55 19 %55 3 1 ORI B S 14 Vol.19 No.3
2019 £ 6 H The Chinese Journal of Process Engineering June 2019

PRI, .. . EEOET

BT

DOI: 10.12034/1.issn.1009-606X.218277

Co-combustion characteristics and kinetic analyses of rice straw and
pulverized coal

Xianjun XING'?**,  Zeyu CHEN'2, Yongling LI>, Chengcheng ZHU'?, Xuefei ZHANG?

1. School of Automotive and Transportation Engineering, Hefei University of Technology, Hefei, Anhui 230009, China

2. Advanced Energy Technology and Equipment Research Institute, Hefei University of Technology, Hefei, Anhui 230009, China
3. School of Mechanical and Electrical Engineering, Anhui Jianzhu University, Hefei, Anhui 230601, China

4. National City Energy Measurement Center (Anhui), Hefei, Anhui 230051, China

Abstract: The synergistic interaction and kinetics
of rice straw (RS), pulverized coal (PC) and their
blends in the combustion process were
investigated in this study. The content of PC in the
blends were 30wt%, 50wt% and 70wt%,
respectively. The experiments were carried out at
different heating rates (10, 20 and 40 ‘C /min)
under air atmosphere with a flow rate of 60

mL/min and the temperature ranged from room

u blends Thermal

PC analyzer

temperature to 1000 ‘C in a thermogravimetric

simultaneous thermal analyzer. Meanwhile their

activation energy during combustion was studied

by Kissinger—Akahira—Sunose (KAS) and Flynn—Wall-Ozawa (FWO) methods. The results indicated that the RS
showed one more weight loss peak than the PC in the derivative thermogravimetric (DTG) curves and the residual mass
of RS was lower than PC. The different mass of PC in the samples had no obvious effect on the co-combustion weight
loss characteristics at the low temperature stage, but there was significant effect in the high temperature zone. As the
heating rate increasing, the DTG curves of all samples were shifted to the high temperature side, resulting in thermal
hysteresis. The interaction between RS and PC was inhibited in the temperature range of 320~520 ‘C. When the
temperature was above 530 ‘C, there existed positive synergistic interaction between the combustion process of RS and
PC, especially at 600 ‘C. The kinetic analysis showed that the values of average activation energies calculated by KAS
and FWO methods were highly consistent. When the content of PC was 50wt%, the activation energy reached the lower
level, 76.0 kJ/mol by KAS and 83.2 kJ/mol by FWO, which indicated that the chemical reaction was easy to complete.
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Table | Ultimate and proximate analysis of RS and PC samples
Ultimate analysis/%" Proximate analysis/%"
Sample - -
Ash Volatile Fixed carbon C H [0} N S
Rice straw 13.87 72.89 13.24 39.77 5.53 39.50 1.02 0.31
Pulverized coal 28.06 23.02 48.92 57.11 4.69 8.54 1.31 0.29

Note: 1) Dry basis.

22 IR IILE

DHG-9070 HL #AE 5 86 X TR A (= K B A
PR, 84118 HL BN RALCE L3R - TAET ),
FA124 37 RF (5 FAE- PR AR A F]), MAC-

3000 4x B 3 k2 B A B 2 A a5 A7 R 22 7)),
VarioEL cube JC & 43 BT (1% [ Elementar 2~ &), Setsys
Evo TG-DSC/TGAFAH 73 1A% (7% E[SETARAM A 7)o
23 KWHE



3 1

JRIRZE 5 KARBRGAT 5 IR SRS 1 K3l 1y 639

Wb PR 5 ) RS 1 PC AAFEILLHIIE &, PC & &5
M0, 30wWt%, S0wt%, 70wWt%Fl 100wt%, FEdhiclE RS,
30P70R, 50P50R, 70P30R £l PC, VB &HIAIG BT T1%
PP RIGE R SIS R F A A, BRI E AR RRAE
60 mL/min, 2SS AN20=4:1 MEFLLL), BEIREL
FEfL 10+0.2 mg, RAAEFERZES L 10, 20 F1 40
C/min (FHEHEZEMNERINIAE 1000°C. LRFTHAT
TR Akl HErESEimEE MWK, LU R4
AR Z . LI AEE L 1.

RS . . L
PC Drying » Crushing Sieving
Thermogra\flmetrlc < Samples Mixing
analysing

3 v
Fig.1 Flow chart of experiment

3 HERE5T®

3.1 KTETEFT SRR IR R R I

] 2 ¥ RS Al PC £ 20 “C/min FHEHE R T FIBREE K
HAVRERSR, hE A, BRI ES, RS cE F
SN AANBEBL, REER I3 AN, 51 BUR A
164 CLAF, FENKPZIGER RN, HI—HH
PP R, RETVEAHE, XM TRMEK
BB 52 MrBUE 164~386°C, L EHRLE 300 CHY
IR R L, I R R R, A REHE R
AR, EEFR TG R AL 4R I RS 2 3
AP BLLE 386~537°C, BRI Z LM AN 2 Bk (1R
B, TE 460 C T ML B, 2R 2 M BE R g
IC ELYEH B8, 3 H T [ Bk & B AR >, B beA
£ B AMBUE S37CULE, KRETLE, MR bIE
RN 0, FEMPRR, BRbe R BILEH

100 - = (a)

80 -

= ]
2
S 60
E ]
‘D | —=—RS
z 400 o 30p70R

[ —a—50PS0R *e o

20 F —e—70P30R eprTrers
- —e—PC
L | L | L | L | L
0 200 400 600 800 1000

Temperature/C

100
80

60

Weight loss/%

40
-12

Weight loss rate/(%/min)

20

-16

0 200 400 600 800 1000

Temperature/C

2 KRERERT 0 2 L 2
Fig.2 TG-DTG curves of RS and PC

PC MR FEAXS G218, HIMAKEE, 26 2 KE
WSt AR, 5 RS MIEL, PC ARREW & (X 2044 & 0 i
U R ] 5 B by LR g, RO R R o R, DAL E
WRIRGE N T . B8 1 R R EON AR Z AR, 2B
2 R E IR R ] e IR R, IEEIREZ)0h 560°CHYL,
3.2 RIS I

B 3 AFHEEZ 20 ‘C/min '~ RS 5 PC KB
PR EPIRE AR E 2. K 3T I, BEYAE
BIRLT RS H1 PC SRR FE i 2 2 1A] . VRS
PC &N, KEAEL 275 CIHIE R AV B, KE
D B R E BN, BRI S iR AR T RGN
HE 30T W, AR FEERMESF W PC & &G
TR B . MIREWH PC & &N 30wt% 1 50wt%
I, I 4 AMKREEE, X ET RS M PC FARARERS
[f] 5 ik % UG IR BE AN [R], FE A 30P70R AT 50PSOR 7E
450~600 C HiIW 2 M EmRA EIE. REWH PC &5
9 TOWt%I I 3 AR E g, g 2 O HIE T R R
WOR(R T 3 KEN, XM TSR PC &5
B, BT PC B FEMH, 70P30R #AGe A
1) 3 o7 B 2k A [ E B iR Jpe 1T

Weight loss rate/(%/min)

-10 - —o—30P70R
12 b —A— 50P50R
4L —#— 70P30R

I —e—PC
16 b

C L | L | L | L | L

0 200 400 600 800 1000

Temperatue/‘C

B3 ANFEHB IR L AR i B R IoR 24 o it 2

Fig.3 Combustion TG-DTG curves of samples with different mass ratio
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Table 2 Combustion characteristic parameters of samples

Sample S/(‘C/min) T/ C T/C (dW/dE)max/(Yo/min)  (AW/dD)mean/(Yo/min) S/x1077
Rice straw 10 258.60 47451 9.41 3.61 10.71
20 267.73 498.43 16.84 6.97 32.85
40 277.02 543.82 35.52 12.80 108.95
30 Pulverized 10 259.96 574.94 6.29 247 3.99
coal 70 Rice 20 268.18 618.30 9.90 4.49 9.99
straw 40 285.42 674.24 23.82 834 36.17
50 Pulverized 10 260.28 596.13 4.14 2.26 232
coal 50 Rice 20 268.57 633.29 724 426 6.75
straw 40 288.68 712.73 16.84 7.53 21.35
70 Pulverized 10 379.89 612.01 3.96 248 L11
coal 30 Rice 20 400.87 651.52 6.91 4.74 3.13
straw 40 410.51 731.05 10.24 7.70 6.40
Pulverized 10 43238 627.08 523 322 1.4
coal 20 456.75 675.06 8.10 5.99 3.15
40 46031 775.47 10.55 8.90 571
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Fig.5 Calculated and experimental combustion TG-DTG curves of samples
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