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Tab.1 Instruments and methods for basic

properties analysis
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A I Y
HE il ASTM — 5685
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Tab.2 Design of factors and levels

. T A/ A2/ A/
GEY R 1 .
(°C+min~") mm (mL+min~")
E! 20 0.45 50
JE2 20 0.45 100
FE3 20 0.90 50
VEX! 20 0.90 100
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Tab.3 Basic properties of rape straw used %
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Fig.1 Curves of rape straw combustion characteristics
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Tab.4 Combustion characteristic parameters of rape straw

PRBERRIE S8 VER! VEY VE X VEX
KR/ 264 234 231 262
YER 5 I KR BE %/ (% ~min~") 18.74 18.6 20. 36 19. 64
Y R 3 B KK e 3 S8 568 107 1) ¥l 8/ °C 292 293 291 290
[#] 52 B i KRB/ (% ~min ") 18. 62 20.31 19.72 20. 59
TP ke e RO HR o 3o 0 o 11 1 82/ °C 430 430 421 425
R R/ C 513 532 506 520
LR IR PR REL S 3.81x1077 4.30 x 1077 4.40 x 107 3.90 x 107
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PR LB —RE 2 S, A [FRLAR K B A
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Fig.2 3-D spectra of gas emission under different factor — levels during rape straw burning
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(c) HE3 (d) H%E4
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Tab.5 Mass-to-charge ratio for the main kinds

of gases released

53 F T A b TE U5 oy Eb
co, 44(100% ) ,28(11.4% ) 44
HCl 36(100% ) ,38(32.4% ) 38
NO 30(100% ) ,14(7.5% ) 30
NO, 30(100% ) ,46(37% ) 30
S0, 64(100% ) ,48(49.3% ) 64

Jo T ASC A B A7 L RE S I N 8] 2 1 Yl 2
AR 3 A7 A Bl st £ Ff I ) MR 82 B 56 2R 8 o3
s o (4 I 18] S iR B (1T 4) o

UAPE 4 JI s SRR FERE dh 2R BE B B X i
BOREAM, FEAUSFEKER CO, L B &
NO, SO, #l HCI S5 {5 A AR v ish sl , HL < 1Ak Bl
I [F1) 88 A pb £ 5 AR T 3 R g e R AT — B 0 B R

CO, EZAE 5 S o3 HR e b BOT #h A2 78, O 45
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(b) Ir#2 () ITE3 (d) %4

G307 G R BE AR I, TE 8 A2 SR MR R B B R AT A DA
[ ke R o HB R W2 T HAL <A, A
(S e N E U Y 5 Wl T G P8 -

T AT R & A XA, L NO, Bl it AL
Do AE 300°C Bt 3T, B TR AR BE NO, B
1 AR TIOR3 7 Bl MR g D8 (1 XoF 1 ¥k 2 4k, NO,
AR AT D R, AEAH EL AR 1 A DA (R B B 2D
Ti% 2 WERAKFT SOOTFﬁ%EEﬁi“JJDi%‘,W
REJE B T iR be 7 A= 1 #4078 NO 7

SO, B th & A — A%Emﬁaﬁﬁﬂw%ﬁ
KA IR B B BB Ao BRI IR R X ) 48 9, I
2 NRBERT B H1 T RS AT S A A R AR,
iy £ 47 7E — 7 30 1Bl 1 0 sh 1k

Br77 % 3 IR ZE K40, HCL Bt k394 2 4
W0 A A . 7E 300°C 4 % 43 Jil NI e 1) Isf 4 T 1
S5 1 AN IEAA X — B B HC B A i B2 X J] B 2K
T2 AR E R ], WS 2 R KT
500°C J5 A4 B @ (3 i ka5, vl RE i T & S LY &
R SO 1 TR

25 I, 5T TG/DSC — IR — MS Bk F 47 R & i A
FLBIF 5 S FT 30 2 R o8 AR o R AR HE R L AT
Shy T SRR P45 A TR e R R T R AR L D i
L b B S 4

3 &£

(1) JSRAS AT A U5 5 2R A M) A Kad v
FoE A 1 o 2 9 CO, nl R AR B i 72 CO,
X T A R R HE R A AR Y



200 & ol HLOM ¥ R 20144

0.6 044
e 2 g’ 2
3 S0 = 6 i 04
= 8 il =
=t 5 = =l
o6 T 048 o4 T, 040
4 = e =
S % 0.44 S o & 038
O 2 > © z
040 . 036 5
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000
W/ i /C W e i /C
X 038 6.5 038
<
: = <60 S
. 0.6 = 2 0.6
= 5 53 =
' i 5.0 i
. —zﬁ 04 ® is w04
. o 5 4. Q
5.0 “ 02 . : . 2 4.0 2
0 200 400 600 800 1000 0 200 400 600 800 1000 "0 200 400 600 800 1000 02 00 400 600 800 1000
R/ C R /C % /C O
(@) (b)
12
< < 056 10 0.60
=10 = S8 E
=g 2 052 e = 0%
& & = 6 =
o 6 048 4 & 052
w4 B g 4 P
o s 044 o % 048
o 2 S © 2 o
Z Q Z.
040 044
0 200 400 600 800 1000 0200 400 600 800 1000 0 200 400 600 800 1000 70 200 400 600 800 1000
ELRE i /°C SELRE O g C
80 0.8
£7s Ei s
7.0 =06 B 06
Ho6s =
U Jund T
b 6.0 w04 % 04
@] < < 0.
z 55 2 o
5.0 02 45 S “ 02
0200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
¥ i g /C I C
(©) (d)

P4 Il SRS FF R R a0 M R i i R I L A b £k

Fig.4 Intensity curves of gases released during rape straw burning

(a) THEL (b) 2 () HEI (d) FE4

SR G WGV R S SRR R A D . B VR SRR TSR RS AT B S B AR R AR HE R .
T AL, S0, NO, 5 Qe SR HER R D SRS AT SRRSFPRE R IERR BB BE AT B R R, F A
AR S FA P AR v sk R T Ak A FE 2B 9 5 ROk FER =N CO, LA K4 b & NO, SO, \HCl S8 44, 7
(2) BEREFEATF R ACE PR A B A AR UGE IR, SR 7= 9 3 2R X 0] % o T 4% &
EEZS B2 0.9 mm AP MR 50 mL/min F Zr DA GE SRR B . AR S S BRI S IR
LA IR R AR B H PRI A BA —BUWRT N ER
(3)TG/DSC — IR — MS Bt F $7 R nl 45 %€ A5

£ % X W

B 5% R = B 2 REIRT ST . i B B B 26 7 e P 5 R e —— B W g [ M ] Ab st MUBKE ol s AR 41,2013,
XS 7, AL, R, . A (R UAC R S it S G A P T U A e LT ). IR A R4, 2010 (17) 252 - 53,
Deng Lichao, Xue Canhui. Xiong Liya, et al. The comparative study on yield of rape straw and NPK contents in rape straw in
different harvest time[ J]. Hunan Agricultural Science, 2010 (17): 52 —53. (in Chinese)

ERgitm. mEg i EE M ] Jb gt E gt b ik, 2012,

ETE,mAW, EVE, % PERBFRESEMGEIT]. &I TESHHK,2009,25(12) :211 -217.

Bi Yuyun, Gao Chunyu, Wang Yajing, et al. Estimation of straw resources in China[ J]. Transactions of the CSAE, 2009,
25(12): 211 =217. (in Chinese)

FEPA U | B 58, AT /MG 55 ERFE AR BRI S IR 0 M [T]. Mol R4 1R ,2008,24 (1) :21 - 23.

Tian Songfeng, Xue Hailiang, Fu Xiaoqing, et al. Combustion characteristics experimental analysis of cornstalk[ J]. Power System
Engineering, 2008, 24(1): 21 —23. (in Chinese)

Wang C, Wu Y, Liu Q, et al. Analysis of the behaviour of pollutant gas emissions during wheat straw/coal cofiring by TG — FTIR



) HRRAR A SRS AT R R A S H B M) ) R AT M 201

10
11

12

14

15

16

[J]. Fuel Processing Technology, 2011, 92(5): 1037 - 1041.
XETT, EH, UK, 55 FORFEAT BOs BRI BE 3l 1 2% 50 i [T]. A0 LAR 2% 4% ,2011,27(9) = 287 -292.
Liu Shengyong, Wang Yanling, Bai Bing, et al. Analysis on combustion kinetics of corn stalk briquetting densification fuel [ J].
Transactions of the CSAE, 2011, 27(9) . 287 —292. (in Chinese)
FIAL, BEIEAL. AR B R FR RO e 3 122 [ 1] Al A2 2% 42 ,2013,29(10) ;203 - 212.
Tian Hong, Liao Zhengzhu. Combustion characteristics and combustion kinetics of agriculture biomass[J]. Transactions of the
CSAE, 2013, 29(10) : 203 —212. (in Chinese)
XUEGZ . AR RFS AR PRt i g P 5 [ 1] /K JE R ,2010(4) ;30 - 32.
RO E AR, SEVE S AR BURBE R BRI M. dba . R A 2013,
RFZr  H R AGER, % LR AW BN TG — DTG 4387 M H MR B i S Rt o [ T]. 7T AR 6B ¥R, 2008 ,26 (4) :56 -
61.
Liang Aiyun, Hui Shien, Xu Tongmo, et al. TG — DTG analysis and combustion kinetics character istic study on several kinds of
biomass [ J]. Renewable Energy, 2008,26(4): 56 —61. (in Chinese)
J5l). SR A Wy B AR RO S [ D ] db st JE RUAgE ks, 2011
Fang Xiang. Study on the combustion characteristics of typical biomass samples[ D]. Beijing:Beijing Jiaotong University, 2011.
(in Chinese)
WAL, BB, 2, 15 RS AT AT AR B AAROR R B AR (T ] P E R AL L AR 24 ,2012,32(17) 1110 - 116.
Ge Shifu, Zhao Peitao, Li Yang, et al. Combustion characteristics of sewage sludge — straw derived fuel[ J]. Proceedings of the
CSEE, 2012, 32(17): 110 -116. (in Chinese)
AIWERE RO, £ AR 5. ROV FFA PR e R s J1 2 0 A [T ], AR PR B R E 24 4R B AR B2 4, 2012,40 (1) 1128
132.
Si Yaohui, Chen Hanping, Wang Xianhua, et al. Combustion characteristics and kinetic analysis of agricultural straw[ J]. Journal
of Huazhong University of Science and Technology : Nature Science Edition, 2012, 40(1): 128 —=132. (in Chinese)
REIF,Ih (5. B TG — DTG — DSC RFFE A= Wy B i R Be e M [ I ] AR rh R B R 2% 40 - B AR B2 2, 2007,35(3) : 126 -
128.
Xu Zhaofen, Sun Xuexin. Combustion characteristic of biomass by using TG — DTG — DSC thermoanalysis [ J ]. Journal of
Huazhong University of Science and Technology : Nature Science Edition, 2007, 35(3) : 126 - 128. (in Chinese)
SCIRE, S A TR R Bl B CL AT AR S (] REUR LR ,2013(4) .29 - 33 ,42.
Wen Lianhe, Wu Peng. Discipline of chlorine release during biomass pyrolysis and combustion [ J]. Energy Engineering,

2013(4):29 —33, 42. (in Chinese)

Quantitative Characterization of Rape Straw Combustion and
Gas Emissions Using TG/DSC — FTIR — MS Technology

Ma Qiulin Han Lujia Huang Guangqun
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract. This paper took rape straw as the research object. Based on the TG/DSC — FTIR — MS
technology, the dynamic characteristics of combustion were studied systematically with different air flow
rates and sample particle sizes. And the qualitative and quantitative characterization analysis of main gas
emissions was conducted. The results showed that there was no significant difference on combustion
characteristics under different factor — levels. During each burning process, most gas escaped, including
a larger amount of CO, and a smaller amount of alkane gases such as NO_, SO, and HCl with a
diminishing magnitude. Also intensity curves of gases released corresponded to the characteristics of
thermal weight loss rate. Quantitative study on the dynamic characteristics of combustion and gas
emissions using TG/DSC — FTIR — MS technology could provide basic data and methodological support for
the rape straw as environmentally friendly renewable energy.

Key words: Rape straw Combustion characteristics Gas emissions TG/DSC — FTIR — MS technology



