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Abstract

The structure of the scale formed on the surface of Fe - Cr - X alloys exposed to 1143K high
sulfidation(Ps,=1.11 X 10 *atm, Po,=3.11X 10" ®atm) or sulfidation/oxidation(Ps,=1.06 x 10~"
atm, Po,=3.11 x 10 ®atm) environment has been observed and analysed using XRD, SEM/EDS.

To investigate the possibility of protective film formed on the surface of the alloys, Alumini-
um, Nickel were selected as alloying elements.

Thermodynamnic phase stability diagram was used to predict the reaction path of scale
formed on Fe ~ Cr - X alloys.

Parabolic rate constant(K,) value with 6wt% Al in Fe - 25Cr alloy decreased significantly
compared with the Fe — 25Cr alloy without 6wt% Al. Since thin layer of defect free sulfide film,
(Al, Cr)Sx, was formed at the alloy/scale interface.

Fe - rich sulfide scale at outer layer and Cr - rich sulfide scale containing porosity at inner
layer of Fe — 25Cr alloy have been observed. The reaction path for these scales coule be predict-

ed by the thermodynamic stability diagram.
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Table 1. Chemical composition of alloys(wt%)

Element f f
cr | Mi C P
Fe-Cr 7545 | 945 - _ 0.041 0.01
Fe-Cr-Ni | 34.1 | 2892 | 3868 | - } 0.04 | 0.01
Fe-Cr-Al 67.75\24.6 - | 56 | 004 | 001
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Fig. 1. Thermodynamic stability diagram for Fe -
Cr system at 1143K, assuming metal activi-
ties to be unity ;

o— sulfidation environment
A— sulfidation/oxidation environment
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Fig. 2. Relationship between weight gain and time
(sec'®) for Fe - Cr-X alloy exposed to high
temperature corrosion environment at 1143
K;

A— sulfidation environment
B— sulfidation/oxidation environment
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Fig. 3. X-ray diffraction patterns from the sur-
face scale formed on Fe- 25Cr alloy
exposed to high temperature corrosion
environment at 1143 K for 5 hours
(1) sulfidation environment
(2) sulfidation/oxidation environment

o) BFT Aoz Hggc)ew

Fe-27Cr- 39Ni &% H.2] u}8-27)
AAPAER Ate] AlHe FAWMEE A
Ao g FA Z71etg9 D =& A|3o] 54
oA ZHg ARRH YAE F2ALES) shE
g uka)y} dojuh A A7 FEstR ). 5417
7 9] K gke 0.51mg’em ‘sec ' 2 A4 gl o}
IN IR 9 K gk AR A Retglon s et
3} t}.(Table 3 2H=) '

3 shirst BA SR M o] A FTE T4 K4
e 271 E 288 S velso] Fig 49 B
ol whe} #r}. o] 1YL Fe-27Cr-39Ni §2 <
33l ArE g A oA 168 Bl 327 Rew
SEM/EDS ¥4 e o]& A 2o gFuHe) i
i A HAAARHA)E AEZ3Eoln U

M ko R eERe 4R Ne A
29z} Fe - Ni 33} 2 o]t} NiSe] 42 1070K
ojug AlHe] 2T ARSI Eo] A 45t
£ o8 FZTERE WA JEEU =F A2k
7 Ttel utet F 2 5o AEZEY O ZA31A =
B2 UAgo] aHA e Aoz Az,

Fe - 25Cr - 6Al 3 Al A7 ool uhe} #
A F FAS e O Aol K gk 3
A A A= 1.1x 10 *mgicm ‘sec ‘o] 31 33l
A8l 87 ol A & 8.6 X 10 *mgfem 4sec 'o]t}. o]
TEAN §5459 %2 Fe-25Cr & v3l
874 2% 4 1008 A= 22 gEZ YA
Fe - 25Cr &0l AlS 6wt%d 7138 W24 o]
ol Ax AMAYn L} 28} Fig. 50 Fe -
25Cr - 6Al 3t5-2 B384 A1 = Z2T 2 %
o] @R oA K] ube} o] B2 ZF2 oA
oln Aol Wol AAIZte o 12 FA &
Aoz Beg ARAo2 Bid & gt vyl of

oL 4
o m I
bz e

>

1=l

P

=il

o

Table 3. Parabolic rate constant(K,)) and weight gain of scale formed for 9 hours exposure to high temper-

ature corrosion environment at 1143K

l Sulfidation

[ Sulfidation/Oxidation
Alloy — l
Weight gain(mg.cm *) I Ky(mg'em ‘sec ') Weight gain(mg.cm ?) K, (mg‘em ‘sec ')
Fe - 25Cr 140 7.4%x10 " 120 6.1x10 '
Fe - 27Cr - 39Ni detached detached -
Fe - 25Cr - 6Al 16 J 1.1%10 * 14 [ 8.6x10°
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Fig. 4. SEM/EDS spectra from the surface of scale formed on Fe - 27Cr - 39Ni alloy exposed to sulfidation
environment at 1143 K for 15 min
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Fig. 5. SEM/EDS spectra from the cross section of scale formed on Fe - 25Cr - 6Al alloy exposed to sulfida-
tion environment at 1143 K for 5 hours ;

(A) substrate (B) internal sulfide

(C) outer region of scale
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Fig. 6. Thermodynamical reaction path on the scale of Fe - 25Cr alloys at 1143 K ;

A— sulfidation environment
B— sulfidation/oxidation environment
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