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A Preliminary Study on The Protective Film Formation on
Fe-Cr-X Alloys at High Temperature

I.H. Son, B.W. Lee and H. S. Kim

Alloys of Fe-27Cr-39Ni, Fe-30Cr-6Zr and Fe-30Cr-6Ti have been exposed isothermally to an
equilibrated gas mixture of 94.7% H,/1.3% H,$/4% H, 0 and 69.0% H;/1.0% H,S/30% H,0 at 1143K.

The reaction kinetics have been observed and related to the morphology and composition of the cor-

rosion products to the sulphur and oxygen potentials in the gases and to appropriate thermodynamic

phase stability diagrams. In the environments of low oxygen and high sulphur potentials, chromium rich
sulfide scales develop on both Fe-27Cr-39Ni and Fe-30Cr-6Ti alloys which allow extensive corrosion for
7 hour test, while partially protective porous Cr,03 layer develop on Fe-30Cr-6Zr alloy. In the en-
vironments of high oxygen and high sulphur potentials, dense and protective film (Cr, O3 or TiO3)

develop on both Fe-30Cr-6Zr and Fe-30Cr-6Ti alloys, while porous chromium rich sulfide scales develop

on Fe-37Cr-39Ni alloy which can not protect the alloys from further attack.
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Fig 1. Thermodynamic stability diagram for Fc—
Cr—Ni system, assuming metal activities to be
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Fig. 2 Schematic diagram of high temperature
sulfidation experiment facilities
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Fig 4. Cross section of scale and its substrate
formed on Fe—27Cr—39Ni alloy exposed to
sulfidation environment at 1143K for 5hours
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Fig 5. SEM/EDS Spectra from sulfide scale(A)
and alloy substrate(B) of Fe—27Cr—39Ni alloy
exposed to sulfidation enviroment for §
hours.
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Fig 6. Schematic illustration of scale development
on Fe-27Cr-Ni alloy exposed to sulfidation environ-
ment at 1143K for 7 hour
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Fig 8. Thermodynamic stability diagram for Fe--
Cr—Ti system, assuming metal activities to be
unity at 1143K
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Fig. 9 Cross section of scale and its alloy substrate formed on Fe—30Cr—6Zr alloy exposed to suifidation
environment at 1143K for (A) 2hours (B) 5hours (C) 7hours respectively.
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Fig. 11 Reaction path on thermodynamic stabili-

ty diagram for the development of scale on Fe—
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Fig. 13 Cross section of scale and its alloy sub-
strate formed on Fe—27Cr—6Ni alloy exposed to
sulfidation/oxidation environment at 1143K for
5 hours.
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Fig. 14. Scanning electron micrographs of the cross
section of scale and Fe—30Cr —6Ti alloy substrate
formed by exposure to sulfidation/axidation envi-
ronment at 1143K for (A) 1 hour (B) 3 hours
(C) 5 hours and (D) 7 hours respectively

Fig. 15. Cross section of locally bulged part of
scale and its alloy sulbstrate formed on Fe—30Cr —
6Ti exposed to sufidation/oxidation environment
at 1143K for 7 hours: (A) Fe rich sulfide. (B)
Cr rich sulfide, (C) Ti rich oxide
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Fig. 16. Cross sections of scale and it's Fe—30Cr —
6Zr alloy substrate formed during exposure to
sulfidation/oxidation environment at 1143K for
(A) 1 hour (B) 2 hours (C) 5 horus and (D) 7
hours respectively

o} o] A7 A =Z3Rolx
A ek TAZ R EAAE 4
A 2umA e . A= wpute] PFAEAUFE
ol 2= olch x| WA "veto]= Nigt F

25z gokw Cro] FAFojgict =34 S W
4] wupabal gF& ojyolME A EH A stk 4
2ba] 3 8L/418 A A ) Fe--30Cr—6Zr TS
A7 2 EAZSH FFAH Bdel WA 22
u]-g A3FE wbuto] XAl HAs=RA Fe-
30Cr-6Zr o] 43 HA4E A" HAelrk

4. &4 =

Fe—27Cr 39Ni, Fe—30Cr--6Ti % Fe-30Cr -
6Zr &< 1143K, 94.7%H./1.3%H.S/4%H.0 373
(83437 o] 233 1143K 69.0% H:/1.0% H:S/30%
H.087 (3H31/4H 8 87 el A A7 2FA0H4 7
43 A AAE goksty oj g et

1) 31313870 4 Fe-27Cr -39Ni 3L 287




86 4T3 A8

194

25 1990. 6

$(Cr) UL AN ofsed ALY 22
o] ¢ 3184 atoll Fe—Ni #3#7t £4bd F
43¢ we £52 PAstel 24 Hnzd Wy
A& ¥olz terh

2) 231/43F #7oA Fe~-27Cr—39Ni §¥3F&
Ax 220)L 35E(Fe—Cr-sulfide)Zo] Fe—
Ni &2 olz7h elAlsiAl E4bsl o33 HA4EFE
wlZ &5 PAsImE A iAo elgich

3) Fe—30Cr—6Ti §h3-& #3374 Yl
=9 A azv)jge 3-EFe—Cr-sulfide)
& Azt HAA e Hlm shala st/ Ak
3 Aol E (UG azv)g AFE(Cr0y) 2
tQ2um)E sk 4 WS 2oleh

4) Fe-30Cr—6Zr ¥72 3o« 589
of tb4d 2&v]g ASE(Cr00F Ao v
4 Fud WA4e Bda g3b/4st fAHN A=
A z2ge]g 43HE(Cr.00)
43 A4 E waleh

! ol:_r;;

Z2um A x o

1
w4 stel ¢

4

z 7

2 Qe Feban o pu] Aol she] AF
b 44 sglen oo gAsdeh =@ ¥ A7
A9 HAES meprAl pAs UEA B =

SREEN

i 3

Ho
i

1. K. Natesan ; corrosion — NACE. 41(11), 646(1985)

6
7
8.
9

11. M. M. Eligomati et al

12. T. T. Huang et al .

. N. Birks !

. R. A. Perkins :

. F. A. Golightly et al:
. F. H. Stott et al:
. B. A. Gordon et al :
. B. A. Gordon et al:
10. R. A. Perkins :

“Proceeding of the symosium on
properties of high temp. alloys”, Z. A. foroulius,
Ed. Electrochemical Society(1977)

“final report 1976—1978, EPRI
Contract RP 979—6, Lockheed Palo alto Rese
arch Lab. (August 1978)

. T. C. Tiearney and K. Natesan : Oxid. Met. 17,

1 (1982

F. H. stott et al : “conference on environmental
degradation of high temp. materials”, lsle of
Man (1980)

Oxid. Met. 14(3), 217(1980)
19, 869(1979)
Oxid. Met 13(1), 12(1979)

Oxid. Met 13(2), 197(1979)

Corr. science,

Proceedings of third annual
conference on materials for coal conversion
and utilization”, PP. K231 — K265(1978)

: corr. Science, 25(5)
351 —359(1985)

Met. Trans(A), 16(A), 2051

(1985)

13. P. C. Patnaik and W. W. smeltzer : Oxid. Met.

14. P. C. Patnaik and W. W. smeltzer

15. W. A. Ellingson :

$3(1-2), 53 75(1985)

: J. Eleciro-
chem. Soc. 132(5), 1226 —32(1985)

Proceedings “The Perfor-
mance of Materials in the Coal Gasification

Environment(1980)” by V. H. Hill(1981) p.25



