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Research on co-combustion behavior of sewage sludge and coal slime

WANG Biru, JIA Li, WANG Yanlin, CHENG Peng, GUO Jinrong, ZHANG Liu, JIN Yan
(College of Electrical and Power Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: The treatment of the large amount of coal slime and municipal sewage sludge in Shanxi Province and even the country is facing
unprecedented challenges. Clean combustion technology is the preferred method for sewage sludge-coal slime co-processing. In order to
explore the interaction of sludge - coal mud combustion, provide a basis for cleaning and efficient combustion utilization. This paper uses
thermal heavy mass spectral (TG-MS) to study the precipitation characteristics of combustion characteristics and pollutant gas products
(CH,, CO, CO,, NH;, HCN, NO, NO,, H,S, CH;SH, COS, SO,, CS,, SO;), in the combustion and coal burning process in sludge and coal
mud. At the same time, the Coats-Redfern Integral Law is used to dynamically explore the mid-combustion process of sludge and coal mud
alone. The results show that there is a significant interaction in the process of coal burning in sludge and coal mud. Sludge and coal mud
promote each other, improve the overall reaction performance, in which the combustion characteristics are optimal when the coal slime is
blended 20%. It indicates that the increase in sludge ratio does not affect the combustion performance of the fuel overall. The Em of sludge
and coal slime were 51.170 kJ/mol and 78.538 kJ/mol, sludge can reduce the average activation energy of the mixed sample, and the actu-
al Em of the mixed sample is lower than the calculation. The kinetic model is (D3—D4) when the sludge is alone; the combustion kinetic

model (F1) when the coal slime is separate, and the interval kinetic model of the mixed sample is (D3—D1—D3/F1), indicating interac-

Y78 B #3: 2022-03-20 EEHE: F/IW DOI: 10.13199/j.cnki.cst.2021-0940
E£WH: FZKA AR EE I H (U1910214); H ) RS0 E 5 5 5090 % TRET9E B H (SKLD21KM16)
TEZ B : 22 35(1998—), L, INVHIEI A, B LAF5E4E . E-mail: r15935563071@163.com

BIREE: & &(1963—), 2, dbat A, 242, 1-4E 200, fi+-. E-mail: jinyan@tyut.edu.cn

284


https://doi.org/10.13199/j.cnki.cst.2021-0940
mailto:r15935563071@163.com
mailto:jinyan@tyut.edu.cn

FRAAT  TSURABEIR ARG T ST

2023 455 5 1A

tion the reaction mechanism during the combustion can be changed. When the coal slime is blended 20%, the inhibition of the greenhouse
body (319.742%) is preferably inhibited; when the coal slime is blended 80%, the difference (636.492%) and the inhibitory inhibition con-

taining traditional (534.811%); indicating interaction is a great inhibitory effect on the traditional form of integrated varieties, in which the

inhibitory effect of the contaminant contaminated body content is most (319.740%) when the coal slime is blended 20%.

Key words: sewage sludge; coal slime; TG-MS; combustion characteristics; co-combusion; clean combusion
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Table 1 Proximate analysis and ultimate analysis of sludge and coal slime

) Tk #r/% TLER /%
i

My Ay Vaa FCy C H 0 N S
SS 2.44 47.33 47.44 4.04 26.18 3.94 17.09 4.22 1.24
cs 0.38 51.19 13.04 35.72 37.7 2.17 2.33 1.03 5.57




2023 4E45 5 ] % % A 2 H K 55 51%
x2 FRMEREKBS S
Table 2 Ash ingredient analysis of sludge and coal slime
o ISP E0%
i
Si0, AlLO; CaO Fe,0; K,O MgO P,Os
SS 20.85 6.60 8.48 29.99 3.25 3.66 16.29
CS 44.86 27.38 2.72 12.19 1.40 0 0.53
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Table 3 Reaction kinetic model and expression
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Table 4 Sample combustion characteristic index

G T/C T/C (da/dt) o/ (%-C1) (da/dt) e/ (% C7") S/(107* K >-min?)
SsS 221 522 0.51/0.22 7.08 1.86
SS80CS20 225 635 0.38/0.14 9.35 1.59
SS50CS50 365 659 0.18/0.31 9.32 0.75
SS20CS80 455 668 0.06/0.33 5.96 0.40
CS 494 707 ---/0.39 5.31 0.36
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Fig.3 Sulfur-containing gas release curves at SS and CS alone / mixed combustion
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Table 5 Gas generation amount and deviation D during combustion

RE ss cs SS80CS20 8S50CS50 8S20CS80
COERH/(107°Amg ™) 376.544 396.697 62.853 144.255 139.226
COME M H/(107°A-mg™) 121.529 575.178 77.150 127.728 105.512
CH/ER/(107°Amg ™) 3.159 4710 2.061 0.898 2.895

IRESAEA/10°A mg ™) 501.232 976.585 142.064 272.881 247.633

fi2D — — 319.742 170.781 255.976
SO,/EH/(107°Amg ™) 1.572 13.946 0.558 2.862 0.675
H,SAE /(107 °Amg ™) 0215 0.402 0371 0.094 0.110

CH,SHE /(107 °A'mg ) 1.343 6.869 1.177 0319 0.999
COSH: /(107 °A-mg ") 0.481 0.242 0.514 0.342 0.645
THRAARE/(107°A mg ) 3.611 21.459 2.620 3.617 2.429

fW2zD - — 174.069 246.558 636.492
NOE it /(107°A mg ™) 1.437 0.665 0.350 0.612 0.707
NH A /(107 °A-mg ™) 64.722 44.949 13.535 21.375 5.766
NOA: A H/(107'°A-mg™) 11.464 2722 2715 4.672 2.486
HCONAE i /(107°A mg™) 13.504 30.690 3.909 6.098 3.871

TAEARLRE/(107°A mg ) 91.127 79.026 20.509 32.757 12.830

fi2D — — 332.526 159.720 534.811

PR /(107 A mg ™) 595.970 1077.070 165.193 309.255 262.892
2D — — 319.740 168.831 268.961

R 6 HERIVRIRINNFSH

Table 6 Sample combustion dynamics parameters

B 7/°C i AR E/(kJ-mol ") A/min”' R E,/(kJ-mol )

145 ~ 350 D4 62.077 2339517 0.983 1

SS 51.170
350 ~ 530 D3 32.728 3381 0.990 1

cs 390 ~ 690 Fl 78.538 7510 838 0.9869 78.538
160 ~ 345 D3 66.835 5119610 0.9870

SS80CS20 345 ~ 465 D1 16.749 297 0.996 1 42.019
465 ~ 670 D3 22.936 237 0.985 1
160 ~ 345 D3 61.141 557301 0.985 8

SS50CS50 345 ~ 465 DI 18.324 191 0.987 1 51.032
465 ~ 670 D3 57.877 54020 0.9878
160 ~ 345 D3 47.871 4510 0.9809

$S20CS80 345 ~ 465 DI 23.165 109 0.9340 52223
465 ~ 670 F1 57.757 325329 0.9918

SS80CS20 Al SSS0CSS0 i 7 , Fi U2y ¢ 24 i ik AR [ 190 23 o e B e (AL DU, PSR

R, BB B LB /DN, PR AT oy = 45 Hid Ak FHIRIE 5 BRR L B/A . B EE G m(Si0,)/m(AL,05) PU

i, X} F SS20CS80 1M 7 , Z LAt T 7 2 A A FE bR TN 25 . Horb iRt B/A=[m(Ca)+

SGEAE, et B Ak 2R g A R ek s ) m(Fe,0;)+m(Na,0)+m(K,0)]/[m(SiO,)+m(AL,0;)+
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m(Ti0,)], it G=[m(Si0,)*100]/[m(SiO,z+m(Fe,05)+m
(CaO)+m(MgO)], FIHIbRIE S FEE R W2 7. ik 7

AR, ARG R A i B 235 i e JEE AR 5 O T
fE—ERREE b, S CS W] LAGE i N 46 .

*®71 EEREEWN
Table 7 Slag level prediction
R I .T,/C HR LB/ A TG m(Si0,)/m(ALO,) SRR
SS 1150 1.653 33.11 3.16 JEE
CS 1378 0.226 75.05 1.64 LRk
SS80CS20 1155 1.087 41.15 238 FEH
SS50CS50 1170 0.619 53.53 1.93 JEH
SS20CS80 1201 0.350 66.31 1.72 i
>1390 <0.206 >78.8 <1.87 2
FAIHE AR 1390 ~ 1260 0.206 ~ 0.4 78.8 ~ 66.1 1.87~2.65 rhisg
<1260 >0.4 <66.1 >2.65 JEE
3 % T BJ12Eo T 0], BB, 2016, 41(6): 1460-1466.

D VR A A B BRBe R 34 76 P 5 2 18], 7ETR IR
R, SS 5 CS HH BRI, $ S AR B B be R,
HA R ARE S SS80CS20 MR bed bttt . X KM
15 U6 LU R 388 0, AS 2 X R B IR 1 R o e 1 G
A

2) AHEAE FH R A A i ) SR A AT B A
HIFEH . 24 CS B 20% i SR 28 S AR 3 il R
HAF, 220 319.742%; 4 CS 2R 80% WX} & i<
PAE R AR PRI BT, 2253510 636.492%
1 534.811%.

3)SS F CS MIFREILRE £, 43514 51.170 kJ/mol
1 78.538 kJ/mol, JRBRIT SS AT LA R IR A FE S Y 5
PG AL RE, PrIRIVE AR AR a0 SEBR BT 175 1k
REMCTITA(E.

4) M EAE SRk bt B 0 ROV ALEE . SS
A be st R b i = 45D Bud 2 (D3—-D4) 7, CS
PP BRGE 1T TR B — b2 SO (F 1) #2361, TR G4
HHRT A B B B0 1 AR — 8 (D3—-D1), 755 =
[ Bt SS80CS20 Fil SS50CS50 H =4k ¥ Hadt £ %
(D3—D1—D3), ifii SS20CS80 H —Z b4 v 7
(D3—DI1—F1),
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