%%ﬂ%‘— —'=J ﬁ* 2024,30(6) : 580-589

Journal of Combustion Science and Technology DOI 10.11715/rskxjs.R202401001

PR S INEFEFT B i i AR B U TR i 1 SR TR BT 5%

% A, EXEL B B, Tk%, EE4E°
(1. FiEREEGERERITFRBEARITAR, i 200240;
2. WAl R 1 TR A [ R S0 s, Ve 710049)

B B W AESIE BT TR G AR S R I AP RME S RO R, I X R
SRR BURFFAEEAT TIRA Y. SEIREREN] . H/NERSAHBIR ILIRT 5000, 38 h/NAREFTHEBIR He il T R
fIE KOGV, SRR T/ NS FTHBIR LIS 5090, HA AR L ARRS AT IR L 7]
AEREET R, KA BT, Kb YRR S INE 2, WH—1 Sio, N EFAENLL Si, Al
Mg, K SR8 . SIS RBIR LLE], FEf RS EA TR, SRR S b S R B, K
FEHHCRIURL T 5 LB, RAMR IR, Fe. Ca. Mg LR (5 HHIR BFF, T WS EL Si0, Jy 2 i
ARN LA Fe O3 RS ZRIBRER A T, Bt ALY) HL A BT Tt 5.

KEEIE: SHIEFY; MEHE; ABRREE; BURERE
HESHES: TK6 XHEfFRERS: A XEHRS: 1006-8740(2024) 06-0580-10

Co-Combustion and Ash Formation Characteristics of Coal,
Wheat Straw and Sludge

Zhang Tao' , Yuan Tianlinz, Yang Kun' , Wang Chang’an2 , Che Defu?
(1. Shanghai Power Equipment Research Institute Co., Ltd., Shanghai 200240, China;
2. State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In this paper, thermogravimetric analysis was used to study the variation of characteristic parameters
of bituminous coal blended with different carbon-containing wastes. Meanwhile, the ash formation characteristics
of blended fuels were experimentally studied. The results show that the combustion characteristics of bituminous
coal can be improved and the ignition and burnout temperature can be reduced by appropriately increasing the
blending ratio of wheat straw. When the blending ratio increases beyond 50%, the burnout temperature of blended
fuels increases significantly compared with that of the low straw blending ratio, and the melting point also in-
creases. The minerals in the ash becomes more complex, evolving from being primarily composed of SiO, to being
dominated by oxides of Si, Al, Mg, K and others. Increasing the blending ratio of sludge leads to a higher water
content in the sample and reduced burnout temperature and combustion reactivity index. The lump particles in the
ash sample of high sludge proportion are more easily observed, and the agglomeration phenomenon is obvious.
The contents of Fe, Ca and Mg elements increase significantly when the sludge increases in the blended fuels,

which means that the proportion of basic oxides increases, and that the main mineral changes from SiO, to Fe,0;

and complex iron salts.
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Tab.1 Proximate and ultimate analyses of samples

Fed Tolkarbr U5k 43450 /% JEE T U5 5340 /%
K5y KAy RSy [#] 5 Bk Wc wy Wwo WN Ws
JHHE 9.20 21.86 26.32 42.62 54.22 3.30 9.80 1.00 0.63
INFERERT 8.90 7.55 36.05 47.40 39.98 4.79 38.16 0.46 0.15
k5 e 61.00 24.54 14.23 0.23 97.20 1.13 3.49 0.61 2.03
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Tab.2 Combustion characteristics of mixed samples of wheat straw and bituminous coal in O,/N, atmosphere

FE T/C | T/C Tpsc/C (dm/df) mean/ (% + min™) R/10™ S/107

SR 372 937 896 2.59 1.03 0.72

10% /NZZAEFT + 90% AR 269 766 723 2.98 1.23 2.39
20% /NEFERT + 80% AR 245 752 708 3.03 1.08 2.78
30% /NZEFERT + 70% HRIE 239 743 699 3.07 1.00 2.87
40% /NZZREFT + 60% AR 232 734 689 3.15 0.90 4.04
50% /INEFEFT + 50% MRS 229 832 748 2.69 0.76 3.86
INFERERT 212 662 630 3.91 237 16.17
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Tab.3 Combustion characteristics of sludge samples with different mixing ratios

FEah Ty°C T/C Tpsc/C (dm/de) mean/ (% + min™") RY10™ S/107

AR 372 937 896 2.59 1.03 0.72

10% T5U8 + 90% A 346 716 670 3.56 1.30 2.02

20% 157 + 80% A 347 706 661 3.35 1.24 1.94

30% 1576 + 70% HAAE 350 684 637 3.18 1.08 2.45

40% 157 + 60% HHAE 349 664 615 2.98 0.84 1.78

50% 578 + 50% KR 361 646 591 2.53 0.12 3.12

10% 757 + 10%/NEFEFF + 80% AL 267 710 568 3.11 1.24 2.80
15 242 292 402 1.24 4.60 11.25
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Fig.8 Characteristic temperature curve with sludge
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Tab.4 Ash component of coal, wheat straw and sludge

P TR INZEREFT i V5 U8
55U % 5% SE0%
ALO; 52.200 5.770 26.900
SiO, 41.800 69.300 18.800
SO; 1.090 1.190 4970
CaO 1.690 2.110 4.560
MgO 1.400 5.810 3.860
Fe,0; 0.788 0.477 21.600
TiO, 0.521 0.052 0.960
K,O 0.399 8.530 0.250
Sr0 0.051 0.008 0.008
710, 0.029 0.002 0.002
MnO 0.009 0.072 0.077
Cr,0; 0.009 2.040 0.013
Zn0O 0.005 0.014 0.028
CuO 0.003 0.003 0.011
NiO 0.002 0.009 0.004
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Fig.10 The morphology and yield of ash sample under
different blending ratio of wheat straw
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Fig.11 XRD analysis of ash samples at different blending
ratio of wheat straw
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Fig.13 Changes of other oxides under different blending
ratios of wheat straw
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Fig.15 Morphology and yield of ash sample under differ-
ent sludge blending ratios
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Fig.16 XRD analysis of ash sample under different sludge
blending ratios
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Tab.5 Analysis of the proportion of main elements in blended ash samples at different blending ratios %
IR BIE /% Si Al Ca S Fe Mg Ti K
0 45.10 44.80 3.59 1.24 1.77 1.20 0.972 0.970
20 37.22 41.49 3.78 1.15 8.11 1.10 0.973 0.886
50 40.10 34.50 3.82 1.35 10.00 1.10 0.920 0.552
100 15.20 22.40 6.14 4.11 29.80 3.20 1.150 0.401
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The micro-morphology of the ash sample

Fig. 17
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Fig.18 The micro-morphology of EDS measuring point of
blended ash sample with equal proportion
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Tab.6 Ultimate analysis at EDS measuring points
okt WS CER BT 5350 %
C (6] Na Mg Al Si P S K Ca Ti Fe Cu
S5 LUBI/ NAAEFT + JAE 29.01 | 51.30 | 0.13 | 032 | 3.64 | 11.59 | 021 | — | 1.65 | 1.15 | 0.16 | 0.82 | 0.03
S5 LUBIS U8 + SR 17.60 | 54.08 | 1.12 | 027 | 5.8 | 4.02 | 051 | 051 | 0.11 | 1.54 | 036 | 13.98 | 0.03
[J]. Journal of Combustion Science and Technology,
4 4 i 2020, 26(6) : 588-596 (in Chinese).
(2] @58, kTE, o F, % EYFAR B R
ARSI T RIS G /N R 515 TE AR ELRRFEE AT 0], kel 5HOR, 2016, 22(2) -
FE, RUT T ISR &/ N RS AT Ss e KR o S 8 173-178.
NI AT S L U & e o A = g 1l Hou Baoxin, Zhang Shouyu, Mao Qing, et al. Direct
(1) /N EFEFFRBIR L), R 5 g B g R combustion characteristics of biomass carbonized
T, FA AR, 25 KR SRR ERIL. 4524 forming fuellJ]. Journal of Combustion Science and
PRESEMEFEEL S N 239 % 107 425 % 3.86x 107, 18 Technology, 2016, 22(2): 173-178 (in Chinese).
LH S < 5 By TRbE RS R AT e T D) SRR, SRR, LR, G AUHBRGACH
. 28(3): 12-22.
FERFATI TR RS B | |
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status ot the agriculture and tforest biomass co-firing in
S [ B it AN TN =} YH pr E e vE
ﬁ;;ﬁigliBﬁ%if}%i%zi}?ﬁ%iggﬁﬁﬁg coal-fired power plants [J]. Clean Coal Technology,
P e TS /““: RN, EBERCL i/\ 2022, 28(3): 12-22(in Chinese).
RWISFEAT, I 1.30 x 107 F#(LE) 0.12x 10 7 (B2 [4] Li C, Suzuki K. Tar property, analysis, reforming
ok P g 4 3k 27 - 25
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-7
3.12x 10" overview [J]. Renewable & Sustainable Energy Reviews,
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MgO . Fe,05 (&AL R LB N, B/ NS 878-884, 897.
FFaT AR 5Bt R AR L 5 IR IG5, R AL Tang Zijun, Cen Chaoping, Fang Ping. Thermogra-
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