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The corrosion behaviour of Fe-XAl-0.3Y alloys in
various sulphuric solutions

Young-Jin Son

Department of Materials Processing Engineering,

Graduate School, Pukyung National University

Abstract

The corrosion behaviour of Fe-XAl-0.3Y(X=5, 10, 14wt%.) alloys in
0.1 ~1N sulphuric solution at room temperature using SEM/EDX,
XRD and EPMA was investigated. The composition of alloys were
(1) Fe-5Al-03Y (2) Fe-10A1-03Y and (3) Fe-14A1-0.3Y.
Potentiodynamic polarization curves of tested material in sulphuric
solution have been measured. These alloys exhibited typical active,
passive, transpassive behaviour. leor and leiie of Fe-XAl-0.3Y (X=5,
10, 14wt%.) alloys followed linear rate law. It of Fe-10Al1-0.3Y and
Fe-14A1-0.3Y allovs were ten times lower than Fe-5A]-0.3Y alloy.
leor of Fe-10A1-0.3Y alloy was two times lower than Fe-5Al-0.3Y
alloy. Icor of Fe-14A1-03Y alloy was five times lower than
Fe-5A1-0.3Y alloy. Passive film on the surface of Fe-5A1-0.3Y alloy
was formed iron oxide. Fe-10Al-0.3Y and Fe-14Al-0.3Y alloys were
formed aluminum oxide. especially, Fe-14Al-0.3Y alloy showed good
corrosion resistance in sulphuric solution. This is attributed to the

forming of protective Al:O3 oxide on surface of Fe-14A1-0.3Y alloy.
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Fig. 1. A schematic of idealized polarization curve
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Fig. 2. An polarization curve for a system capable of exhibiting passivity
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Vacuum Ar gas
— —

Cooling water

Fig. 4. Schematic diagram of vacuum arc melting furnace
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Fig. 5. Dimension of polarization test specimen(unit : mm)
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Table 1. Chemical compositions of Fe aluminide alloys

Chemical Composition(wt.%)

Comp.

Alloy Fe Al Y
Fe-5A1-0.3Y bal. 5 0.3
Fe-10A1-0.3Y bal. 10 0.3
Fe-14A1-0.3Y bal. 14 0.3
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Fig. 6. Schematic diagram of experiment setup for electrochemical measurement
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Table 2 Experimental condition of the polarization test

Instrument

Gamry DC 105

Electrolyte

H2SO4
(0.IN, 0.3N, 0.5N, 0.7, 1N)

Fe-5Al1-0.3Y

Material Fe-10Al1-0.3Y
Fe-14A1-0.3Y
Surface area of specimen 1.0cm®

Temperature

room temperature(25C) -

Polarization test

Potentiodynamic polarization Test
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4.1 Fe-XAI-03Y(X=5, 10, 14) &5 Fstdnd =2 AR
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of #et #An7 2AL e Ao Al FFe] 5, 10, 14wt%E 57}
ol wel xHo] WEE EHE HAF: vk Fe-5A1-0.3Y%
Fe-10A1-03Y #=¢9 4% ZA"Ee 2717k 70mm~100mst#) 2,
Fe-14A1-03Y9 4% A4 =77} 100mm~160m= °F 1.49) ~2.34)
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Fe-5A1-0.3Y(>50)

Fe-10A1-0.3Y(x50)

Fe-14A1-0.3Y(x50)

Fig. 7. Optical microstructure of Fe-XAI-0.3Y alloys

_18_



A

pung

42 Fe-XAl-03Y(X=5, 10, 14) &=9 &=

JK

421 H.SOy &9 =% u}Z Fe-XAl-03Y(X=5, 10, 14) ¥ 54
Fig. 8, 9, 102 4204 H,SO, &M =& 0IN~INZ F7HAA

FAY 5 HAEE & & 4 ol whE Fe XAIF03Y(X=5, 10, 14)¢]
B A4E vaske] veRW Bleolth Fig. 82 H:S04 &9 01~1IN
FE F7bel wWE Fe-bAI-03Y &wo 34 £ 4R 243
FEd, FEH Fd S vEkd Aol 24 99L& o -05~02V
FEE G oF 025V ~15V, F-EH T3 dg2 oF 15VolA
FAHATE 0.INA A A7 e

F57F 03N ~INe2 Z7}shol wheh ¢
91.8mA, 127.3mA, 216.6mA, 304.8mA = ©
= Fe 10A1-03Y a9 25 F4d& L‘rEHH A o)}, %*é%ﬂ-&— of
-06V~0.1V, 58 dde oF 025~15V, HEH T2 442
15Vl A A=Atk 0.INA A AF LEE 143mAc| 93 HaSO:
g FE7F 03N~ INOZ F71e] wal 974 dF 2ExL 142mA,
27.2mA, 46.2mA, 69.7mA, 1157mAR of 2~8ujZ F7

102 Fe-14A1-03Y &9 5 4% uvetd sojth 4499
-06V~-04V, 258 49 o 04V ~15V, ¥ 58 T3} 44L&
15Vel Al @A =t INoA A AF 2EE 44mA°l %l HeSO;
g9 Fwrt 03N~INSZ Z7bghel wat oA AF LEE 94mA,
29.8mA, 365mA, 116mAR ¢F 22~268 744 Z7tetith Fig. 8, 9,
10914 Fe-XAI-03Y(X=5, 10, 14) &9 EFelr RA%e] 2t 552
H:S50s §949 5% F7k wE 24 99
Q9 d99 W= BlEelA vehts d¥AH 25 ¥
53 We Hee A9 9ol etk HS0s &9 & Wt
o] Hels F A3} AR 4

=
AoE HSOE $E7h 3748 48 340 F7hHe g & &

_19_



Potential, E(V)

204
1.5
1.0
0.54
0.0+

0.5+

Fe-5Al1-0.3Y

— 0INHSO,

LB R R | T LIRS R

1E4 153

T T T T T 1T] T T T rrrrr T T

001 01

Cument density, I(A/an?)

Fig. 8. Anodic polarization curves of Fe-bAl-0.3Y alloy

in various HsSQ; solution
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Fig. 9. Anodic polarization curves of Fe-10Al1-0.3Y alloy

in various H>SQO; solution
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Potential, E(V)

Fe-14A1-0.3Y
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Fig. 10. Anodic polarization curves of Fe-14A1-0.3Y alloy

in various H2SOs solution
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Fig. 11. Anodic polarization curves of Fe-XAl-0.3Y alloys

‘ obtained in 0.1N H:SOy solution
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Fig. 12. Anodic polarization curves of Fe-XAl-0.3Y alloys
obtained in 0.3N HoSOs solution
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Fig. 14. Anodic polarization curves of Fe-XAl-0.3Y alloys

obtained in 0.7N HxSO;s solution
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43 Fe-XAl-03Y &+ HwWel #234

4.3.1 Fe-XAI-0.3Y 59 #&5d < 9(Passive region)

Fig. 162 01~INE F&=& 23 H.S0s; &HoA Fe-XAl-03Y
(X=5, 10, 14Al wt.%) Fa< 5 AP g3 549 T 99
FWe] SEM A7l S yERd Aot} Fe-XAl-03Y @559 d x4
Az AstE dueo] AAFH YUk Fe5A1-03Y F52 H:S04 &
of A sxed ZA 4A FA E dW o] TALJT Al FFo] T
7t8 Fe-10A1-03Y &3 2 Fe 14A1-03Y @& A ¥2l¢] A
Aom gue) FaE REAHor WA 0.IN H.S0s &9 FollA
Fe-5A1-0.3Y &9 94A #2 %9 zZ7e F 59~94meol &4
F7)1% o 35~106m= == At Al o] 10, 14 wt.% =2 F7Hgol
wha} QA BA Zo] Z7|7t oF 12~05molL &4 A7)E ¢oF 35~24
mzZ QA A FAe] A7 FASHA ZHAsE T 03N HaSOs &
Mo A Fe-5A1-0.3Y9 A 54 %9 A7|e o 59~9.4me)i 324 <
A71E ok 47~129mz 2L 0.IN HX9 Fe-5A1-0.3Y Fol 3
tha stk Al dEFo] Fe-10A1-03Y @52 47 F4 F9o| =217)
= oF 23~35mE H:SOs 0,INell 4 03NZ &Ho 7t Z7pghe] o
g A FAx FrhstAnh 3249 AVl o 24~472mE WERRH.
22} Fe-14A1-03Y%E 03NE F57F F71stod e 9A 74 2 T2 9
E R LPEMW ororth. 05N HoSOs, SdoA:
Fe-5A1-0.3Y9 947 %2 Zo z7|= ok 7~94moln FAe A7)+
°F 59~11.8m% A &3tFrh Fe-10A1-03Y &9 U4A HAe #A7|=
o 47~83mel FHY A7|E F 35~82m% L Fe-14A1-03Y &+
o] QA BAe =Y E ¢ 05~12mo. 2 0.IN Exd uvis) & W37}
aneyd FH9 AXNE o 24~-36me2 FHo]l ti AR A
N9l Fe-5A1-0.3Y &9 2% 0.INel vl 24 4Ad A &0
FEstA gskern 5 ZW AstE gute] AA Ao Yo U=

Ao E BT
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Fig. 16. SEM micrograph of the passive region of Fe-XAl-0.3Y

(X=5,10,14) alloys during polarization in various H>SO. solution
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432 Fe-XAl-0.3Y &7
Fig. 17 Fe-XAI-0.3Y & al Qi
oA e SEM Atzloltt, dmtror RHFe JA9& At FFH T4
oo wute] sy s BAo] shkErky ¢ Aok 01N HSO,
g Fo| X Fe-5AI-03Y @59 A F2 F2o =7]& % 95~10.6m
oli FA9 A7 o 59~9mz e Al o] 10, 14 wt.%e
2 Z7hgel wet A A F9 Avle o 12meld FAe Ae
oF 24/mz S5Al ol vls) A HA F FAe AVIL gAa 2 A
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HlE) 24 lAgE gul Faol FEEA @ken JAY AW ol
glol FAsA F4 ¥t Fe-10A1-03Y &9 A Zo 22 =7
7} <k 4.7~5.3umo] T4 A7le F 7-88mIth Fe-14A1-03Y &+
o] A A ZvlE oF 35molil FA A7]E oF 35me]th 0.1N
HoSOs w0 ¥]8] Fe-5A1-03Y ¥ Fe-10A1-03Y #52 A ¥4

2 FAol A PAHAL Fe-14A1-03Y a2 44 ¥4 2 ¥
Aol o AEE FHE Hiuw ole FEH 99& FHF
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Fig. 1837} 19& 03N = 0.7N¢9 H.S0; & oA Fe- XAl-0.3Y(X=5, 10,
14) F2& 5 AgstE F F5H 4904 Adle] F5E59 WL
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Fig. 20. XRD patterns from the pa%ivation surface of Fe-XAl-0.3Y

(X=5, 10, 14) alloys in 0.3N H-SO4 solution
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45 Fe-XAl-03Y g9 #27]+

451 Fe-XAl-03Y &7 ®A7F

Table 3& H.S0; &9 ZFoA Fe-XAl-03Y(X=5, 10, 14) &5 &=
A8 5 248 AA AN o), B4 AF BETon), A F4 AF 2
(L) ZH7be) BES AEste YEld Flolth Fig. 23& HS0s §de
ET7t 01~INSZ Z7i3te] wiat Zt FFE] AAWAE AT A
02 Fe-5A1-03Y Fae ¢F -553~-528mV, Fe-10A1-03Y &2 o
569~ -522mV, Fe-14A1-0.3Y &5 ¢ 587~-536mVE HA T 7h8)
Aot o] deleE 37 43 Az H.S0s &4 FE7F FIHETE
Fe-5A1-0.3Y, Fe-10A1-0.3Y, Fe-14A1-03Y &= #Ad A=
Y=AX+BA>0)2] AAAQ Aoz ZF71%th Fig. 242 HxS04 &4 9]
2e7 01~INO2 Z718e wet 72+ 25 2 Wi BEE =73
3 Ao Fe5A1-03Y #ae ¢ 08~176mA, Fe-10A1-0.3Y o2
ok 05~94mAE Z7}8l9 3 Fe-14A1-03Y &3 o 04~43mAE F
7bskget. o] dolElE ¥ ®A3 A Fe-5A1-0.3Y, Fe-10A1-0.3Y,
Fe-14A1-03Y &2& UA AF 2% o] Y=AX+BA>0)Z A=
Z7lete= A4S »grh 12y Fe-10A1-0.3Y 2 Fe-14A1-03Y &5 9
BA A8 A 7]L7]E Fe-5A1-03Y0l Hl8) ok 12 2 1652 ast
o AgjAoz e Aol 5 s ¢ & AU Fig. 5%
H.SOy 9o Fwv 01~INOo® ZF7igo] wet z2t a5 A4 +
A A D2 ekd Aotk Fe-5A1-03Y &5 & oF 33.2~304.8mA,
Fe-10A1-03Y @2& ¢F 143~1157mA, Fe-14A1-03Y @52 ¢ 44~
116mAR Z71stgth o] dolBe eA¥AE Hasteto] 39 £
A3 V=AX+BA>0) 02 Al ZF7hste A4S B, Ale] &%
o] Z7}E Fe-10-03Y, Fe-14A1-03Y &&9 94 A7 2= 7127
= Fe-5A1-0.3Y0] uls) ¢k 1/32 #Aadted ¥4 A=7F E3H= AT
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Table 3 Electrochemical parameters of Fe-XAl-0.3Y alloys

derive from polarization curves in various Hz504 solutions

Parameter Ecorr Leorr Lerit

Alloy (mV) (mA) (mA)
5Al -533 0.8 33.2

0.IN 10Al -569 0.5 14.3
14Al -287 0.4 4.4

5Al -520 1.5 91.8

0.3N 10Al -548 1.4 21.2
14Al -571 1.2 94

5Al -b11 1.4 127.3

0.5N 10Al -536 5.7 46.2
14Al -048 3.5 29.8

5Al -524 13.2 216.6

0.7N 10Al =527 9.4 69.7
14Al -540 3.8 36.5

5Al -528 17.6 304.8

IN 10Al -b22 8.7 115.7
14Al -536 4.3 116
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Fig. 23. Ecorr of Fe-XAl-0.3Y alloys

as a function of various H:SOy4 solutions
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as a function of various H2SOs solutions
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Fig. 25. Iense of Fe-XAl-0.3Y alloys

as a function of various H2SOs solutions
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a2 FAY .%}@01 o} Atk %7 FEEH FABNA
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o] A7 Aztaly AH WErp Faste] o] EstH AR A
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3Fe(OH): — FesOs + 2HxO+ 2H + 2e (4.4)

FesOs + 8H — Fe’' + 4H:0 + 3e ' (45)

FeO3 + 6H° — Fe” + 3H0 + Ze (4.6)

2A1" + 3H:0 — ALO; + 6H (4.7)
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5. 48

u
2

Fe-XAI-0.3Y(X=5, 10, 14) &§FES H:S0: & FolA TH9 &
s Eaol Al g% 2 g9 ¥ Wad e FIe H7] B9y
7 BAol e @ AES SEM, SEM/EDX ¥ XRD=E #4% 4
e 21k,

i o
oZ:
—{m

B}
A<

2 28

o

o3}
=

1) HoSOs &9 557t 01~INSeZ Z7Hghe] meh Fe-XAl-0.3Y(X=5,
10, 14) 559 A FAEdE R B4 dFLEE Y=AX+B(A>0)9
Ax ez Frlstdn UA FAEEe] S Fe-5A1-0.3Y &eol #
3 Fe-10A1-0.3Y ¥ Fe-14A1-0.3Y a9 9A FAEE 71&7]= ¢

/102 4 AErk GA=AY B4 AFUE FARSEE Fe-5A1-03Y
o ¥s] Fe-10A1-03Y ¥ Fe-14A1-0.3Y &5 24 &£=+ o 1/2 ¥

oF 1/5% 7tAdtg4rt) o] Ao 2 Fe-5A1-0.3Y 2 Fe-10A1-03Y &&rth
Fe-14A1-03Y &3¢ WaAdo] 584t

2) Fe-XAl-0.3Y(X=5, 10, 14) 5 E<2 Active, Passive, Transpassive

region?] FFAQA £F FX9 FHE HEPRALH F H9 £5 23
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