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Table 1  Proximate and ultimate analysis of food waste and its hydrochars

. Tk /% , ar TCEGM1/% , ax L

i M v FC A [C] [H] [0] [N] [S] HHVIM] -kg™!

FW 6.30 68.08 11.51 14.11 37.17 5.82 32.66 3.52 0.42 13.62
FW-200  5.58 5170 30.94 11.78 53.68 5.01 19.58 3.97 0.40 19.31
FW-230  5.22 46.93 3530 12.55 59.78 6.00 11.66 435 0.44 21.93
FW-260  5.11 4033 3935 15.21 64.64 5.57 4.36 4.65 0.46 22.41
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TEVE [ ZERS B 28w AR 772 1) SETSTS Evo #AH /34T
AT RFE S B be S 6 (% B 45 TR RS E h+0.3 °C,
KV RE H+0.023 pe) o LI G A =R
AR, VINL) 1 V(0,)=4: 1), SR &N 60 mL/min,
SR T SR S AR e T 3 A 2 R A VK SR A R
¥4 (10£0.1) mg. R HZ U AR IRLIAL, =
IR, 2GR 1000 °C, FHE#E FE A 10,20,40 C/min,
S B R G 25 TR ST RN, B UGBS 1T AT — IR
YK, DR THEE 2 KU L, LR RERE
PEEAS

2 ZER5{TE

2.1 [EFRBIR R HK B IR BRI S AR
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et B rh #UR L (TG) i s A (DTG) 2 an &1 1 i
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Fig. 1 Thermogravimetric curves of food waste and its

hydrochars at 20 °C/min heating rate
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Fig. 2 Thermogravimetric curves of food waste and its

hydrochars at different heating rates
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ot - 38 23 ) AT A, b R R, Tl AN
WA (it 422 4 A AT EE RV RR IR L RE , T A i Y 2R BRI s
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Table 2 Combustion characteristic parameters of food waste and its hydrochars

FE }zﬂff/ T/C  T/C  T/C  D/%-min'  T/°C  Df%-min"  Dyut%-min"  Sx107/min?-C"
10 224 561 298 -5.64 461 -3.08 -2.13 4.26
FW 20 241 606 313 -11.06 487 -5.25 -3.97 125
40 262 657 336 -24.58 506 -8.18 -7.33 39.95
10 237 582 301 -3.14 429 -3.38 -2.32 2.40
FW-200 20 245 642 306 -6.19 440 -6.46 -4.02 6.74
40 251 721 318 -12.12 480 -10.37 -6.97 18.60
10 254 585 308 -3.12 433 -4.11 -2.21 2.41
FW-230 20 261 639 322 -5.28 457 ~7.43 -4.88 8.34
40 263 732 339 -83 518 -11.31 -8.33 18.60
10 255 569 329 -3.12 404 -4.75 -2.32 2.98
FW-260 20 311 622 425 -8.03 — — -4.16 5.55
40 314 706 478 -11.65 — — ~7.00 11.72

TE T 50 15 2 R (B I AIRLE , °C5 Dy D5 1.5 2 R E W R V(R 0 2R T8 5 D — MG K IRLEE SRR JEE 19

PR HE AR %/min.
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Bt s m, —— RSN S T AR BT A

KAS (Kissiger- Akahira- sunose) 3% Fll FWO (Flynn-
Wall-Ozawa ) 75 42 2 Ff LR (1) S 55 AL 8 0k FE T H 58 s g
TE AL RE I A AN e 38 B WAL ek R A AR L DT AT 9
RS IR TR 2 Fh oy ok R b A rh i
IHALRE. KAS I FWO 7052 T30 (5) (X (6) ™

B AR E
ln[sz ln{Eg(a)}RT )

0B =1of COAE | osis B (o)

Rg(a)
AP B AR o 9 8 R A R THE RN Ing

B W LT y=Ave B L8 AL

EONEES 7 e A LI B o N R 1

K KAS B8 FWO 35 4R 15 B 43 by 3 S =K #4
BRI 3k T P (4 5 AL BE TR ¢ R AN L 3 iR . W
30 AR o R 0.1~0.9 B, A OG R S
0.90~0.99 Z [A] % 3y , i AH & REGR WISk X 2 Fhoy
12253 W7 Jaf 4 B K #8082 g 2 BA B4y i) T
PEo B2 3 AT, SR AT KAS B H FWO 43 511 3545 19
A REMIG L RE 22 S AN B AL AR L g X
X2 JE A F S 45 A — B, o KAS B3R5 1Y
Jof 4 B 3% 1) 35 4k fiE N 27.61~58.17 kJ/mol , FWO 3% K
36.48~68.10 kJ/mol ; KAS 5 345 i 4% 157 3 1) °F- 243 1k
BE A 41.02 kJ/mol, FWO %24 49.34 k]J/mol; & Ji] KAS
AR FW-200, FW-230 , FW-260 HF 175 1L BE 7>
A 75.59.65.00.61.96 kJ/mol , FWO 3% 3545 B - 24 1
fLBE A 80.83.72.62.69.75 kJ/mol .
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Table 3 Kinetic parameters and correlation coefficients of experimental samples

FW FW-200 FW-230 FW-260
a KAS FWO KAS FWO KAS FWO KAS FWO

E R E R E R E R E R E R E R E R
0.10 3520 090 41.70 090 94.10 097 9584 097 116.87 0.96 119.73 096 106.40 0.99 109.93 0.99
0.20 41.47 096 4842 099 86.73 095 89.70 0.96 74.67 0.99  80.30 0.99 64.81 099 71.11 0.99
0.30 3598 095 4372 099 71.15 093 7575 0.95 61.72 0.99 68.56 0.99 61.32 098 6831 0.90
040 3028 099 37.63 094 7291 0.98 7745 097 64.62 098 71.84 0.99 63.89 096 71.21 097
0.50 27.61 093 3648 099 7950 098 84.55 0.99 61.31 0.96 69.21 0.97 58.89 093 66.88 0.95
0.60 30.59 093 3997 099 7495 093 80.87 0.96 55.17 0.93  63.83 0.95 53.70 0.99 6237 0.99
0.70 5231 099 61.18 099 68.87 096 7572 0.98 51.94 0.92 61.20 0.95 49.54 098 58.84 0.99
0.80 57.55 099 6684 099 6526 094 7290 0.97 4891 0.92 58.77 0.93 48.27 093 58.10 0.96
0.90 58.17 094 68.10 089 66.73 099 7470 0.99 49.75 093  60.12 0.95 50.83 0.98 61.03 0.99
I 41.02 096 4934 097 7559 0.96 80.83 097 65.00 0.95 72.62 0.96 61.96 097 69.75 0.97

T R—HE R

X F o A B S A RE  FE e < 0.2 I, JF A i 3 G 4k
AEHI/NVER, FE R TR B A%, & A 4k
R PR ORTTR RIS TE R 55, X 285011 I
L PEAN ], ST PR A 23 1 S B4R A 1, B L%

PN 735 DU R IR SO 22 1) e A RE SR , ETIT G AL BE
AWK E 0.3 <a<0.5 0, 1AL RE R/ #, F5
Je TR R I S TF IR RS , HCHh BB 23 BT A
SRR AL, o8 ) A 0 S O 35 PR K, R s AL R
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STUDY ON COMBUSTION CHARACTERISTICS AND KINETICS OF
FOOD WASTE AND ITS HYDROCHARS

Zhang Xuefei'?, Xing Xianjun'”, Mi Mengxing”, Li Yongling'?, Ma Peiyong'?
(1. School of Mechanical Engineering, Hefei University of Technology , Hefei 230009, China;
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3. School of Automotive and Transportation Engineering , Hefei University of Technology , Hefei 230009, China;
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Abstract: The combustion characteristics and reaction kinetics of food waste and its hydrochars are studied by
thermogravimetric analysis method. The combustion characteristics of food waste and its hydrochars under three different
heating rates (10, 20 and 40 °C/min) are compared and analyzed, KAS(Kissiger-Akahira-Sunose) and FWO (Flynn-Wall-
Ozawa) methods are used to calculate the reaction kinetic parameters during combustion. The results show that different
combustion characteristics of food waste and its hydrochars were observed at the heating rate of 20 °C/min. The differential
thermogravimetric (DTG ) curve of the food waste presents double-peak structure while the first peak of hydrochar DTG
curve become smaller until disappeared with the increase of the carbonization temperature. With the increase of heating
rate, the DTG curves of each sample shifts towards the high temperature zone. At the same time, the ignition temperature,
burnout temperature and the combustion characteristic index increase, too. A similar tendency of the combustion activation
energy determined by KAS and FWO methods is observed. The heating value of hydrochars increase and the average
activation energy during combustion is higher than that of kitchen waste due to the decrease of volatile content and the
increase of fixed carbon content.

Keywords: combustion; kinetics; carbonization; activation energy ; KAS method; FWO methods; food waste



