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Abstract: The effects of blending ratio and heating rate on co-combustion characteristics of municipal sludge and
camellia oleifera shell were studied by thermogravimetric analysis, and the combustion kinetics of the samples
were modeled by two methods, Flynn-Wall-Ozawa (FWO) and Kissinger-Akahira-Sunose (KAS). Moreover, the
flammability index and comprehensive combustion characteristic index of various samples were calculated, and
the interaction between the mixed fuel components during the combustion process was analyzed. The results show
that, the burnout temperature of the mixed fuel significantly reduced, and the combustion stability and
comprehensive combustion characteristics were significantly improved after the sludge was mixed with camellia
oleifera shell. With the increase of the mass blending ratio of camellia oleifera shell from 20% to 80%, the
burnout temperature decreased from 590 ‘C to 532 C, the burnout degree gradually increased, the mass loss
increased from 63.13% to 92.19%, and the flammability index and comprehensive combustion characteristic
index increased by 1.66 and 2.32 times, respectively. The interaction between the components of sludge and
camellia oleifera shell mixed combustion occurred, which showed an inhibition effect in the volatile combustion
stage, while a promoting effect in the fixed carbon combustion stage. The average apparent activation energies of
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sludge calculated by the FWO method and KAS method were 122.32 kJ/mol and 118.08 kJ/mol, respectively, and
the average apparent activation energies of the camellia oleifera shell were 166.46 kJ/mol and 164.94 kJ/mol,
respectively. The average apparent activation energy of the mixed samples increased with the mass mixing ratio of

camellia oleifera shell.
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Tab.1 Ultimate and proximate analysis of camellia oleifera shell and sludge
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T ad KR THE: Wa(O)iBIT ZE RiETHHAT

2.2 ME TSI RAERET T

B 1 SR TI5PRFMASAE 10 Clmin T
TG-DTG #hzk. MK 1la)yrf LA H: {5eAmZET
PR EAT N A AR Z R, ML m 30 CH
% 550 CHY, MZ5T) LA 5em TR L, Ik
I 4% 72 1 R AR 20 91.68%, TS Y8 MS #AKE
TR G AR 20N 56.98%; 4 FhR SRR 1k
J 2R AR I A SE RS YR IR £k 2 1] i 1a)
i, WE5eA 3 NHERRERANE. BB
(30~150 °C ) B2k B 7K 20 HOAT H AN R e 44
MAER, WHBEEMRKLAN 8.02%. HrEl
(150~380 ‘C) MiMiZs5e R o IR UL RE,
JJR N 53.86% /Ao AR TFEEE AT YER . 4T
PRAARTREEYADA S BT 5 2R 1k

100  MS
2CS:8MS
g0 b ——— 4CS:6MS
6CS:4MS
8CS:2MS
60
40 +
20 F
0 1 1 1 1 1 1
0 200 400 600 800 1000
R/ C
a) TGl £k

SN, AT R EAAAE — € 22 7, PAFYEER
LR Y NI 2 0 e AL RS Y T 43 ) 225~350.
325~375. 250~500 ‘C%, f4f- 2K & £ e
AT TG RESCRE, B TE R G W il 4F
e R G P LA i R RS
AR, BT IR & T ge R AR
FHARE MRS, REVRIE R EE R
oy, PR, ERIIRY BOA KAt 1) R AP 4R R AT 4E
RO R HoRIRGE, ) DTG #iZknl LA
B 2 ANE RIS FE 225 CLEA IS 1 IEELEUN,
XA RE R P AR TR B 2 Mg EE
R YR RGN . BT (380~560 C) M4k
N EE B R Ge FN R R AW B AT e, X B
BURESURN 29.80%.

] -
0_
=1 b
E 21
2
2 =8r 2CS:8MS
= 2 —— 4CS:6MS
I 6CS:4MS
P 8CS:2MS
——CS
_6 1 L 1 1 L ]
0 200 400 600 800 1000
i/ C
b) DTG £k

B 1 5R5MET 6 ABIRIL T TG-DTG Mz
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Tab.2 Characteristic parameters of mixed combustion of sludge and camellia shell
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Tab.3 Activation energy of the camellia oleifera shell and
sludge mixed samples

FWO KAS
FE LS E/ R? E/ R?
(kJ mol?) (kJ mol-1)

0.2 128.05 0.9852 125.89 0.9829
0.3 160.84  0.997 2 159.91 0.996 8
0.4 162.34  0.9922 160.99 0.9911
VSR 0.5 12458  0.995 4 120.68 0.994 5
(MS) 0.6 9153  0.9999 85.09 0.999 8
0.7 9533  0.9885 88.24 0.985 3
0.8 9359 0.9779 85.75 09714

SEEIE 12232 118.08
0.2 148.09 0.9746 146.92 09715
0.3 169.69  0.997 3 169.23 0.996 9
0.4 167.14  0.9998 166.10 0.999 7
0.5 130.53 0.9949 127.03 0.994 1
2CSBMS 0.6 8571  0.9908 79.04 0.988 2
0.7 80.43  0.9792 72.58 0.9724
0.8 77.09 09721 68.30 0.961 6

P 12267 118.46
0.2 104.00 0.9757 100.54 0.9712
0.3 154.89  0.998 7 153.70 0.998 6
0.4 157.97 0.9999 156.53 0.999 8
0.5 140.39  0.9976 137.50 0.9971
4CS:6MS 0.6 100.79  0.9957 94.98 0.994 5
0.7 104.23  0.9997 97.66 0.999 5
0.8 115.74  0.996 1 108.94 0.995 2

T 125.43 121.41
0.2 130.29  0.999 8 128.48 0.999 7
0.3 165.92  0.996 5 165.36 0.996 1
0.4 163.35 0.9839 162.30 0.9819
0.5 158.34  0.9873 156.55 0.985 6
6CS:UMS 0.6 105.21 0.9813 99.90 0.9773
0.7 100.50 0.9859 93.94 0.982 4
0.8 10436  0.9753 97.10 0.968 9

SEEIE 13257 129.09
0.2 150.66  0.9899 149.70 0.988 8
0.3 187.18 0.9814 186.89 0.9795
0.4 177.82  0.9814 177.56 0.9793
0.5 8436  0.9921 183.98 0.991 2
8CS:2MS 0.6 157.39  0.9999 154.89 0.9998
0.7 150.96  0.9873 147.12 0.9853
0.8 107.53  0.9933 100.56 0.9913

P 159.41 157.24
0.2 180.20 0.998 6 180.98 0.998 4
0.3 188.69 0.9815 189.35 0.9797
0.4 205.45 0.986 4 206.67 0.985 2
e 05 185.68  0.9999 185.48 0.9998
(CS) 0.6 131.26  0.9749 127.59 0.9706
0.7 163.35 0.9931 160.41 0.9920
0.8 110.6  0.9910 104.07 0.988 6

FHE 166.46 164.94
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