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ABSTRACT: Air-staged combustion and low-NO, burner
retrofitting are commonly adopted for reducing the formation
of NO, in furnace by most of large-scale coal-fired units with
ultra-low pollution emission. However, the risk of slagging and
high-temperature corrosion on water-wall tubes which are
exposed in a strongly reducing atmosphere, is sharply increased

when the unit is operated under low-NO, combustion condition.

Because sulfur and ash content in the feeding bituminous coal
are higher and different from that of the designed coal. Some
corrosion layer and deposits adhered on water-wall tubes at the
location between separated over fire air (SOFA) nozzle and F
burner level, were sampled from an actual boiler. The deposits
show a layered structure which is distinguished by its color.
Each layer of deposits after physically detaching was
characterized by X-Ray fluorescence spectrometer (XRF) and
X-Ray diffraction (XRD). The morphology and elemental
content of corrosion layer were analyzed by Scanning Electron
Microscope (SEM) instrument. The results show that the
corrosion layer is mainly consisted of various iron sulfides and
oxides, and PbS. It also contains minor of As, Ge, Ga, Se and
Zn elements. Fe, S, Zn and Pb elements are enriched in the
innermost and middle layers of deposits, and they mainly exist
as FeS, FeS,, PbS, ZnS and ZnAl; 04S, 15. However, Pb element
is found only in the innermost of deposits. The outermost layer
of deposits contains large amounts of aluminosilicates and
aluminates, minor of sulfides. The Pb and Zn enrichment in
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deposits could be well explained via the reaction pathway that
is the gaseous Pb and Zn colliding with high H,S concentration
giving birth to gaseous ZnS and PbS. Theses gaseous sulfides
are transported to the surface of water-wall tubes via
condensation and thermophoresis deposition. Enrichments of
Zn and Pb in deposits are about three to four orders of
magnitude higher than that of Zn and Pb in raw coal, which
would be an index for evaluating the sulfide corrosion behavior
of water-wall tubes.

KEY WORDS: ultra-low emission; coal-fired boilers;
low-NO, combustion; water-wall tube; high-temperature
corrosion

FEEE : KPR ZH A G H S e v 3% 3k SR FH O 9 2 S )
RBEHR AR BeRR UG FAR,  LLB R A A A A=
o (RBEHE NI BN AR 22, B 5 S0 0 1 i ey
T E A BT, AR ER BB T 7K YA B AR 4 AR S i
JE Pl KU BRI . R4 330 MW SR EPLALL Y 4 B RR
JX(seperated over fire air, SOFA)W: 15 F ZAKess 2 0] /K&
RER RN o2 5 PURRZFE AT TR, I BERY Bt
MITTR) B 2R G M, VBRI B 5 25 il diAT T o= & &
D5E R PIARRAE, DURJEMIEITES 5 R Rk AT . 45
RRW: JFE RN 2 MR 5 E ALY PDS, 18
HAT /R As. Ge. Ga. Se fl Zn 2505, /KA REE UM
WERIH 24 Fe. S Pb 1 Zn o6&, £ DL FeS. FeS,.
PbS, ZnS Fl ZnAly 44S; 13 TERAFAE, 1H Pb AL 2 & 4E;
SMZUERRIR L. BRECh ., SHELERAY. 4GSR
VAT, YIRUZT Ph A1 Zn TR ELE, EEFE TN
TUREER T RS Ph F Zn 453 TR HoS [ AR i,
BT R DAA BRI DK IR 7 A BRBE I . TR Zn



5524 1

H1Pb AR LR Zn F1 Ph 2 51 3~4 M EUEYL, n L
FHTVRA A KA B A4 T A 400 P S P R

KEEIA: BARHESG BT IREURGE: KR EE; il
JE&5 o

0 38

T KR BRIENLZ 2 BE AR 58 1 T B AR HE I
SO, YETSE TS B HE B A% AT
M HE R AE(NO,<50mg/m3. SO,<35mg/me. Hikid)
<10 £z <5mg/m®) M, 2019 4E, 4 H AT AR
A R E N 18 Tt 89
it 93 S5t [A) 2015 4EAHLL 3 Kys Y e
B 43 ik 55%. 55.5%H1 48.3%, iX 78732 W]k
I LZH BB I HIE B0 5 75 Gt s i 2, 6K
S B VA HA T . KA L4 R
BRI IR IR ER e di I H2 A Lk bt ) 5
A A B P4 B R SCR A A DAL 21 U4
WBICHE . H, AR SO 5 L 4LIE
AT IE S TR B, N g5 AR L v R
s kA s 51X B 2 s A
e kg e S8 Qb T LA
R A HFFEAR 72, S oy Fitm & 3, IR
PRI 5 7K A B £ A RN iR S I AR, 4R
ELER A R A R FEL T A A e e e ) 2L

YN 1B 1 BRI B UL R OK YA e
BETME T A SRR R 5 WA i 46 S [ v 7K
A RELE A R R th. DI bE 7 3 45 45 £ 5% 1
] R RJRR G AN Y] BIR I8 2 2 2% 1 JE AT AE 7%
S, Gy KA IR AR R K IR R, Sk
EEHEANT v TR S5 O R TR RN 25 B R, A% B ik 7K
RE IR BRGEFIRT ik be s hr IR B U B 0 )5
THZPRBER% 5 SOFA M 1 2 ) 7K VA B I R T [X 3 T
FHRIE SRR, HaS+CO IR JE R A mik 20%, #ifk
W e UL T s XU SR o % SRt PR e R
PRI 555, R B TR 100°C . /1 — e AH I a] 411, FeS-FeO
A AR AL RIA TR 1 940°C, KGR F
W Ty KRG 7K VA BE 4 SR 2100, 05 R BRI 2R,
B 3 a7 A COMRE Ly s A B S MR S B R 4, LA
P/INSEBR R TR, A AR 7KV B vl Jo Tl R
=

REMRE B KA BESEMEZTRH
12Cr1MoVG. 15CrMoG F1 SA-210C(ASME #r#EHN
SO, R R i A B LIS et T
JE I I T S T A S ML ALIS AT 2 4, JLRS oL e

FERORE 5 BUE BT ERBEARR T /KA BE w8 b 5 B A TR UR o) #r 8059

W R, DARE— R A 8 HL St ) g R T
Fo EWAMEEXS LR EITRE T — &0, Ik
RESRLRIAUR 2 N E g R 2. BB 500°C
N 7K YA BE AR O Tl B AR [] Hp S WA S 2 M K
e ARSI TR I HaS+CO+N, "R T
TKVABEAS R R B T PR 3 T HoS+N, AU VP i 4
RIN 300MW HLZH 7K ¥ BEIT BE [T HpS ¥ EE[H] CO i
JEREAHDE, COWEE—MU/NT 5%, ik 20%,
IR H,S W B kb T 0~760mg/m®, f% & Al ik
3000mg/m®. Xiong ZEPE4R 24T T 5 330 MW #L
N SA-210C 7K A BEERA 1) ey il JB5 0l =40, B
JE b 2 AFAE KRS FelZn B YR FesO4o [AIFE,
HA2% Najima 25150 3 Il AHL4LRLE i
R I AL B0 dr A R Ji A DX K A B 3R T
FURKE R R B EE Zn JeE, FHA I EEYH
TAM ZnS HEESEU . Yu 00T T 5 G 300
MW AL A 7KV BEE R il ™=, Ak JLJE T
BUSES HoS S Bk, Ji ko™= 2 )20k 43 A H. 3=
BUEMAEICER . R, BRI R TR
HoS A5 T /K Y2 BEAE 1 1) Ji ok 2 5 15 ok ™ 49 4y
AT, AR T8 JU U R 7KV BER AR (1 4]
BIE S B K ENURBC R, A7 B85 5 525
IRk — P .

ARG 330MW Hh HI LA Jy i oAy T J 2 A 4
W55 SOFA 5 112 [A] X 3K ¥4 BE (1) J65 b 2 5 DR )
AT TR SR BE, 235k X B4t Ax
(X-ray fluorescence, XRF)Fl X 5 &7 e (X
(X-ray diffraction, XRD)XJ#f 5t 770 5= 50 A
FAE, (7] SR 4 7 S AU 0] 5 b2 v 35 T
AT S e, JEE G RO, TR
W T ORI G E E R AT R SRR DA A
TP B i AR

1 MBI

% 330MW HLAL A A< 5 8 i 4 A BIR 2 v il i
(f) DG1164/17.5-1112 BV I L. — k. V)RR
BRI A HEE g, A R GRSV R FL
eI 2 Rl TR i g a1 B W L0 P ) 1€ = )
NIET T &K 55°, W IRIFH RS A
1200mm 555 e PR 2 AR 4z

IR g VUGS, DIInkRe. ke F 2
% 11 A0 21 BRI IR 250 21.154m, A JZmE 3|
AR SR Bk 4.017 m. WK 1 FroR, A
H 6 E AW, 72 RAmI, 4 Rl



8060 i ZEN I

T % R

40 %

O & 7 &

e
BE
HE is @115 G

Ecfod e

@115
(0.9~0.95)

& = =T

LS

Bl RiriEsREE
Fig. 1 Schematic diagram of the boiler
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Tab.1 Properties of coal used in this unit
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Fig. 2 Pictures of deposits on tube walls located at the
front wall between SOFA nozzle and F burner
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Fig. 3 Elemental content of deposits and corrosive layer
collected from water-wall tubes
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Fig. 4 XRD analysis of mineral phase
in the innermost layer of deposits
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Fig. 5 XRD analysis of mineral phase in
the middle layer of deposits
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Fig. 6 XRD analysis of mineral phase
in the outermost layer of deposits
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Fig. 7 XRD analysis of mineral phase in corrosive layer



i 24 34

FRORE: MR R Be N KA

SR E B 8063

8 BUhEYEFEE EDS S
Fig. 8 EDS analysis for longitudinal profile of corrosive layer
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Fig. 11 Distribution of Zn- and Pb-containing
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