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HIGH TEMPERATURE CORROSION BEHAVIOR OF PURE IRON
IN ATMOSPHERE O, CONTAINING SMALL AMOUNT OF KC] VAPOR
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Department of Materials Engineering, Dalian University of Technology, Dalian 116024

ABSTRACT: The corrosion behavior of pure iron was examined at 650°C ~850C in O, environment
contaminated by small amount of KCl vapor using thermogravimetric test. The results indicated that
the corrosion rate of Fe was accelerated seriously with increasing temperature or increasing KCl content
in the gas mixture, a loose corrosive product was formed. The reason of accelerated corrosion was main-

ly owed to an “active oxidation” process in which Cl, was produced due to the reaction of Fe,O; scale

with KCl vapor.
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Fig.1 Schematic representation of experimental apparatus
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Fig.2 Corrosion kinetics of pure iron in O, gas containing a trace of KCl vapor at 750T :

(a)effect of KCl contents on corrosion rate at 750C . (b)effect of temperature on corrosion

rate in O, containing 298.2 % 10~ KCl vapor

Fig.3 Surface morphologies of pure Fe corroded at 750C for 20 h with different KCI contents(a)84.4 X 107%.(b)298.2 %1076,
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Fig.4 Surface XRD spectrum of pure Fe corroded for 20 h with
298.2 % 10~ *KCl at 800C

—# i E i KCERA R kS

FEE A KCl MR EE 4> 514 20.6 X107°,84.4 X 107%,298.2
x 1076, Xt R A T X hn#iR BE 4 5124 650, 700C, 750 . ik
BEAY INEEBE F 750C, 800T, 850C . IA R IRMI K
ZEIE—ARERE, MREN I BHED I RHNKSEAR
T RBEREEFAREEEMNAGRMRA, BIRE—BERH
BB %, ERH R —ERBRERESERE. BiidRE

IR & X STER1T 5T (XRO) 1 13 48 #8. 8%/ A 3 (SEM/EDX)
L3t R AR A R i AR T B SR BT A

2 LR

2.1 Bhzhhzt
2(a) A8 Fe F 7S0CEARF KCI KK EM O,

BB A, NP LAE W, BEE O, F KCI &N & AW

I, Fe R 7840 B BN . B 2(b) A KCI & Bt RFFTE 298.2 X
10 °K}, Fe ERF R A RS ph3h £ 28, AT I, 7 KCl %
R ERFAA T, FIRE IR, Fe MO/ M B35 k.
2.2 B

S Fe EARARBKXGTHRMMB™E, £ 750C T&
298.2X 10 *KCI KM ESF, AB 1 /Mt /E, IKEER B3
AL R HEIRS B 3 4 Fe 7E 750C T RRE KCHERHK
BERE 20 N ERIREESR. NE P T LB A Fe MG
ERTRENREBRHE, AFHRBEHER, KREKBEZ
FHER BB REALBEMREAS K tENFE 2X 5
KEH oW ERXREZYWEEN o« - FeO, ML EY
K,Fe,0;, T 4. B] 5 B4 Fe 7E 800C & 298.2 X 10~¢ KCI
HEAMESPE 20 /eSS RSN RE S ARE KRR
ETENERHEERRENBHES. AEDITUEY, K



22 BBk G B P HoR

£17%

BRSMREME RSN E, H LIS mERLZH /D,
XEMELEREHRPEN AT E, NEEEEHR,
HE— R =, 20 5(b). LRETE ST &KX B4R
PHEBROASE XRHAEELE/SREFLEFANE
8 HETEALMENEGRRTERE R ABRAFE, i
HEWREREMESHEF ARG ZEMNEEARY Y.
BARBNEEREROUTUEY. B 6 B ARIRE T4 Fe
A 298.2 X 107 SKCI A 78 1 20 /TR R TTE 45
MFRTTLEY, AEER T REM AR, SLESZEmE
HEBEEmELE.

3 itie

Takemural*iEBH, 7E Cl - O, R8P, Fe H& & LM
KCl#: A8, Im SR b1 4 2% T8 B8 4 LK Ik A9 FeCly, M FeCl, FTRE
5 KCl 4 & £ R AKH AM KCl - FeCl, 35 =M (T, =
355°C ). SURT, B0 e 3R T A 4R 4 A Al RE AR % Ao i 7
RS b I EE SRR AL G KE MR
NaCHEEEABF TR X BB FAER T NaCl - NayCrO, X I
HAAREDRE A RRAESNRANAGRET

. B A EEARRK N KOl #AEXMRL, Bt ARE KR
H IR FeCl, B4 1E . Abels %5 EB 4 HCl FEM KT,

EEMERAARE HCL S O, R4/ ClL. XK F 1)
KCI B EMIEABREDT CL, M. XEI&E
H5E5&EFSESERAPHMEREIT AT LA ELE
BRI B L ER G KRR AP LA
BH R CL, RIE—EMNAKTEREGEESE LN
FEEREAY . M, FHRARRFY CL RERL N EE
T.

B, EP I P, TREENRNYE.

KCl(g) +1/20,(g) =K,0(s) + CL(g) (1)
MR — KRR EMTE, 2N TEAY TSN
0,+KCl(g) + Cl,. MR RS S ERBHIE, T LUBRE Fe
FEARRRFAFTAIMEEM®T  HR R (1)MFRYE Gibbs 88
WAEREM, RE AL BEEP [ PRE(D)ERLT
B, RE(DB =Y KO MEER 1, AT LR ER %%
ETHBARRETY I PHESANSER2). TR
XF O, Ml KCI &R, Cl, M ERIEFMM. f Fe~Cl-0
REMETERE, WE 7, MEZRISTEN RS T Fe £1
EW.EHARERP I RREAENRE. B FREVH,
Crik# MR SREER— Fe, O HALAR, MR FL(2).
B4 I 53R O, Ml KCI BSWREKEREE SR
RS EER. S FREG)ER, B TFERNEY

Fig.5 Micrographs of(a)top surface and(b)bottom surface of a scale formed on Fe after corrosion for 20h at 800°C in O, containing
298.2 % 10 “SKCl vapor, and(c)surface of Fe substrate after removal of the scale.

Fig. 6 Cross — sectional morphologies of pure Fe corroded for 20 h in O, with 298.2 X 10 “SKCl. (a)750°C 5 (b)800T ;(c)850°C
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Table 1 Equilibrium reactions presumed in the present study,
and the corres ponding standard Gibbs energy changes
(AGYy3) at 1073 K

equation AGYys
equilibrium equation
No. kJ/mol

(1)  KCl(g) +1/20,(g) = K,0(s) + Cly(g) 437.21
(2)  2Fe+3/20,=Fe0s -545.6
(3)  Fe03+6KCl=2FeCl; + 3K,0 1130.1
(4)  2Fe05 +2KCl(g) + 1/20, = K,Fe 0, + Cly -
(5)  Fe+3/2ClL,=FeCl -231.5
(6)  2FeCly+3/20,= Fe,0;+3Cl, -82.6

Table 2 Calculated partial pressures of species in the experi-

mental atmosphere in zone I . (Pa)

concentration  20.6X107¢ 84.4%x10°° 298.2% 1076
0, 101323 101316 101294 '
KCl 2.0 8.5 30.2
Cl, 3.99x10°1 2.99x10°" 1.49x10°12
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Fig.7 Thermodynamic stability diagrams of system Fe — Cl— O
at 800C.
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