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Abstract

Biomass is a renewable and sustainable source of energy used to create electricity or pressurized steam.
In biomass-fueled power plants, wood waste or other waste is burned to produce steam that runs a turbine
to make electricity, or that provides heat to industries and homes. Biomass power plants, apart from producing
energy, help to reduce the CO, emission. However, the main problem is the high-temperature corrosion due
to fuel corrosivity, especially of the straw. This limits both the temperature of the steam and also the effec-
tiveness of the power plant. The corrosion in biomass-fueled plant was described.
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Table 1. Flue gas composition (volume %) in waste-, biomass-, and coal-fired boilers [2].

fuel 0, [%] CO, [%] H,0[%] SO, [ppm] HCI [ppm] KCHNaCl [ppm]

coal 4-5 12 4-16 400-1200 10-50 -
biomass 5-10 8-15 10-20 0-70 25-1000 5-50
waste 5-11 8-14 10-20 0-150 250-1300 <120

Table 2. Crystalline Deposits in waste-, biomass- and coal-fired boilers [2].

fuel-type

crystalline compounds

lignite coal

Si0,, KAISi;05, CaSO,, CaO, Fe,0s;, Ca,ALSiO;

wood pellets + straw pellets

KCI, KzSO4, SiOQ, KgNa(SO4)2

straw pellets

SiOz, KzSO4, KCI, CagMg(SIO4)2

straw pellets + bark pellets

Si02, (Na,K)AlSi30g, KzSO4, Ca5(PO4)3OH, CaMg(SlO3)2, Ca;Mg(SlO4)2

bark pellets + waste pellets

NaCl, KCl, CaSO,

household + industrial waste

NaCl, KCl, CaSO,

waste (unknown quality)

NaCl, KCI, CaSO,, SiO,

waste (unknown quality)

(K,Na)Cl, KzSO4, Nast4, (K,Na)2Ca2(SO4)3, CazMgSi207
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Fig. 1. Principal pathways of potassium, sulfur and
chlorine in a biomass boiler [3].

At A8 717 fEojAA A4

S AAZF AXETM(flue gas)oll Zol & kg
o AslES FEE8AA g o s vhso] 74
A =40 A F5EHT FEeH st FA4
< 3A F7HIH

2.3 1125 (combustion chamber, superheater &)

-2 F2lo] dojdt). Superheater= Crid

2 RHEolA Cr0; Hunuhs JAs=E AR
AL7t(flue gas)Hiol = K, Clo] Cr,0:E35.9]

Wy FEEHO|A WS35t chlorine-induced corro-

sion, alkali corrosion, molten salt corrosion 7| 7T&

Bo REIEE s,

O_u _1>" _O‘L &O



16 ol 5E /=383 49 (2016) 14-19

3.1 Mgz HZlo|EZ

BCC 39| #HetolEA Ad=7F2 71414 84
S FAE] S8l &9 Mn, Sie H7bsk=d, W
AFsHAd, creep rupture strength’b LHRA] 500°C o3k
oA &&= waterwall EE g AMEHET H
£ 570°C o oll-= FEHo| FeO/Fe;0,/Fe, 0,2
€ Absleke WAL, 570°Col st A= FeOZl &
Y3 Zth FeOE FexO T+2E 7H H|GEH
§]_f51—‘3 o]op\i Fe%o i_o/] ﬂlﬂ]—@-/\]-d:cﬂ. uuLg].H %
2AL ] AAAEE= wE Superheater FHEO
2 Fe-1Cr-0.5Mo, Fe-2.25Cr-1Mo &=°] 7F49| H]
WA A Hato] ARE-ET

3.2 Of=HIAlO|EZ

AWk o7 9-12%Cr A 7PAA L2AEHA
HAAEE o) Cro,Resyure PAsez 318
2ol £9m creep rupture strength= T}, 9-
12%Cr 7S 1100°C ©)40& 71E5H 9 2Eu}o)
E7} 53, YZHA] mlEEHA | ERE 7R, F
5 e ste] Qg ALFALEE FolFh

3.3 RAHLO|E AHQlgAZ

7ol 7ol vt 4%l Nig H7bste] FCCH
Z9] QAHUOlE S SHASIAAAM L2214
I} creep rupture strengths S ZIAIZITE AISI
304(Fe-18%Cr-8%Ni)7} 7Fg dutdo]ar, 2kshA] &
Holl = (Fe,Cr),0;, (Fe,Ni,Cr,Mo0);0, Z=AUo] F=&
R Rcl=g

34 Ni &2
FCC #ZX& 7HAH Hojd 71414 A3 W+
28-S 7HA wtolemfAst HIES ARE ARESH
v B AxFxAREE dE 2eolsd, 7H4
o] H]#tl INCONEL 625(Ni-22%Cr-9%Mo)7} Tl
FAolH, &%e] Al Nb, Ti 55 H7lketd 227k
g =k
4. HO|2OHA HAHUAM S| FAT|F
a4 22 559 2o & FAUF ¥sE
1 o 47FA] F2e=2 ERE

4.1 Chlorine-induced corrosion (21=7tA LHof|
U= GATtA0 2fFt F4A)

3 19 oJskd wlo]uj 2, H7|Edd= =k 25-

metal surface
temperature

_____ N S—
o f —— 600°C
molten sulffate 1 ,
corrosion 530°C
------ active oxidation: —1 500°C
(gaseous chloride attack) Superheater
(reaction of condensed tubes
chlorides with oxides) 450°C
-————-—--—-—-——-»—-—l- ---------------- -+’ 400°C J

molten chloride salt
corrosion (eutectic mixtures

of chlorides, e.g. ZnCl,-KCI 300°C
mixture (T,,= 260°C) T
Waterwall,

Screentubes

|

--------------------------------------------- 200°C

Fig. 2. Four kinds of corrosion occurring in boiler
tubes.
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Fig. 3. Chlorine-induced corrosion cycle [4,5].
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Fig. 4. Chlorine corrosion of Fe.
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Table 3. Melting points of compounds and low-melting mixtures in biomass- and waste-fired boilers.

Single compounds Melting point [°C] Salt mixtures Melting point [°C]
ZnCl, 283 KCI-ZnCl, 230
PbCl, 489 NaCl-ZnCl, 262
FeCl, 673 KCI-FeCl, 355
ZnSO, 730 NaCl-FeCl, 370
KCl 775 K,S0,-ZnS0O,-Na,SO, 388
NaCl 801 KCI-PbCl, 412
CrCl, 821 NaCl-PbCl, 415
Na,SO, 884 NaCl-CrCl, 437
NiCl, 1001 KCI-CrCl, 462
K,SO, 1076 KCI-NiCl, 508
CaSO, 1400 NaCl-NiCl, 560
PbSO, 1170 KCI-NaCl 657

dolA KCl, KOHZF Wt 18y, o] 2&7]E Metal Oxide Salt Gas

dlol o2 Ffoll mh W)
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Fig. 5. Dissolution of metal oxide at the oxide/salt
interface owing to the molten salt deposit.
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4.4 Molten Sulfate Corrosion
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