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Abstract : In order to understand the corrosion phenomenon of metal and its oxides in boiler under complex
atmosphere, based on the method of thermodynamic analysis and the principle of gibbs free energy minimization,
the material composition of compounds and the gibbs free energy of major reactions in different temperature
systems under complex atmosphere were calculated, and the influence of thermodynamic analysis of the reactions
of CO, H2S, and HCIl with iron-based compounds, final corrosion products in complex atmosphere and effect
of intermediate products on high temperature corrosion were also obtained. The results show that when the
temperature is greater than 580 °C, Fe3Oy4 is reduced by CO to FeO with loose structure. When the temperature
is around 700 °C, H2S corrosion and S corrosion would be carried out in coordination, causing serious damage to
the boiler heating surface. HCI corrosion mainly occurs in the lower temperature stage (about 300 °C), and this
type of high-temperature corrosion is generally not occured near the heating surface of the boiler under normal

operating conditions.
Key words : complex atmosphere; iron-based compounds; high temperature corrosion; thermodyamics
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JEPE AR XA U SR A A USRS 25 il 52 AT 1 ) SRR (Fey O5-Fes ) ALESZ ARG SN, 5
AEC A 7 2 A AT B 1 Ve Pl B 2 R A A ) S e TR A — I B R BRI N A UR, T TR A
H R A= B8 OB AS AR SR . ARARIRIAE IS T B S AT S U T s TRUE Tk, SRR Sz A )
b S BORAE IR S U T A R S BT HL S UM <6 8 e SR A ok A S s A B B SRR A s LB k. Meetsidjoki
JEEW RIS W 2 AT 7R Rl SRR PAEE T 2 AR AL i, 2R TR P S A NaCIE F L 5. 4
RS ARSI | PP AR HCIRUA, MR R . BT T TSR BERT , CORMAY BRIk e RE
RIS, WA G R R ECER R BB, AT R, X LEBSER I 1 w8 T ) S S AL AR R I
RB LR , 1248 IS )22 F BER I M ima i J od b A 52 2% S R O BILERBIT S

PRI 12 B FHSC chemistry W] LIS 2R HEME T I ZICZ A5 , THRER UEDE ikt 1
A, FEL. BAT, REZ2%E RAHSC ChemistryF/FXH AW T AEA R SGT B /i A2 L A 7
TEHTRIAR, RS RS BEHE AL, BT AT LI HTHSC Chemistry 1A 22
WA, HIFE RIS ASCRAIHSC chemistryHARUITE 1A B9 b AR 5 PRI S W A %
FOSE B 5 AT ) ph RERE I R 78 (A SR A RN R R G R AL S IR MR AR, 38 3 4% SOSTHEA T 647 1) A
SR AT B2 2 UG BB ity LU R 1] = ponk s TUB ik s 45 2R . 1N 4l SR BE RS 25 e et S et )
BrinthiE it =% .

1 MRIKEFZ
1.1 ARMER

B TR SR R RS I 25T 32 BT A T R X I W SR A4, LA 1) B A8 S5 v 3 o 1) ol
Sk (CO. H,S . HCL) B, ASCHE I LR ot SUARYE AT S , SRBFFE R 44050 T A Fe it 43 1 il i ik
1.2 #MRFZE

HSC Chemistry & —Fh I B AT, v] DU T4 R 5 ) A2 s iy ST R 45, It
HURT AR 45 R N EREE . B SE FHHSCHRF Y Reaction EquationfEH MECOS M | H,S S M HCIK,
RS Felt) E ALY Z (R SO LK 75 AR T A i REREIR L A8k, PRt B4 soOn; i 75 AR 07 A i BEBUEAG Y AR
fhia# (AIAG < OB i) B & A1 T , AG=0} [ Bk FI V-, AG > OB RV ANEE H &A1 T) , 145
J A T AR X ) AR BE ). SR 8 AT 1 P R BT RE B3 g T, DA ARG T X i R T B 1) A
AT, MBI R TR, X N 28 5 1 2 A 7. HR & I Equilibrium: Compositionsf 1875 & 224Uk
FH, ANERR AR S TS YRR AL, FZRARYE T35 /B B g/ NI, F IR RN T AEER TR |
YL AT RERI I 275X, DAHP et mT B SR 0 R A B, TR B SRONE JIT A ) P RS BB, %R
F= 10 B A TRLAEL Y
1.3 tEIR
1.3.1 BRI S ik

HRAEHISEST , F1HCO | HaS . HCVS M 5 Fel) S A Z 811 S LA K A= i) 22 (B B AR SR, 25 i A
SIBRZA TGO, PR IR YL RUE J1 43 120~1 300 °C . 0.1 MPa, JRH 45 R Origin 4R 1 HEA TR
I3HT.
1.3.2 BAAGUT W R

X - sz g 7 A TR AR LN e - (1) TFERGIRBEYE R 10~1 300 °C 5 (2) REGLH s
JEiH5A, BISN0.1 MPaj (3) ¥ RS AHYRE FEAN,. 0,. CO, CO,. H,S. HCL, H,O. SO,; [EAHH
A Fe. Fey0y., Fes0,. FeO . FeS. FeCl,. S; (4) MRIEFIINH A MBS HHRAPIAE, RIGH T
BRER IR AR JEE SR T B BRI AR R Fe B YR ML, Bl fr i AN 2%
IR SN 2R 4™ e, DT 5 Fel) 75 & 47100 kmol.

z 1 HEERPEE

Tab 1 Chemical composition of flue gas

SRS Ns CO; Cco 02 SO, HaS H,0O HCI1
JEE /R £ /kmol 74.4 14 4 0.5 0.01 0.05 7 0.04
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2 HERE{THE
2.1 COREMAIMAEITE

COFEIAA IR R AL, (1) ~ (6), RIHHSC Chemistry B8 T AR R E T %
T 1 e A e 2 S

Fe, 05 + CO(g) = 2Fe0 + CO, (g) (1)

Fe,03+3C0(g) =2Fe+3CO04(g) (2)

3Fe, 05+ CO(g) = 2Fe; 04+ CO,(g) (3)
Fe;0, + CO(g) = 3Fe0 + CO,(g) (4)

Fe; 04 +4CO(g) = 3Fe+4C0,(g) (5)

FeO +CO(g) = Fe+ CO,(g) (6)

EITH6 N RIIAG —T R FR K. HIE AT, 720~ £ —
1 300 CHYTRBEMLIEIN , Fe,05FICOSN BT A T A 2. Tl T el

—¥—eq4—®—cq5—4¢—cq.6

MRS NS, BEIRONE (1) ~ (3) 52 H AT,
{BJ2 1 T Fe, O3 FICO M A= JiiFes O, B 75 A i A 1 BE
/. I, WERTrZ a3kl Fe,05,5 CORMAE
J§Fe; O MY RN A 5y Az . AEBARIE T (0~580
°C), @RI N Fe; O, WL N 42 B Fe ; iR

10

04

deltaG/Kcal

104

FE K T580 “CHT , Fey O, FF WA B A S I FA R FeO , .

HEomm2. mENTLUE S, A YEE/NF580 °C 30-

A}, FeOREMEHE AR N4 @ Fe. I, 7ESLPRizfTH, 20 0 20 40 60 80 1000 1200 140
Bt TR ORI JFXE LA 4 7 , BRI st , R Temperature/ C

TR AR, PTREZ R A FeORYIR S, [R] I B 1 COSKSSENAMRMEAG—THE
TP R P RN FT , A R R R Fig1 AG-T diagram of CO reaction with Fe -
THUZ R R TR TE 131, 20T sk 52 R T e g . based compounds

2.2 H,SEMBHRNFEHE

20 fht P AL TR P E SR, Ho S SEIE A R B R A AL R (7) ~ (11) . SRAHHSC Chemistry
AR AGHEE IR AT A RN (a) F7s. YH,STE SR A B AR, O R
KW (12) ~ (19), AGHEE REZMATTHEZIRME?2 (b) .

H,S(g) + 3Fe, O3 = 2Fe; O, + S+ H,O (7)
3H,S(g) + Fe, O3 = 2FeS + 3H,0 + S (8)
4H,S(g) + FesO, =3FeS+4H,0+ S (9)
H,S(g) + FeO =FeS+H,0 (10)
H,S(g)+Fe=FeS+H,(g) (11)
2H,S(g) + O, (g) =2S+2H,0 (12)
S+0(g) =S0(g) (13)
2FeS + 0, (g) =2FeO +2S (14)

2FeS +3.50,(g) = Fe, O3 4250, (g) (15)
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4FeO =+ 02 (g) = 2F6203 (17)
6FeO =+ 02 (g) = 2F6304 (18)
S+Fe=FeS (19)
40 o 7—e—oq8—A— g9 g 400 Y +;q.lZ—0‘—oq,l3—‘—cq,]4‘ 1
—v—glo— —e:q.ll ! 200 :v:zi}g;:z}g—«eq,w 4
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= <
g g
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B S T T Y M0 e a0 e w0 0w 0w
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(a) MJFEMESSN (b) FMMHEAGR

B 2 H,SShSH%EUENMRNNAG-THE
Fig 2 AG-T diagram of HsS reaction with Fe - based compounds

El2 (a) HH,SHER RS TRV BIAG-T R ZRE. WEHRIA, 2R T 300 °CHT , HySA 25 HFe, 055
Fes O, KRN, A FeSHIBATTS. AR RS2 5 , W ikbe X0 CL s e 300°C , BRIt it (8) ~ (9)
TEMmPIE R B ER A S B Z AT, B (10) ~ (11) B9 A 57 A B BEEUE AT, HoS 5 4R FefE0~1 300
CCHBIT LA R A RN . AH 2 43R B 770 °CJ , HoS 5 FeO4: i FeSHY N ANRE A & 104 #-4T , WAl 21 H,S 5 Fed:
I FeS I [ N 28 by K . AR S X S B b 1 32 AR AT D = A T 1 oA, A9 31T 24 T o DA SR
SR R, H SN A —F Lmi S, FE G4 RFeR LN BFeS , A BT I FeST ) 2 e e TR
2, M H AN R, S E IR 4 RS RE R A

Eialzl2(b)71%firjit(12)~(19) E’J*Z‘ﬁ,ﬁﬁaﬂa EFR/NT 0, UEIATEO~1 300 °C iy Al LA A & #4T. i B
Br T RO (14) , FoA s A9+ A B [ H BEARIE 25 T %) LR imissg fin , Ui BH sk 86 f2 3 AR BRI T B 5 &2
FN AR B BT R R, B EE A R R B R R A R AR, 5488 &R N (O
(12) B (14) ) . TR (16) AR A F g/, PRI FeSHE AL IiFe; O, FISOL I T REE R K. 7%
T3S AR Y AR S B A SRR BB 4 TR, FeSINI 238 AL i Fe; 04 IS0, , IFAE IS0, AT L) 4R
1o TR PTG PR I R A R AR H ok, (S T AR
2.3 HCIBMBHRNFITE

HCLS 8L A NS R 22 L (20) ~ (23), FH Al A R REAITT B 25 R A&l 3.

2HC1 4 FeO — FeCl, + H,0 (20)

2HCl1+ Fe, 03+ CO — FeCl, +FeO +H,0+ CO, (21)
2HCl+ Fe304+ CO — 2FeO + FeCl, + H,O 4 CO, (22)
2HCl+ Fe — FeCl, +H, (23)

B3R (20) ~ (23) IIAG-TRRE. MESATLIE 1, )izt (20) ~ (23) fE AT A i REXAIRE A 1R Y
B LA, GAHIREE IR AT R, ROV R XELL T, IR AR T 500 °CHY, HCIZEIR SR COFEAERI SR
T 54 R BN Fe; O N A2 iFeCl, LA M FeO (KN (22) ), [AlIfFeO 5 HCI W A iiFeCl, (K2 (20) ) . {HE
HRESIBRIEOL , Bpr A ee X S v T500 °C, BT LA MELL & AR . FEA ROV (21) AN (23) , HOLHTFe, O3
N7 (A AT A i AR/ N FHCIRIFe N )35 A T A B, T AR 24 A8 R B HCI AT Fe, O 5 J2 A i FeCl, fllFeO
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A ST B o A TSR A BT Fe CL Y AR AR HAIG, 7
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» > = VE R BT - o >
PETBURIRHCLUUR . PG . S EoAL 3 HOISHES$ELAMRRNAG—TH
AR IE R s, R L300 °C, BrLd Fig 3 AG-T diagram of HCI reaction with Fe -

MIREERT300 °Cli , IRAAFLEVUHCIHE, & based compounds

A FeCL INFELE , TR0 UG S8 AR DX ] BEAEAEFeCly . AN , RIVNITF AR EERAAIR , STER 2 LA FeSH)
WAL s BEE TR THET , FeSTIH, O AE H, S 5 iR B i — 20 FHEr 30700 °CH, #4rFeSHE AL RS HLIT 5
HENREEEF]00 CLEAT , TS TR S A LS LT, Ir LAt NBEIS AR T il 0 i A HL S UA
NS BRI [ B A7 ) SR PR B BB )8 ot LU L, SIS Dk B i P ™ 8, ' 2> B R 05 4 2 1) e AR IR B 1k 4 T i
54 e & A AL RN, Al A5 A BT M %

&4 (b) FTLAA T, FeORY & i 2 b TR R3S NI, FriFeOS—HMEE LIRS RE I, 4R
. 7E0~400 °CLiAT , CO,2FIFeO | FeCly M AE.CO . HCIHIFe; 0, , FFLAFeORY A i Zta S8 548 | It
M(22) WHESSIESCIL NG . YR EEAES00 °CAEAT T, FeORAR ML SR b, T X I C O, Y-t 7E bR ik
A COFTRAEZETHIN, X2t FCOMFek £ T RV T COMFeO, ML (5) A1 (6) H5E Al A ek
TR B I 2 AR A A AR 2 T X — 5 (1) .

0.08 T T T T T T T T
——FRS——H,$—H 187 —+— €0y 0+ O
0.074 ——FeCl, S—+—850, 7 164 —— Fey0,——Fe,0,
0.06 _\\ 4 14
[~
= 005 \\ ; 7 ‘\‘ i = 12
g i’ g
/
2 0] T 2 0
=] / 5
g 7 2
g g 8
S o4 3
Y 6
0.02 s X\.
w"‘ _g" \ 4
0,014 ! o Y 2
1 \
0,00 e 0 e
T T T T T T T T T T T T T T T T
-200 0 200 400 600 800 1000 1200 1400 200 0 200 400 600 800 1000 1200 1400
Temperature/ C Temperature/ C
(a) HaSFIHCI S 1125k, (b) COTF AL

B 4 ERSFTAEZERFZALSYEIYRILER
Fig 4  Material composition of compounds in different temperature systems under complex atmosphere

3 H#Hig

AR SCHFHFAS 22 AFHSC Chemistry H A Reaction Equation flEquilibrium CompositionsP /Mg EL 435153
TR AT B A (H,S | HCL, CO) SFeiAb &1 SO 4 A1 35T B i B Bl 2 Y 28 L AL LA
RAEZ AU T AR E RGNS PR . i BTSSR, B LT 458

(1) HIREER T580 °CiY, Fes O T IABLCOIRFURA A I FeO , EAEFeONBA RS WEN , SEUE 1l
2k

(2) Yp AR S AR, MELLAE RN SR . EEERY S 2 FeO , FT LA & 2 T XE LA
A FEECBR RALIE T LSBT0 “CAATIN | H, SR 2SI B RSIERT . 6 H A 1 P T
TR 5
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