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Effect of Nb Addition on the High Temperature
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ABSTRACT

The corosion behavior of Fe-18Al-xNb alloys(where x = 0, 2, 10 at. %)was study over the
temperature range of 700-900°C in a Hy/H,S/H;0 gas mixture. The corrosion kinetics of Fe-18Al and
Fe-18Al-2Nb followed the two-stage parabolic rate raw, consisting of an initial transient period and a
steady-state stage, while the corrosion kinetics of Fe-18Al-10Nb exhibited the single-stage parabolic
behavior. The duration of the initial period decreased with increasing temperature, but increased with
increasing Nb content. The corrosion rates of all alloys increased with increasing temperature, but
decreased with increasing Nb content. The corroded scales formed on Fe-18Al consisted of FeS, FeALS,,
and minor amount of Al,Os, while the scales formed on Fe-18Al-2Nb consisted of FeS, FeNb,S,, and
minor amount of Al;O;. The scales formed on Fe-18A1-10Nb consisted of Nb;S,, Al,O,, and minor
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amount of Nb,Os , FeNb,S,, and the formation of Al,O3, Nb,Os and Nb;S, is responsible for the reduction

of the corrosion rate of the Fe-18Al-10Nb alloy.
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Table 1 Summary of semi-quantitative analyses
(EDX) of Fe-18Al alloys

Alloy(at%) Fe(at%) Al(at%) | Nb(at%)

Fe-18Al 81.3 18.96 ----
Fe-18Al-2Nb(overall) 80.40 18.15 1.45
dark phase 80.77 18.72 0.51
light phase 75.15 14.20 10.65
Fe-18Al-10Nb(overall)] 69.97 20.99 9.03
dark phase 74.89 23.95 0.97
light phase 55.09 15.01 29.90
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Table 2 Partial pressure of Pg,,Py; and Py, in

mixed gases.

Temperature("C )| Ps, (atm.) | Py, (atm.) | Py, (atm.)
700 °C 3.77x107 | 1.79x107**| 0.195
800 °C 3.03x10° | 5.52x10%*| 0.195
900 °C 1.70x10”° | 6.34x107° | 0.195

HESRIIR S FH,S (2.0vol%),H, (17.0vol%)F0 Ar(81.0vol%).
HESREER 0 CHRKZEFIAERS 0.6025v0l%.
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Table 3. Parabolic rate constant and activation
energy of Fe-18Al alloys.

(2)7F Hy/H,S/H,0 RERAT

Alloy (at%) {700°C {800°C |900°C  |Q(Kcal/mol)
Pure-Fe 5.95x10° |1.88x107 |3.64x10” 20.6
Fe-18Al 1.08x10° [1.96x10° [1.20x107 | 483
Fe-18A1-2Nb [8.21x107'!1.08x10”° {4.00x10® 69.4
Fe-18A1-10Nb |1.78x107'% [8.93x1073 |2.10x10™2 28.1
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Alloy (at%) Ps, (atm.) Temp.('C) Kp(glem™sec’) Ref.

Fe-18Al 10° 900 2.90x107 (5)
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Fe-18Al 107 900 4.90x107 5)
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Fig.3 Reaction kinetics of Fe-18Al alloys in mixed
gases (2)700 °C,(b)800 °C,(c)900 °C.
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Fig.4 Arrhenius plot of parabolic rate constant for
Fe-18Al alloys.

T4 - TR BARY IR R € R R e ek - ERE
EEECRINMER -
BIESSEREARRRA TR S EE R
HHIINE 3() - B 4 BEREFERRE BEERE
B84 Arrhenius [& - H » &G SHELREE
IRFIRRE 3(a) - 3CRT » MY Fe-18A1 §&1E
H,/H,S IR & REBE RS RIFY R 3(b) LLFILE
B o fi3k 3 TEEE N WIRIIE=T&a$mh
JE B KRG N - EBBIEREA - Fe-18A1 &I
BlEREE R v N E R L MSRE T 045~ 1.5
BEE - MA 2 at%Nb BRI =TE&E  HE
Bl ESRAAEEMEE - 7F 900 CRE{E 1 EBEM
700 °C[4% 2.9 [EBLE 4 - T Fe-18A1-10Nb 767
FEEFE A BEES 4 ~ 5 HER - LLER3()



e T HE+—BFNE EBSHEIZH

(2) s

100pm

[l (b)
B 5 (a)Fe-18Al ¥ H,/H,S/H,O RERAT, [ 6 Fe-18Al1-2Nb 7 H,/H,S/H,0 iE-&S R A T e
B2 700 "CREEH 35.7 /NKF1% 7 S ER A 4 T SR A PR AE R E (a)7E 700 °C IS8 31 /)
li&d, (b) 5 (a)B9 fl K [ [F,(b)TE 800 °C & Ad 29.3 /)\Ef
Fig.5 (a)Micrograph of Fe-18Al exposed for Fig.6 Micrographes of corroded Fe-18AI-2Nb sample
35.7 hr at 700 °C in mixed gases,(b)High (a)for 31hr at 700 °C,(b)for 29.3 hr at 800 °C.
maganiﬁcation of (a).
K72 3(b)F40 » Fe-18Al7E Hy/H,S/H,0 R &5 J& B FeNb,S, B0 & ALO; ANBESY -
T B 5 R R MO LURATE 900 °C » H/H,S B &R £ Fe-18A1-10Nb &4 » HITE K AL O; B Nb,S, -
FPBYFER o TSR Fe-18Al 7E I RSN R FeNb,S, 2 Nb,O; E’J?R‘é‘ﬂ*/] .
JiEE R o R 7 Bk W v R AE L Fe-18A17E 700 °C A% 35.7 /NEFHR 1% 22 1T

WS L1 5 T - B o RS BB LA R

FIHDAERE - AR AL EIRY FeS B &k ALO, »

XRD 43 #7#) % R E R~ » Fe-18Al B Fe- ﬂ?f%ﬁ%@‘%?%ﬂf#ﬁ@#ﬁ@ﬁf ERA

18AI-2Nb 2 [EEhE WH E G454 - Fe-18Al Hﬁi%%%f&%%%%ﬂﬂ\%_@ﬁﬁfﬁ FeS £7F ALO,
~ e ASHER FeS + PR FeS » FeALS, ] b BLEREA T IR A R A B

3.2 R ITAAE RS BRI AR IR

ALO; IR & © i Fe-18A1-2Nb HIJZ R FeS 4} Fe-18A1-2Nb 7 700 "C 53 31 /NI i) 2% i 8

167



AR INSEHS Fe-18Al & &1 Ha/H,S/H,0 IR &R A T 0I5 % IBLE AR 78

{e) S Mapping
[ 7 Fe-18A1-2Nb 7f Hy/H,S/H,O REHEA T,
Iz 900 "Cgggd 12.3 /N2 2 BEI BB
PR R A B & H X B ITT 3R 436, (b)Fe, (c)
Al(d)Nb,(e)S.
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(a)Micrograph of Fe-18Al-10Nb exposed for
71 hr at 900 °C in mixed gases,(b)High mag-
nification of (a),(c)Micrograph of corrosection.
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