREMEA T T, EiBE~1000CH ® TG-DTG B % HE#EE 2°C/min, 5°C/min, 10°C/min,
20°C/min THIE L T, RDF EFREOMBBBEFE 2R,

RERMGOFEMT, KDOLEBY THD,

E o BERERR TG40 B

gt

<

F — 2 4 B )L A2 27 A “TRC-THADAP-TG2”
E3 B R EEER, ERK, S%EEHEEE, 10%EEEE

A A FiE & 50 ml/min

B OE & E: ®BME=vs7L (F2U—KS1k :353C)
B E IR E M ®IE~1000C

H B & E:10C/min

X OB B 10mg (EZKPICTEHE)

4. £
FHIEBHETO TG-DTG Hi# % Fig. | (CHEREEX T3, SHifRL bIC, BLZUEME (DTG v°—
ZIEE  |IE~100°C, 270~330°C, 450°C~500C, 600~700°C) OMBABENEH LIS, 215
DL, FEEBOBEBIIMEAZENRRICLDZ LD, B-~FUEEB O E IR OB

SRRIZEBLDEEZLND,

LT, HERNROARES LB _BEMAOMBERIZER LT, /NMNEIEIC X 2 BB MRIFOTE
P XA X —DREHERLT,

LD, BE—EEBOBEOK THHRE (150°C) OEEERS 100%. FH EBMEOBEORT
FHEE (8 300C~450CTHAKEIIL VR4S ;DTG B~ OESNEKIEICARHEE) ORER
Z0%EH LT, TG HIARDOELILEIT-/7- (Fig.2), TD TG HBIZHOWT, EEER I0%~10%
(BAERIL 53 BR R 10%~90%) BREDRE L FHAR -T2, TOFRER 1T DB,
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&1 ROF EARRBOVMBARILIRBFER" (ZXFHR) 28172 TG HIERR

- FERBLA RIS ORE ()
I B e T B T S S e e

10% |20% |30% |40% |S0% |60% |70% | 80% | 90%

2Cimin | 223 | 240 | 251 | 261 | 269 | 276 | 284 | 294 | 308

sC/min | 240 | 257 | 269 | 279 | 287 | 295 | 303 | 312 | 327

4

Q005 %) | ocosmin | 253 | 272 | 284 | 204 | 303 | 312 | 321 | 331 | 347
20C/min | 269 | 290 | 301 | 300 | 317 | 325 | 334 | 345 | 363

*150°C~#3 400°CEI CHE % HE1L

wIZ, BRI DFEHIEI AL X —2KDDI1-DI1IZ, R1OFERIZESWT, #lle /T (&
SHEHEE T OSH) . #tdhiZ logd (FEEEOE ALK 27y b1, ZOKEE Fig. 31277
(BREHIT 1000/ T IZLTH D), Zo/hB7oy MIBWT, BEEHUOEROEZ 6 TRIZES
WTEM bz XX —%2 KD,
WHLEBOEE = 04567AE/R
ZIT, AEREHIE=RLX—, RIZRAEEE (8314510 mol”' K™) TH D70,

AE (kIJmol™) = EEIERDHEE 0.0549

LEEMADILNTES.

Fig. 3D/MNET 1y FERD L. 10%EABE(L AR ~90%AB(L MR E TOWVT DT 1y MMIHW
Th, BRERBERIIESILTWVWED, ZOEXIFET TR, BBLOMBIKTFL TEKL
TW3, 22T, BmER<RERMR 3 A BEIZIE 30%. 50%. 70%EABE L A7 D E A O
ENLEINTNERIXAVLF—2RELY, FHEZERT 2L L L, ZOBREERPIC
METHEEBIC, R2ILFELDD,

%2 ROF B ORI S 8812 (ERBER) IS HEMHEIRLF—

¥ % 4 (2005%)
30%EBE L 53 BRBF O A E (kJ mol™) 109.8
50%ENEE (L 43 ARER D A E (k) mol™) 120.2
T0%ENEL (L 45 AREF D A E (k) mol™) 120.6
AE ODFHHE (kJ mol™") 116.9

*150°C~#9 400°CRI T EHE % IR 1L
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Fig. |

TG Curve

[ Air ]

upper/ bottom/
Apparatus : Shimadzu TG-40 Sample Size 1 10.260 mg Gas Flow : 30 ml/min, 20 ml/min,
Heating Rate  : 2 deg/min Pretreatment Operator . K.Nakanishi
Range 120 mg Vessel 1 Pt(1) Date : 2006.02.21 K229638 20
110 i_ i L} i ] L ] ] ] L) :
TG Curve
100 ¢- 3 18
90 [ : ]
- ) - 16
80 £ ! 4(2005%) 2°C/min ]
g I -
N | 24,(2005%) 5°C/min ] 14
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oS 60 £ i 24(2005%) 20°C/min 7 12
N - o - - E
- i i :
TN 50 f . 3 10
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+ : f I 2 :
¥ : : 3
ap 40 F T 38
- : U :
= 30 E M~ §
é . H \3,’ é 6
20 F =
o é P .&M{" _____ E
z \‘:‘A‘-‘:—:»:-’J"—!—“""lf '''''''' R BT e A e 8 e 4
1% E ]
01" bTg Curve ] 2
/ Vg =
E"f/::.\\“ 7 o 7 E
0 2 S\ DS R aﬁ “"TW*""‘{: 0
L I I e L L L I L L L L L DL B L) l_l T rTrTT l L DL DL L B I I B | I &3 L ¥ N8 %Y l L L L L L L L) I L L L R l TirTrrernrurit I L L L L L L L] l T TrTTroririeua
0 100 200 300 400 500 600 700 800 900 1000

Temperature / °C

File : KU-2A-1.btg,KU-5A-1.btg,KU-10A~1.btg, KU-20A-2.btg Toray Research Center

-1

% min

DTG Sensitivity



Fig. 2 TG Curve [ Air]
upper/ bottom/
Apparatus : Shimadzu TG-40 Sample Size  :10.260 mg Gas Flow : 30 ml/min, 20 ml/min,
Heating Rate  : 2 deg/min Pretreatment Operator : K.Nakanishi
Range :20 mg Vessel - Pt(1) Date 1 2006.02.21 K229638 55
110 E' ' > b T :
100 {- - !
TG Curve =s 1
0 F LY ;
: Rt - 40
é W\ :
80 F NN ]
£4(2005%) 2°C/min \\ _. :
70 E #A(2005%) 5°C/min :
£4,(2005%) 10°C/min 4 1 4
- e N S =SS Emsen . \ =
® %0 £ £4(2005%) 20°C/min % .
E e e LA _ " ]
= \ y o
b N 50 F 7 .
=~ » 7 N -
| E g / \\ b a _
- Y \ | 4
< a0 1 20
(I_J E !l I q ~
= 30 E ¥ L
: ) H ]
: L I ! “ ]
I \ \\ (] f \
20 \ 3 1 : B
: % i i R i
- 4 2 ! i -
10 S
%" 1 S
: : | .’ 1]
O " DTG Curve i ' ]
o o = s — "l. o
it T~~~ ot Pl dond T o eyt T e—— A N LT 0
L) i ' ] ) ) L} 1) 1 l L) L] L} L] L] L} L) ] I L) L] L} L) L) L] ] L] l ] L) L ] L) l L) L) L) L) T T T T
0 100 200 300 400 500

File : KU-2A-11.btg, KU-5A-11.btg, KU-10A-11.btg KU-20A-22.btg

Temperature / °C

Toray Research Center
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1.4

1.2

1.0

0.8

log @

0.6

0.4

0.2

0.0

20°C/min o) B A ¢ @ 10%E0ER L 52 fiF
O 20%EER (L 5 iR
10°C/min a A 30%EAER L > AR
A0%EABR AL 7 iR
5°C/min s O 50%BAER 1L 5> fiF
@ 60%EAER 11 77
EHE
_ -1
2°C/min \ = ) "

£ % ) ¢ &
T0%ZAER 1L o> fR S 50%EER 1L 5 AR 30%ENFER 1L 7 R m 80% LR 1L 43 fid

y = —6.622 x + 12.183 y = —6.599 x + 12.472 y =—6.028 x + 11.810
| AE =120.6 kJ mol™'| | AE =120.2 kJ mol™'| | AE =109.8 kJ mol ™| O 90%SAER (L 4R
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® RDFHHOMHM-DSCRE

1. B #
1 Bk
2. ¥ Py

4, (20054)
B RS 25 TSR L TRIE ISR LT,

REEETHMEE (DSC : Differential Scanning Calorimetry)

3. A

E

FREZ2ZFRFHK T TRAT L AMNERARRTR ICHA LT, FiE~#3000Cx TP DSC Hik
g2 0RL 3EAIE LT,
*EEARRBAHVWAZEIZLY, BREMBAINIIBGRET AN EENMIHE T AEMN
TERIRY, HRAOKRBIZHESRALZIMZ B LN TE 5,

BIESBEOFEMIIKROBEY THD.

% N

¥ O¥ W E

& :
& 0 B
R
BEHRE
# M
WO
£t B
"

A a—A LAY AL TIHE DSC220C

R YTt 25— S5 25 S TRC-THADAP-DSC”
AE 78S - EEF(80 mI/min), REIAA . £H
EHEA Va2 s (T,=156.61°C, A H,=6.86 cal/g)
iR ~ #300C

10°C/min

: #3.5mg (DSC Bu#RITEAEIE 3.5mg 1KLL TR)

AT L ZAREARIRE (NFHE - 15ul, ™E : 50 KF)
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4. 8 R
DSCHIB MR % Fig 1R T, RIS VIRL SERE LERRT LHTHIAN TV S,
F7-. DSCHIfRIZ., EHMRE, THPRBARL TWTC, o HE D IZEAER Y- OB
BERT,

3B DODSCHIRIZIT, ¥9126°C & FI160°CITHL RRBBE — 7 | 255CHSEM B RIS 7 F L 2N
Do, BEROBVRRAY — 7 I/ RER SO, BREORBIBASEIEI bLDLEEZD

n,

EDSCHIRN O, R — 7 IRE & BPIMERGRE LTI . RPICRHT DL LEBICER]
IZE &5,

%% 1 DSCHIE#HSE

- i ﬁifm% ;If RISERAIRE /°C
® 126 159 253
24 ® 126 160 258
(2005%) ©) 126 160 255
D8] 126 160 255
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sec™)

/ (mcal

Endother mic €——— Exothermic

Fig. | DSC Curve (1st Heating Run)

1.5

1.0

0.5

0.0

Sample: RDF £ 4 (2005%&)

Apparatus : Seiko Instruments DSC220C Scan Rate : 10°C/min Shape . Powder Filename : KUWANA-1
Atmosphere : Dry Nitrogen (Oml/min) Sample Size : 3.5 mg Operator : Nakanishi Pretreatment:
Interval : 1sec Sample Pan : S-SUS V Pan Date . 2006-3-1 Comment . K229638

] ) L) L] ] L

\ i "

BERMEA

126°C 160°C

BEME-2

126°C 160°C

lllllllll:lllllllII:IIIIll|lll]llllllllllllllllllllllllIlllllllllllllllllllllIllIIllIIIllllllllllllllll]llllllllllIIIIIIllllllllllllulllllIlll!lllll
1 Ll ' ] 1 | 0 0 J ) L) )

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

o]
File: KUWANA-1.B, KUWANA-2.B, KUWANA-4.B Temperature / °C
Toray Research Center,Inc.
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¥Rk 17 4H 13H
T181-8633
FRE=RHHRR3 - 141
BIATBREA  BBBTZERT

R - S
TEL:0422-44-8331
FAX:0422-42-7719

fal YA BT 2 HEE S OXRERRE S

THRBNEEE ULEBOARBERE TRO@ SREVWELET,

&c
1. HEEH
A1 O I ERASE
2. HABIEHE
ARl :E42c BSRIAMBWEORR
3. HBER
RELLFIART,

4. RRBFABLUREE
T757-8686 (LR LB/ B HE ’?‘ﬁﬁm

'PEL,:0836-72-1150“ 
FAX : 0836-73-0765
URL : http : // www. kayatech.com
5. KBRICET 2 BRVWAbYE
T115-8588 BIAUEALX 7% 3-43-1
*ﬂiiﬁr\‘ rijfl‘\"T Y
TEL : 03-3598-8061
FAX : 03-3598-6272
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B 2 H SR EMEYE DR

BB a1l T#3H3H~4H1H

HERGRR ORI NESETRFE 2 3 0 0 Fit

AREEE A hvrr v IV BREER KEE=

IRy FC-410 ADVANTEC Co.,Ltd

R SoERat F—x A F—HINELZF L NR-1000

iy S22y O 3 EAuE

Eip ST 10cm®

ER No. fEERE | A AEERA |HHEEX |HABRE | F-b
A TEIERRE | BRE HE FBHEE | BREE | HE

mE (°C) BRI = $y7°099°
(°C) (g) TW No. (hrs) (g) wE

1 200 696.28 646.7 13.67 114.83 1
Ayk® V)T FEIE TW1 1sec.
2 200 588.16 687.4 14.71 97.18 2
ZFOEFRIE TW 1 1sec.
3 180 588.23 663.4 16.34 101.99 3
ZOFEFERE TW 1 2sec.
4 160 588.21 201.2 9.34 525.85 4
ZFODFEFRIE TW 1 2sec.
5 120 588.21 121.0 13.33 547.38 5
ZFDFEFERIE TW1 Ssec.
6 140 588.21 146.1 9.67 549.49 6
FOFEFERIE TW 1 Ssec.

#HENOMEIIBHBARBEOIERICRENTEOEY ELE L=,
LI T ATCHRB EE DS 50mm FICABLTWET,

™ 1
TW 2
TW 3
TW 4
TW 5

s AAdodut
: TW 145 10mm 448
:TW 2 55 10mm AiH
: TW 355 15mm 4 {H]
1 BRI
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B1—1. XE&No.1 200°C ¥4’y FEiE (1)
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Bg1—2. EE&No.1 200°C FHP4vE'vyFEiE (2)
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E2—1. #ENo.2 200°C RHEFDOFEEFE (1)
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- FHEAREE
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E2—2. 5 E&No.2 200°C FHEFDFEFEFIE (2)
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BI3—1. AE&No.3 180°C HHEFDFEFEFE (1)
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© 400 , ~TW 2
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il I — —TW 4
ng 300 e —TW 5
" — BEASRE
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i
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B3—2. iAEiNo.3 180°C RHTDFFFKIE (2)

700

600 ﬁ%:: N\\

500 ot

~TW 1
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O 400

— o | = : 2
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—TW 5

F~—Y\{ =~
\\ " ‘AX*"\% e g ﬁinan E
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FrfE (sec.)
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4. HEiNo. 4 160°C RKHEFDxFHiE

0

10000

20000 30000 40000 50000 60000
Bl (sec.)

70000




Name: &E&No.5 120°C TOEFE Date: 2005/04/01 21:05:09 Page( 1/ 1)
g5
2005/0!?_‘/ 15 12:55:48.0 2005/03/23 20:55:48.0
B \
[cl
200.0-
/
I '.
| !
|]\|
\
' Analog ]
0.0
110.000[C/! Div]
[REER—=] - 10[h/Div]

BiERL N YU IE : 5s]

Ry HgEE: RVAEL
[7F+a45]

M Analog! [ C) (KBER)
[1 Analogd ['Cl(KAEH)
B Analogh [ 0] (KEEH)
[ Analog? ['Cl(KBER)
B Analogd [l (K&ER)
[ Analoglt ['Cl(K&EH)

B8

[(EEH—VILEEHTE]
7747 F404h : Analogl

i A 121.00° €]
= K E 121.0
B 1.0
Y E 95.8

10~080%3H LAY 23775(sec]

T—2 % : 136770

MRS NR=1000H— K[NR-1000]

- B
RaE
| &
AR &

11.00°C]
45992479
4599247.9
0.000021[Hz]
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-k A BRE
N &
OFFEH
ON B3
OFF B

[(aTvys]

110.0

1

0

27665 [sec)
20340(sec)



Name: $EiNo.6 140°C TODEZE Date: 2005/04/01 20:59:01 Page( 1/ 2)

@ ¢
qzoo5/r{‘13/zs 16:58:20.0 2005/04/01 00:58:20.0
[c]
200.0—
/f”;;:-&* — i :
l
|
|
|
|
|l
{
N [
0.0
110.000[C/Div]
[BlEtESHR—%] —  10[h/Div]

HELZ N YoYU EE 5] F—42 % : 152500
FUFERE: FYFEL

[7+a4]

[ Analog! [0l (KBEH)

[ Analogd [ 0] (KEBEsD)

B Analogh [Cl(KEEH)

[ Analog? ['Cl(K#ES)

B Analogt [ 0] (KEEH)

B Analogit [ Gl (KBAE3)

[E#] [aovo]

[EEH—V IVEITE]

TH747" #4044 : Analogl Aub4yE 5 NR—=100 05— FNR-1000]

- A 146.10°C1  # B 14.80°C1  #-UvABME 131.3
- 146.1 I 2 (8 3605347.9  ON @% 1
B E 14.8 A iR 3605348.0  OFFEY 0
T Yy B 0.6 B % & 0.000020[Hz]  ON S 19695 [sec]
10~900632% LAY 20950(sec] OFFE5RA 15110[sec]
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7) 120C ZOTEHE R

8) 140C #DFE:FHiE R




BAIATBUIAA

TRk 17T

T181-8633
B EHRER3 - 14 -1
R ZERT

5 R N S - <

TEL:0422-44-8331
FAX:0422—-42-7719

i
. ERER
ARl I IERAR
. AEBRIEE

AR 1 E42c BOHAUDEORER
. RBRER
RELTFICTRT,
. KRBT L UREE L
T757-8686 LLI (IR LI B RSP 2K 2300 <)
&ﬁAnvazaEﬁg%m =
ik R A & F -
TEL : 0836-72-1150
FAX : 0836-73-0765
URL : http : // www. kayatech.com
. BRBRICEET 2 BHVWEDE
T115-8588 RREPBILXEX 3-43-1
BA2HAYF VD
TEL : 03-3598-8061
FAX : 03-3598-6272
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6H 25H

RGBT 2 EEE S DR RS

RN R EE LEANORBRER2Z THROED THENVZLET,



R

B SR E DR

BB Tk 1 7TE#3H3H~6H10H

HBRIGAT (e B/ BT RFE2 3 0 0 &t

ABREEE HBASEHVYF v IV BEREER XKAE=

RG] FC-410 ADVANTEC Co.,Ltd

RSt F—xz 28 F—HEETZXFT LA NR-1000

5 STV o IR A (o vy

ARAEEHR 10cm®

#ER No. LERYLi R AEEX | HARBKAX | HBRE Fr—h

wE (°C) B R R = $7°999°

(°C) (g) TW No. (hrs) (g) wE

1 200 696.28 646.7 13.67 114.83 1

ub® ) FEIE T™W 1 1sec.

2 200 588.16 687.4 14.71 97.18 2

FDFEFRIE TW 1 1sec.

3 180 588.23 663.4 16.34 101.99 3

ZDF FRIE TW 1 2sec.

4 160 588.21 201.2 9.34 525.85 4

FOFEERIE TW 1 2sec.

5 120 588.21 121.0 13.33 547.38 5

ZDF FFIE TW1 Ssec.

6 140 588.21 146.1 9.67 549.49 6

FOEFERIE TW 1 Ssec.

7 220 588.18 685.1 11.20 89.28 7

FOFEFERIE T™W 2 1sec.

8 240 588.32 646.1 12.62 96.79 8

ZOF FRIE T™W 1 1sec.
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HEN DO BIXHARIFEOIBRIZFHENTEROED & UE L,
HET T ARCEB EEmD S 50mm TICEL TWHWET,

T™W1
W 2
TW 3
TW 4
TW 5

s AT DOHIG
: TW 155 10mm 44
:TW 2 55 10mm Al
: TW 355 15mm H4E
s DI <
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Bl7 EHEANo.7 220°C H¥zoFEFEFHEE (1)
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7]
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