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Abstract: Rapidly growth of organic solid waste (OSW) has caused serious social and environmental issues. Co-
combustion is an economical and environmental method to treat OSW. However, there will be a variety of heavy
metals discharged with flue gas during combustion as OSW contains them. Therefore, this study conducted an
experiment on the migration of heavy metals and generation of micro particles during the co-combustion of OSW
and lignite. The results show that, the release of heavy metals during combustion not only depends on the
concentration of heavy metal the fuel contains, but also on the chemical mechanism at high temperature. The content
of Pb, Cd and As in the flue gas of blending fuel is obviously lower than that of sole OSW, but Cu, Zn, Co and Mn
shows opposite tendency. In addition, the particle size distribution of the four fuels all shows a normal distribution
at 800 C and 850 °C, but large particle size generates when the combustion temperature rises to 900 C.
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Fig.1 Schematic diagram of the experimental system
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Fig.2 Composition ratio of typical fuel and checked fuel
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Tab.1 Industrial analysis, elemental analysis and low calorific value of OSW

g LAk g3 Hr wi% TER T W% AR A7 25 $: Qnetarl
FC \Y; A Mt c H o] N S cl (MIkg™)
HiAw 1125 8792  0.83 5.82 4773 700 4387 043 014  0.160 14.78
et 673 9325  0.02 3.18 7982 1113 864 036 003  0.630 27.12
EVA 336 7475 2189  0.09 60.03  9.37 831 039 001 0017 26,59
T4 390 9384 226 0.64 69.06 727 1637 503 001  0.110 27.46
ROk 769 8194 1037  1.07 5803 583 2213 363 001  0.018 2247
BRI 896 9097  0.07 0.74 60.07 524 3415 046 001  0.190 17.84
ik 1489 8380 131  36.39 4663 567 4558 077 004 0025 10.28
Aokl 1901 7904 195 1058 4936 595 3981 292 001  0.069 15.66
PVC 640 6171 3189 062 3703 322 2781 004 001 17.670 12.29
Tk gm 6261 927 2812 2281 68.15  1.24 020 038 191  0.490 17.26
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Tab.2 Industrial analysis and elemental analysis of OSW fuel and Indonesian coal
e Tk 5B wi% JLE AT Wi% AR %5 3 Qnetwad
" FC v A Mt c ) N s cl (MJkg?)
TS 8.07 88.84  3.09 354 7132 922 1516 115 006 0500 24.84
AL 10.08 8457 535 415 69.64 864 1516 107 013 1280 2398
B B S 5020 4171 809 2361 6723 498 1721 118 131  0.021 19.03
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Tab.3 Mass fractions of heavy metal elements in raw materials

HE)E kil %as EVA 4 it TR LI Tk Ak} RE LM FAE R
Ti 0.00165  0.0300  0.336 00 0.101 00 0.022 05
Fe 0.00691  0.00630 0.02020 0.00859  0.006 66 0.005 63 0.00499  0.026 40 0.012 50 0.196 00
Cu 0.02160  0.00518 0.026 90 0.018 70
Zn 0.165 00 0.003 00 0.009 84 1.890 00
Ba 0.109 00 0.012 50 0.045 20
Mn 0.008 75
Pb 0.011 80
Br 0.041 50
Sr 0.005 51
Co 0.011 60
As 0.026 90
Pd 0.047 00
Sn 0.010 30
cd 0.052 10
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Fig.4 Heavy metal mass concentrations in flue gas at 900 C

ERJERES B e SLRIRRL . RAZIREL R G A
BELFVRABREL 2) S+ Pb. Cd. As JCERINE
W RE B AR T SRR R AL R S . RAZ IR
B E S8 u R Cd i Sk AL L ARk &, 185
T 0.23mg/m2, HEMIZE 800~850 ‘C 451 Cd EE LA
CACl(g) o :AFAE, SCHR[20-21] 15 B8 4518 .
As 1E 2 FREIREHIARE ™ A R it B LR
I, TSR BRI IR AZ MRRL B R SRR TR A <
1 As Ji B EFR RS, (HACN 0.037 mg/mé i
0.035 mg/m3. LAY, JHAEEE Y 300~1 300 K, K
5y As LLERSETEAS Cag(AsOq)A71E . 4 JE 05 Sn
RAE 2 PR S BREHIR B AR B, o & B 4y
579045, 041 mg/m3; MR H & )& TR Sr R AR
RURBL AR AZ R 7= AL MRS R A7 A, (H)i
WREERAR, 44 0.006. 0.005 mg/m?.

2 FREMAEIH ESJE LR Sn JREWREILT
SR PRORLANR SR, TSR R AZ SRR 4
JEILER Sr EIRELELT 2 MRA KL, (HHA
A . B 4 8 o7 B FE AR e o X U B BRRIE A e ik
T & b E 4 )RR A B B TR A £ 1) Joi
KRR, i HA SRR R A S AL % D) A
Ko BB S 5 Cl FIEWRE W REEHF R —.

P

http://rlfd.cbpt.cnki.net

SLFIPBRRL IR R IRELH CI S IR FEA X e g, 2 Ff
RA BRI S SRR E WA R, (H S JLRE
SR N2 G AR N RS, MR
EMRRIE AR, Cl GRS SEESE KA R, ¥
R 5 TR NESREANY), E&EmRhE
& @ SR M7, R 4 S ) DU R
A KBS IE . EEEITE Sn Al
REESTH Cl tR®EGHERES BT HE
WA, MESBTE ST B5Y5 S TRESTH
HE B 7o, P ERENE Cu. Zn,
Co. Mn4 MESEFTER, MA1FEEELE LK.
B 5 JB/R T AFIBEREIE T ¥k Cu Jli& 4y
o HE S AL SRV BRBL AR AZ REHR e T )
®KH Cu iEAEE A, HHX—IEIEABER
BRI 1 AR AR AL, EE 27 900 C N S AL RHE
BRI KR 48 Cu Ji &%k 30.17 mg/g:
BERAGEIR B 3, 2 FRA AR €k Cu I E 4R
2 ETHEA, 900 C MBS AR L RV A #RE 2 TE AL
[ ¥k )8 Cu I Er s E] T 12.74 mg/g
A1 11.74 mg/g. SCHER[23]AF 7t 2R R AE 900 “CRERE
I Cu IR R R R I, BRI Cu 5 R
Z RIS 60%. HIEFR TR EEEBEH R Cl &
A%, WEBR R CL & &R, 2Tk E
CuCI(g)FH2>&: CusCla(g) <UAH 4, ‘BT 2 M =y
&, MAEARSZIEH Cu N KSR, ERK
W AR 175 KISHE, Cu 73 5l LA ) EK CuFe204(c)
[ RAEAE T BR BB R A T . R 4h, #7545
EFE H 900 C LA RN, Cu 78 & B8 4 R Sk
FE e 8, a5 R IE 5 B T R
CuO-Al,03(s)» CuO=Fe;03(s)F1 CuO+CuSO4(s)%E3E
FERMEYRATAE, 6 T Cu B3R

351
O e 75 4

=~ 30F \:”i - Futwt T -
. _ C#EEh
£ 25y O & #42
g —
(‘:l 20f
]
g 15
':‘
=
£ 10f
25k ‘

0

v 830 900
REC

Bl 5 RREPRKRE T ¥IKH Cu RES K
Fig.5 Heavy metal mass concentrations of Cu in fly ash at
different combustion temperatures
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Fig.6 Heavy metal mass concentrations of Zn in fly ash at
different combustion temperatures
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Fig.7 Heavy metal mass concentrations of Co in fly ash at
different combustion temperatures
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Fig.8 Heavy metal mass concentrations of Mn in fly ash at
different combustion temperatures

32 IS RIRS R

9 4 800 'C NI kifE 4. M 9 FTLLE
th: 800 C'F 4 FRRIEIAS 1) K o3 Rift 2RI IEA 5y
i, SRR AL R FE T BRI 2K 3 KA 43 i)
IYARTE 955~1720 nm. 710~1490nm, JfH. 2 Fhk




190 kAL R

2024 4F

Iy HIRLAR 2 SIZE 1 280 1 105 nm Pt ik 1) % H )
BROKEEH; TREHAEL 1 1E 800 'C K 73 Kidt 7 Afivu
FITE K, KWAAREETEEZN 1035 nm, {HIRAH
BE2 K5 RTRLAR 43 A0 SR AR v, RIORL K /NI ],
FEAEFAE 820~1 105 nm, KA VU RN 2
280 nm.,

AR 7 Bu%

10° 10° 10
MK 43 Ki 45 /nm
B9 800 CTRMBBIKSBIRIZN
Fig.9 Particle size distribution of ash formed at 800 C
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Fig.10 Particle size distribution of ash formed at 850 'C
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Fig.11 Particle size distribution of ash formed at 900 ‘C

4%t i

AN IS S = NIRRT T OSW AR
TRGEt FE TR KR I RAR oA e A R R, XFE T
OSW Hudtihipe K OSW FIHE VR et 4 58 4 Jm i /% %
KIRPRL AR, R EARI LU 458.

1) ERJERESY 45 oe SLRUMRAL . BEAZ IR RIS
P24 Phy Cdy As TG 1 2 B AR T S ARk
FRAZIAEHH S =AM ES B TR E &,

2) PRBHERAR R b & T B < J8 A RE BN .
B T REL AR S B EWEE, 185 sl EA e
SRR VMG, HeJ@oua Sn AlReE 5 15 Cl
LRGN ES BRIy B M, mES
J&ItE Sr 55 S RS AR EL B .
&K Cu. Zn. Co. Mn RESHEYEE.

3) 800. 850 C'~ 4 FBRRIEI1F K 73 [P RLAE 53
¥ R I A ST =] 900 Ca,
B T P A ANRLAR IR 54, I ] RS PR AR R RLAR Y
IR BRI o

(& % X #k]
[1] GUO H N, WU S B, TIAN Y J, et al. Application of
machine learning methods for the prediction of organic
solid waste treatment and recycling processes: A
review[J]. Bioresource Technology, 2021, 319: 124114.
(2] RIEZE, A, B AN E 4R 554k PR ) 2
JE[3]. PREiRE S B, 1993(2): 5.
SONG Guoying, ZHU Jingbo. Progress of municipal solid
waste treatment technology in foreign countries[J].
Environmental Science and Management, 1993(2): 5.
[3] LECKNER B, LIND F. Combustion of municipal solid




52 3

FATC & AL RS B 5 g Jm SRR A R R T T 191

waste in fluidized bed or on grate-A comparison[J]. Waste
Management, 2020,109(Part A): 94-108.

[4] DASKALOPOULOS E, BADR O, PROBERT S D.
Economic and environmental evaluations of waste
treatment and disposal technologies for municipal solid
waste[J]. Applied Energy, 1997, 58(4): 209-255.

[5] SUKSANKRAISORN K, PATUMSAWAD S,
VALLIKUL P, et al. Co-combustion of municipal solid
waste and Thai lignite in a fluidized bed[J]. Energy
Conversion and Management, 2004, 45(6): 947-962.

[6] LIUH, WANG Y, ZHAO S, et al. Review on the current
status of the co-combustion technology of organic solid
waste (osw) and coal in china[J]. Energy & Fuels, 2020,
34(12): 15448-15487.

(71 x%8, xlgeis, Bre, &6 JUM S LE R 5 aeitshe

HISEE R fh CHERE, 2022, 41(1): 10.
LIU He, LIU Jianzhong, CHEN Jian, et al. Slag formation
characteristics of several typical solid wastes mixed with
Shenhua coal [J]. Progress in Chemical Industry, 2022,
41(1): 10.

(81 JEwF. vH A M b B 3T A% L T 5 A I R 28 FA O 9

[D]. B M RHE R, 2017: 1.
TANG Shi. Study on the transfer of sodium in Jundong
coal and melting characteristics of blended coal ash[D].
Wuhan: Huazhong University of Science and Technology,
2017: 1.

(9] EARM, BE, Eif, 55 CaO & BN K IGRNR

PERISZIR[I]. BRRME 524K, 2017, 45(9): 10.
WANG Dongxu, QI Chao, WANG Yang, et al. Effect of
CaO content on melting characteristics of high sodium
coal ash [J]. Journal of Fuel Chemistry and Technology,
2017, 45(9): 10.

[10] BZE, 1RYIE, 2. BT 40 500 B AR o il A Ak 5

Wa B RIE FE (0], b RE R OR 2 2 A (H SRR Ri), 20083,
31(4): 4.
MAO Jun, XU Minghou, LI Fan. Study on effect of
alkaline minerals on melting characteristics of coal ash [J].
Journal of Huazhong University of Science and
Technology (Natural Science Edition), 2003, 31(4): 4.

[10] U8, RIS, 870, 55 m U i b SRR

FAERRFIE ] AR 5 HOR, 2020, 26(4): 8.
NING Jian, XU Shunta, JIN Hu, et al. Release and
migration characteristics of chlorine during high chlorine
coal combustion[J]. Combustion Science and Technology,
2019, 26(4): 8.

[12] VINCENT, R., GRAY. Prediction of ash fusion
temperature from ash composition for some New Zealand
coals[J]. Fuel, 1987, 66(9): 1230-1239.

[13] WANG Q, ZHANG L, SATO A, et al. Mineral interactions

http://rlfd.cbpt.cnki.net

and their impacts on the reduction of PM10 emissions
during co-combustion of coal with sewage sludge[J].
Proceedings of the Combustion Institute, 2009, 32(2):
2701-2708.

[14] ZHANG L, NINOMIYAY. Transformation of phosphorus
during combustion of coal and sewage sludge and its
contributions to PM1o[J]. Proceedings of the Combustion
Institute, 2007, 31(2): 2847-2854.

[15] WOLSKI N, MAIER J, HEIN K R G. Fine particle
formation from co-combustion of sewage sludge and
bituminous coal[J]. Fuel Processing Technology, 2004,
85(6/7): 673-686.

[16] NINOMIYA Y, ZHANG L, SAKANO T, et al
Transformation of mineral and emission of particulate
matters during co-combustion of coal with sewage
sludge[J]. Fuel, 2004, 83(6): 751-764.

[17] YAO J, LIW B, KONG Q N, et al. Content, mobility and
transfer behavior of heavy metals in MSWI bottom ash in
Zhejiang Province, China[J]. Fuel, 2010, 89(3): 616-622.

[18] XU Q, XIANG J, KO J H. Municipal plastic recycling at
two areas in China and heavy metal leachability of plastic
in municipal solid waste[J]. Environmental Pollution,
2020, 260: 114074.

[19] #5EWE, 1wk, B B3, 5. R ETEREH(RDF) £
AREFERF[]. P58 LA T2, 2001(2): 79-81.

CHU Lianging, XU Changfa, YANG Wkeiying, et al.
Refuse solid fuel (RDF) technology and its application[J].
Environmental Health Engineering, 2001(2): 79-81.

[20] ABRAMOV S, HE J, WIMMER D, et al. Heavy metal
mobility and valuable contents of processed municipal
solid waste incineration residues from southwestern
germany[J]. Waste Management, 2018, 79: 735-743.

[21] SZRUM L, FRANDSEN F J, HUSTAD J E. On the fate
of heavy metals in municipal solid waste combustion.
Part I1. from furnace to filter[J]. Fuel, 2004, 83(11/12):
1703-1710.

[22] VOGG H, BRAUN H, METZGER M, et al. The specific
role of cadmium and mercury in municipal solid waste
incineration[J]. Waste Management & Research, 1986,
4(1): 65-73.

[23] MILLER B B, KANDIYOTI R, DUGWELL D R. Trace
element emissions from co-combustion of secondary fuels
with coal: a comparison of bench-scale experimental data
with predictions of a thermodynamic equilibrium
model[J]. Energy & Fuels, 2002, 16(4): 956-963.

(DUESE HEE)




