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Analysis on evaluation indicators of slagging in boilers co-firing
coal with biomass
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(School of Energy and Power Engineering, Shandong University, Jinan 250061, China)

Abstract: The power generation by co-firing of coal and biomass is the most economical and efficient technology
for existing coal-fired power plants to achieve CO2 emission reduction and large-scale efficient utilization of
biomass. However, due to the significant alkali metal content in biomass, serious issues such as ash deposits,
slagging, and corrosion arise during co-firing of coal and biomass, posing substantial threats to safe and
economically viable operation of boiler equipment. Comparative analysis on slagging characteristics of heating
surfaces in coal-fired boilers, biomass-fired boilers, and co-firing boilers of coal and biomass are conducted, with
their influencing factors investigated. The slagging characteristic evaluating indicators for boilers firing different
fuels and co-firing boilers are comprehensively discussed and evaluated. Furthermore, the applicability of these
slagging evaluation indicators in specific boiler equipment is assessed. A comprehensive analysis reveals that the
ash components in the fuel determine the physical and chemical properties of ash residues. The ash fusion
characteristics reflect the tendency and temperature of solid-liquid transformation of ash residues, whereas ash
viscosity relates to ash flowability and its propensity to deposit as slag on heating surfaces. A comprehensive
consideration of these aspects enables a more accurate evaluation of boiler heating surface slagging
characteristics.
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Fig.1 Biomass power generation output in China
from 2017 to 2023
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Fig.2 The coal and biomass co-firing technology routes
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Fig.3 Slagging on boiler heating surfaces

1.1 BRIESRAR B 1%
WAIE R AP A58 )2 T 20 IR TR =« R e] = A




4

B % RS FURR B A T IR bR T 53

AN ZRE, FIUETTRRZ HH K R R P 5 v B N BT
IR a2 R S AR YRR T R, AME
HARVENRPEDTRR T B RN B o () 58 i) i 3 B2 52
BT H R SRR ITSEINR N, IR
EER:S-AUIPSE IR NGy == /SIS SF (1) NI (iR 7N
iKW G K. GRS, (RS AR A
G & T DA 277 A G ) 0 R R S
B UK AR o PRS2 e 81 R i PRI R k™ S fie
W RETH S AR, RN IR VE DR 2 08 U 1 45
B, TR R R S 5 .

PRI S BRI 1 B YR 4 SiO..
Al,Os. CaO. Fe;03 5. XLl MR 1EmiE N2
T BREEIR 3 4L ikt ALLSiOs. CaSiOs, HiFft7EsZ
PN G R o JRE K 53 23 R B A R
FIRARREE, KA B B A 2 3 B I R
H, BEIRKIG s, SRR EEE . L S ReIE 5
T UHEARIEALE 20 MW Bib 2 A5 HE B o 19 25 v e
KU Al,Os. Feo03. SiOp S5 S A WITE i X 8 2K i
hE£E, 1 CaO. MgO. NaO. SO3 Il =F 2 HH7E
IR XS PTRR Y, AT IR A TAR 2 32 B AN
Bl 4 JB AR IR 3R VA B AE ¢ o 5 R R ORJE FL R BR
AT HE AP 2 KO NaO Al CaO Bl %4k

YRR, FEUERBEIIE WK, B 5.
Haibo %5 NPOREFUR I, HPAEMEAE & A% T
SiEEF N TET PR, X3 ERFINE
BAEMRBEAE N, RO CaCOs it A K K
WS KA KA, FRSEIKE R, 3
BRI SZ NS o N T Uk R RE R T 4 s Il
T EERHMABT ER . R T &
PR G4 it
1.2 YRR AP ST

AW EE TR Siv Cas Mg, K. Na. P.
Cl. Al. Fe fl Mn . 5L, AP B R F
HRAEVFN K. Na SRS 28 m. AEEDR
PR IR T EAR, SRR LS A
Ho YRR GRS BN S B S & TR s
Ky BT RN G R WER 1o A5
4RIt R KR gl i oS onR, K B3
| L IO 45 VR R 4 A (2], R BRI Ak R A
Sl A I T &5 T RO I A5 VE I OGRS
HAFTE KCI Fl SOz, SO, S Atk SOs, AEE
KCI A KoSOsq I KHSOs. M IEFEH SO,
HARRL SO MIRCRIAR, X R HRIR Eh A 1) 2 Z IR
B 2= R, Y AR SR SionER, [EAEYIIR

WRIpe I AE T R RR AN o A R R B AE H I 5R
&, AEREERIEZ L RAER, Na JoE A
BRI EE R SR KOARAL,  {EE R AR
Na & &=L T K.

Ca il Mg AR AE TR 5 IR M R IR G I R
X2 AR T 4 & A ) CaO Al MgO & S5HERR #h
S A REERRES (CaSiOs). —=HERRAS (CasSi07)
FIEEE RS (MgO Caz03Sio04) &5 5 AL &40,
Pem VMR s, R IPEEE . T Ca M
Mg & BB IR, Ak R i IR AT
PUESH S, ST KA Si RS mREAEY,
BRI B e L TR R R I E 850 C e B . Fe Al
Mn BEA ) LFAS 52 b FoAm A 5 AE B A FH A
AV AL B KR BTN KA g
+, AT DARR S SR AR ER S s RIS AL
BV BRARES A ] o

Wang %5 ATl i i & 4 s ier, 48 AP K
(T R 52 BBRAL S L2, KB 4 IR B S AL
WIAE S B PURR AT Ak OB R 2, BRI R 5 7E 2K
DU AR 5 s 32 S

1 £YRAM TR E TR
Tab.1 Effect of biomass composition elements on slagging

WA RITE X G 1
K. Na FEAR NS i, IE 5
Ca. Mg PREIIE S, R
Fe. Mn AL LT A5 H AR TR AR
Al KBS, L
Si AR

http://rlfd.cbpt.cnki.net

1.3 iRMRSmAP 4 EYFIE

TRIRER P S5 1) R B RIS B iR K, Bl
TR b 2 AR AL P R SO 1 B IR PR S, Bk
S BAE Y ORI 1) 3 B S R R 2. C
IS X451 45 BB . IR Eh 2 5 1 52 3 Ab
P, TS DCBURL R B 1 R R SR 3R, dE Rk
AR 520, KoSO4 b 75 fe it X SN AR ] F 56
£, KCI B AEARIR X o #ak i 54, IKIR I KCI
SAE KoSOu#% ik 4h . fEiRBRIEFEH, SHE K&K
A N A R KoSOs, KCI A2 lidiliZ, fE— e FE
FE Lgisb 1 4k, B SEBR I KoSO4 %5 5) 4 fif i SO,
7f Fe. Siv Al FIEHE R, Ca &5 SO, Wi
Ji& CaSOq, IEMIKMIFLETE. Ui SR REEE S
B, Sk FIRBRAL N, H A 2k S R
Bostrom 5 NPBHEH, K74k S n] 552 2R




54 kAE R

2025 4

BRI ) 38 XU R B SR DR R R o Ly 5 A 120
AFF 55 I R P2 T v 2 (R 3k A AORE () F FL JK L d
& JBFEIM SO, FkSs  JURHILR 2 B0k I 1L,
A FEURGHIEK.
TRIG 1) R I L S M B 5 VA ) S5 R
IR BRI s AR B SR A B N sk, S8R
WV o RN R (R A B 3 B A DR 101
KA IR B T o3 R M A . )
A EAL ) . SiO2. TiO, ZEmR 1 EAL Y &4 i K
55, KO Fll NagO Sl 1 2 A 420 W) 2 BRI AR 0 25
FHA (KAISI:06) S22 mi BRI B i . 18
1220 ‘CHf, KA (KAISisOg) £/ A JeAil (A
A, QBT AfMAafEmR NS5 Sio2 B
TR RIRILIE R, BT KRR R, (e
WL SR o ATAR WK S B2 57 A ) T R R IR A EE K
TR I Rl AR P %) S0 N R 3, I A A G 2K B Y
T, RAPARR T 2 RIE A R AR A .
KRS, FRAC T AN Rl R .
KAISisOs — KAISi206 + SiO2 1)
3 R (LB R L TE s 2- AR s
-t PE K FMEIED 1 3 Mg AP (4-FaFTs 5-
TRFEFT: 6-BkA) M T I R AR R W&
2 AR 3B, ik 2 nf L, K C. H FEAlE
TAWF, MO SR T MR, XEEEDRT
RAEMTE. EVRER>SREER T,
XEREE MRS, V)RR 5RO R
KAWL, X W) i AE A BRI 2 5 2K HR 4 i e
R, TERARKE SALEY), BN T 45T RetE.
£ 30, 3MAEYFRAKFH KO\ NazxO =il
T TR, WULEH T AR LT R G a5 . bk
KIAH TR RN F KR FEFT K& B 2 11 CaO,
DA] S AR J5 2 A i P 2 Y A ) A B At A= 4 o BE A

F2 BEEYRB TS HRFTERS T
Tab.2 Industrial analysis and elemental analysis of coal and
biomass

&3 RS EYRB I 5

Tab.3 Ash composition of coal and biomass
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Fig.4 Slagging indicators of the coal-fired boiler
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Tab.4 Evaluation indicators of slagging in coal-fired boiler
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