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Table 1 Ultimate analysis and N distribution of each waste (dry base)

Sample Garbage Clothing Wood Paper Others”
Ultimate  C [wt%]| 46.6 574 470 413 492
analysis H [wt%]| 66 75 6.0 6.0 6.4

N [wt%] 2.0 6.6 14 0.3 0.8

O [wt%]| 384 25.1 414 430 186

S [wt%] 0.1 0.6 0.1 0.0 0.1

Cl [wt%] 0.9 0.2 0.3 0.2 2.2

Ash [wt%] 54 2.6 38 92 228

Composition 1o | 199 82 96 475 238
ratio of waste

Composition 1o N7 | 187 465 112 126 110
ratio of N

* include diaper, resin, vinyl, PET and incombustible

BRE, Y=—b, Ry MRV, BB & [ZF0
fib] 1I2F EDTRIL TV 5D,

THFERITIX, i, Bw I, K- T TSR
%< DNSEEATV 2, £, ThAEhOER
EEZEETLE, THEeRELTHA, Hw )T,
KA -T2 E5EINENGHEL, Th5THE
Z SEREEZ Ho T Wb, ABFFETIE, MBI N 4
% ER, POTHEERDON FIZED LEE DK
20, bwHdr, K- 770 3FEEIIOWTR
EBGH 2T, BOIREEOE T MEE T o720 F
7z, Ny FROBGET AP ERERE T, RRHERE
EHHB ENT NGOG 4T 5720

2.2 IREBDHERDBREDETIVE

KW TIIRESGITEE (A 23— A Y AV )V
SSC5200) % HWC, BhE s AR % 154720 BV &
BEALOZEE %155 720, N2 (99.99995%) % 200 mL/
min THEAE L2 5 1223 K T CTHIR L 72, A
ik 2,5, 10 K/min & L7z oM EREIE D w )
FH3187mg (£ 5%), Aint9.8mg (£21%), A - 47 -
773109 mg (£8%) TH-7s

155 N7 B B iR & 72 BV R E o0 £ VAL
WZOWTLIRRICERHE T 5, & 2 TIIRNEEZEASICSE
V5B RO ERRDOE G Z iR L LT

i 2

EOIZER L7,

ST, mplZHLEE T CTCORFOEETH Y,
s, mi \EZNZ AN, RREORHERTH 2.
= DEE ¢ OIEZLIE kTR SN D,
%%ZApriWRﬂﬂ—aV @)
AGHEERT, 0 GFISRE, EIRiEMLT 30 % —
R 13— B Ch Bo 3 (2) 12 SUBEE T & i
FERE B OBIRA RTR(B) A RAT S & R (4)HES



F2EE [EICAL 8218 #2-34a0% (2016) 147

}/Lz)o
p=4L @
%%Z%emﬂfERﬂﬂ—wn (4)

X)) OEPUTHER AT, WU ZRD 5L, ROK
5o

_(* da _Arr [_E
g(")_fo l-a" ,Bfr,exp( RT)dT

_AE (Texp(=) , _AE
- BR T, xz dxr= BR Dw (5)

ZZT, x=E/RT & L7 P (3SR BB &
INAHZEDS, FEHTIZBWTILLTIZRT Kissinger-
Akahira-Sunose # (LLF, KAS #) & Ozawa-Flynn-
Wall i (LLF, OFW ) Ew )i @f sng Z &
A QAL

KAS 3Du>=%(2_96) (6)

OFW i @ p=0.0048exp (—1.05161) (7)

KB I12(6) T 72133 (7) Z A L 72821 0 H AR
e LD L,

ln:fZ=<lnjz,R—ln g(a'))—RET (8)
In g— (ln O.OOZILQSAE I (a)) _ 1.0R517€‘5E )

SN L, 2T OFW a6z 09) 205 D
b AV F—oB MG EEZFHMHT 5, itz nd,
Wiz /T L7279 712, hAWBRIIE /2L
EOmEL, TORBEMHL L COFAERREEL ST 7
Fic7ay b5, 3O EORIREE CTREBHT
2119 & 7T 7 ECHEMEMSHRSL, T OBEMOME
Z 2% —1.0516E/R A4 T 5 72O L= % )L F —
RESNL, KASEIZOWT it % In 8/ T2 il
/T ELl7s7i127ay b3l s 57 EofE
EhoiEM b AV F—2HHTE L, $72, X(6)
BLORMILEPIC LA EEZEATEY, ML
19 2L TCHRBEINDEHE LAV T —-HHOKE %
METEAL7, 22 Tld Gao & & A U T3 TN %
10729, T4bt, L@ BIUX (9 THM LM
ML A VF—2HOTr2EHL, ko (10) B &
ORADIC L ) HEEE LA VF—-0BEHZT- 72,

_E
RT

] b <lnﬂ —In g(a)) (10)

T E

B _(,, O00BAE _
H "R

_ 10516E

In RT

In gla) (11)

2T, hE HiZx OB E L TRENDLEKOHIE
XTH5b,

4"+ 18x°+88x"+96x
)= 205+ 120+ 2405+ 120 (12)
_ 2
HW exp(—x)h(&)/x (13)

~ 0.0048 exp(—1.05162)

RE S NG b AV F—Z2 AW THE x 25 H
L, X(10)~13) Z5HHE L OEHEE= AV F—%25H
3%, CoOFME%L, BHEtERIZOGEE L 2L F—
DEHN 01 k]/mol LLFIZ A F TR L CTiEMibT
ANVF—ZHH L7, BHERT, RULKREIZOWTIX
IFE S OFETHRE L. 72, KR THW 2R
FHIEBOBEEMIEEEZOE Y M S 7250
ThHY), H—DftFEWE TR IN T nwZ L2 b
IREFY & & AR E O RIS EAT L CH#EITT 52 b O
& LTHho7z,

2.3 BHMA AT

IREEBIAT D & [ ZB RN A DR E IS 5 E
PEONDLD, ZORGEHOPIIT A0, Ny F
KOG AP E AR % 1T > 720 Fig. 1 2B
A E TR EREE TE OBERE & 7R 9, ZETE IEREHRY & FERD
R Th Y, REZ SRS L O0E, ¥ — VIHER
BILOHARERCHER S 5, 32 AR S
BNEBIZERIE LT Ar (99.9999%) % 0.5 Ly/min Ciit
S FWERD 2R % B L 725 R iRA S Az Bth
L7260 ZSHE LUT2BUMRTT A3 — VIHEEE TS — L %
B Lo 4 AERA~GRA S8 720 AR Tl
By R AT A % AR WK, NaOH KB O NEIZ N
T &R, FNENOERIZ NH; & HCN % %
&Rz 2D, 70— A —%— (Y FHIH DC-
2) THRAEZMELBRICHER L7z itk et
IR A L 722 E R ST E OIRFEEIZHE L T2 5 30
BRI KRR Y ) v R IR B L RIS, %
BT 52 ETEGRE TR, ZOBEIZIX

Reactor
Thermo couples s
Mass flow controller \\ Heater
00000 :
60000 : Y
Pre-heater : Sample
ae e
Exhaust N HCNNH3 .......

M [ (0 (0 .
Flow meter: [THHTH .
: i“l“l“l"l : Gas collecting

"oy s

Fig.1 Experimental apparatus for thermal decomposition
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Fig.2 Comparison of conversion ratio

Table 2 Calculated activation energy of each method for clothing

Conversion Activation energy [kJ/mol]
Ratio [—] KAS OFW KAS OFW
Iteration 1 1 3 3

0.10 172 173 172 172
0.20 181 182 181 181
0.30 185 185 185 185
0.40 185 186 185 185
0.50 184 185 184 184
0.60 180 181 181 181
0.70 170 171 170 170
0.80 92 97 92 92
0.90 165 163 166 166

T35 L7 L OMEITHOILT W LR DIN
4 F < ADTEMEALL OV F— 1%, 70~180 kJ/mol FEEE
FCIRIE LS AL TWBY, oS F< A& L
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Table 3 Kinetic parameters of thermal decomposition of each
waste (fmeans mass fraction of each reaction)

. E A n
Reaction [i] [k]/mol]  [1/s] [—]
Garbage | 1 0.06 128 21x10" 156
2 0.14 183 65x10° 81
3 0.80 921 LIX10® 97
Clothing | 1 0.96 181 71x10% 06
2 0.04 179 40x10° 35
Wood 1 0.13 198 71x10° 136
2 061 200 33x10° 45
3 027 248 44X10% 87

THREHEHBIZE S L, Skodras'? & (#8522 FE S
T A EM b= AV F—% 117.38+14.32 k] /mol &
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k]/mol) ®— MR ERIZINE o TV DL 2 N H
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Fig. 3 1Z/R ¥ HEIZIZ A RS 10 K/min O B
REHNTBY, WH L THETT ST NENDE
HEREMFOLEL T b, Fig. 3 1R 7 £ ) ICARIFZE
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Fig.3 Comparison of conversion ratio (Heating rate : 10 K/min )
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Fig.4 Nitrogen yield in thermal decomposition of each waste

NH;~NEGfEESNLbDEEZ LN, Thwz, )
HENZNGTORPIE NH BEITEZER LT LN
T& %o

DEXY, 5w HgF M, K477 F1E NG
HEz2HpMEETEBTEL2L, IHENEN
SENH; 2 EHTETDHEN) ZEDNFR S0

4. &

il

BT S ABEHIF CEBIMEL I N L TAD ) b, §F
I27 2 — TV NOx ~NDEENRKREWEEZEZLND
HLwIGr, A, K- T T ERRRIC, REBGHTE
ITWBVHREEE DT T IWALZ AT\, BV RS 2 &
N5 NGTOEHFZRST, UTOMREE,

1) KAS #:B XU OFW 12 & » TiEMibT 2 v
F—2HMTLELTOERNLLNDL D, #
HrCHW LM 2 #1E L TR LEME %179
ZETELELOFELFE UEE L= AV F—D
2RO NTz, 72, HRLETHEZITDR WY

BIZIE KAS D F PO L 7235 b= & v
F— L DEEIVNE o T2,

2) BEBOBGETIEHAT L CETT 5 EAES

HZ T, EREoORERMBELEERET IV
LT/,

3) B ENZ NFIZWTFhoRETL ¥ — b

DAL, ¥ — )V N IR NHy ~ &
SRREEND, L7 T, S N5D
K NH; & %25,

z EX R

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

Witk LT, HARE, [UkFZ, A M—AHICB
VB HEA A BB & AL O BF FIZ X B NOy i FE D%
M, BREEETA TAERFZE, Vol 29, No. 3, pp. 94-97 (2015)
Bl D, =iikER, EEKL, PABEPEIR Y O S84 &
W, 727 AT A, p.63 (1997)

J. Zhou, S. M. Masutani, D. M. Ishimura, S. Q. Turn and C. M.
Kinoshita, Release of Fuel-Bound Nitrogen during Biomass
Gasification, Industrial and Engineering chemistry research,
Vol. 39, No. 3, pp. 626-634 (2000)

K. M. Broer, R. C. Brown, The role of char and tar in determin-
ing the gas—phase partitioning of nitrogen during biomass gasi-
fication, Applied energy, Vol. 158, pp. 474-483 (2015)

Q. Ren, C. Zhao, X. Wu, C. Liang, X. Chen, J. Shen, G. Tang and
7. Wang, TG-FTIR study on co—pyrolysis of municipal sol-
id waste with biomass, Bioresource technology, Vol. 100, pp.
4054-4057 (2009)

Frank, A. and Castaldi, M. J., CFD analysis of municipal solid
waste combustion using detailed chemical kinetic modelling,
Waste Management & Research Vol. 32, No. 8, pp. 745-754
(2014)

ANEEICR, JEERAEER (1) H—FaRoE,
A#GMITES2:, Vol 31, No. 3, pp. 125-132 (2004)
Z. Gao, M. Nakada and I. Amasaki, A consideration of errors

BallE, H

and accuracy in the isoconversional methods, Thermochimica
Acta Vol. 369, pp. 137-142 (2001)

EYEE], SREES, MMAMREL, BHE— BEESTEH
W7o —EBEREY O B RSB O | TOVAL,  BEEW TR OCEE
Vol. 15, No. 2, pp. 105-113 (2004)

HAE, FHSEL, AR, & FlE, s K
ERBEFEYM OB R BT 2 EF ORI EE), RETERE
2R T T LGEEGCHE, Vol 23, pp. 133-134 (2013)

C. D. Blasi, Modeling chemical and physical processes of wood
and biomass pyrolysis, Progress in Energy and Combustion
Science, Vol. 34, pp. 47-90 (2008)

G. Skodras, P. Grammelis, P. Basinas, S. Kaldis, E. Kakaras and
G. P. Sakellaropoulos, A kinetic study on the devolatilisation of
animal derived byproducts, Fuel Processing Technology, Vol.
88, pp. 787-794 (2007)

E. Cascarosa, G. Gea, J. Arauzo, Thermochemical processing of
meat and bone meal: A review, Renewable and Sustainable
Energy Reviews, Vol. 16, pp. 942-957 (2012)

P. Glarborg, A. D. Jensen, and J. E. Johnsson, Fuel nitrogen con-
version in solid fuel fired systems, Progress in energy and com-
bustion science, Vol. 29, pp. 89-113 (2003)



F2EE [EICAL 8218 #2-34a0% (2016) 151

A Study of Kinetic Analysis and Nitrogen Emission Behavior
of Municipal Solid Waste in Thermal Decomposition

Yuji Shiraishi*? ¥, Naohiro Nakataya®”, Toshio Hama®, Michitaka Furubayashi®

Noriaki Nakatsuka®, Jun Hayashi” and Fumiteru Akamatsu ®

Y Hitachi Zosen Corporation
2 Department of Mechanical Engineering, Graduate School of Engineering, Osaka University
¥ Hitachi Zosen Corporation
¥ Hitachi Zosen Corporation
% Hitachi Zosen Corporation
Department of Mechanical Engineering, Graduate School of Engineering, Osaka University
Department of Mechanical Engineering, Graduate School of Engineering, Osaka University

Department of Mechanical Engineering, Graduate School of Engineering, Osaka University

7 Correspondence should be addressed to Yuji Shiraishi :

(Hitachi Zosen Corporation E-mail : shiraishi@hitachizosen.co.jp)

Abstract

For reduction of nitrogen oxide in municipal solid waste incinerator, thermal decomposition of mu-
nicipal waste (MSW) that has been classified as a typical component was investigated by TG analy-
sis under inert atmosphere. Activation energy calculated by Kissinger-Akahira-Sunose method and
Ozawa-Flynn-Wall method were different, but same value were calculated by iterative procedure to
correct the error of approximation formula in both method. Analysis of the N component contained
in the thermal decomposition gas, a small amount of HCN was contained and a lot of Nitrogen were
included as tar and ammonia.
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