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Abstract

Effects of Al and Cr alloying elements on the corrosion behavior of Fe-Al-Cr alloy system was investigated
using potentiodynamic and cyclic potentiodynamic polarization tests(CPPT) in the H,SO, and HCI solutions.
The corrosion morphologies in Fe-Al-Cr alloy were analysed by utilizing scanning electron microscopy(SEM)
and EDX. It was found that the corrosion potential of Fe-20Cr-20Al was highest whereas the critical anodic
current density and passive current density were lower than that of the other alloys in 0.1 M H,SO, solution.
The second anodic peak at 1000 mV disappeared in the case of alloys containing high Al and low Cr contents.
Pitting potential increased with increasing Cr content and repassivation potential decreased with decreasing
Al content in 0.1 M HCI solution. Fe-Al-Cr alloy containing high Al and Cr contents showed remarkably
improved pitting resistance against CI™ attack from pit morphologies.
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Table 1 The chemical composition of samples investigated
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Fig. 1. Anodic polarization curves for Fe-(5-20)Cr alloy
in 0.1 M H,SO, solution at 25°C.

Fe—C(rE-l:;i )alloy Fe Cr Al Fe-C(r;%i )alloy Fe Cr Al
Fe-5Al bal. - 5.0 Fe- 5Cr-10A1 bal. 5.0 10.0
Fe-10Al bal. _ - 10.0 Fe-10Cr-10Al bal. 10.0 10.0
Fe-15A1 bal. - 15.0 Fe-15Cr-10Al bal. 15.0 10.0
Fe-20Al bal. - 20.0 Fe-20Cr-10A1 bal. 20.0 10.0
Fe-5Cr bal. 5.0 - Fe- 5Cr-15A1 bal. 5.0 15.0
Fe-10Cr bal. 10.0 - Fe-10Cr-15Al bal. 10.0 15.0
Fe-15Cr bal. 15.0 - Fe-15Cr-15Al bal. 15.0 15.0
Fe-20Cr bal. 20.0 - Fe-20Cr-15Al bal. 20.0 15.0
Fe- 5Cr-5Al bal. 5.0 5.0 Fe- 5Cr-20Al bal. 5.0 20.0
Fe-10Cr-5A1 bal. 10.0 5.0 Fe-10Cr-20Al bal. 10.0 20.0
Fe-15Cr-5A1 bal. 15.0 5.0 Fe-15Cr-20Al bal. 15.0 20.0
Fe-20Cr-5A1 bal. 20.0 5.0 Fe-20Cr-20Al bal. 20.0 20.0
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Fig. 2. Anodic polarization curves for Fe-(5-20)Cr-5Al
alloy in 0.1 M H,SO, solution at 25°C.
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Fig. 3. Anodic polarization curves for Fe-(5-20)Cr-15Al
alloy in 0.1 M H,SO, solution at 25°C.
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Table 2 Corrosion potential(E.), critical current density for passivation(l,) and critical current density for passive region
(1,) of Fe-Cr-Al alloys with variations in Cr and Al contents after anodic polarization measurement in 0.1 M

H,S0O, solution
Ecorr Ia I Ecorr Ia I
Fe-Cr-Alalloy |\ viSeR) | (Aemd) Aoty | FeCrAlalloy | vigep | (aemd) (Alcr?)
Fe-5Al -590 ND ND Fe- 5Cr-10Al —584 1.2 x 10 70%x107?
Fe-10Al —490 1.5%x 10" 8.5x%x107 Fe-10Cr-10Al —598 20x10° 6.0x10°
Fe-15Al -550 9.0x 10 1.5x10° Fe-15Cr-10Al —584 2.0x10* 5.0 10°
Fe-20Al —-480 2.5%x 107 2.0x10* Fe-20Cr-10Al1 =361 1.1x 10" 4.5x10°
Fe-5Cr -580 1.2x 10" 40x10* Fe- 5Cr-15Al —-589 9.0x 107 55x 10*
Fe-10Cr ~550 9.5%10° 7.0x10° Fe-10Cr-15Al —-580 1.5x 107 1.5x 107
Fe-15Cr -580 3.0x10° 6.0x10° Fe-15Cr-15Al -371 1.5x10° 1.1x10°
Fe-20Cr -560 1.5x 10 20%10° Fe-20Cr-15Al -359 25x%x10° 3.0x10°
Fe- 5Cr-5Al —-581 6.0%x10? 2.0x10° Fe- 5Cr-20Al -607 3.5%x107° 1.0x 103
Fe-10Cr-5Al —581 3.5%x 107 1.5%x10° Fe-10Ct-20Al —563 1.2x10° 1.1x10*
Fe-15Cr-5Al —581 2.5%107 7.0%x 10 Fe-15Cr-25Al -253 12x10* 3.5x10°
Fe-20Cr-5Al -233 5.5x10° 6.0x10° Fe-20Cr-25Al -0.08 9.0x10% 1.5%x 107
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Fig. 4. Active current density(i,) of Fe-Cr-Al alloys with
variations in Cr and Al content after anodic
polarization measurement in 0.1 M H,SO, solution
at 25°C.
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Fig. 5. Cyclic potentiodynamic polarization curves for

Fe-(5-20)Cr-5Al alloy in 0.1 M HCI solution at
25°C.
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Fig. 6. Cyclic potentiodynamic polarization curves for
Fe-(5-15)Cr-10Al alloy in 0.1 M HCI solution at
25°C.
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Fig. 7. Cyclic potentiodynamic polarization curves for
Fe-(10-20)Cr-20Al alloy in 0.1 M HCI solution at
25°C.
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Fig. 8. Corrosion potential of Fe-Cr-Al alloys with

variations in Cr and Al contents after CPPT in
0.1 M HCl solution at 25°C.
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Pitting potential of Fe-Cr-Al alloys with variations

in Cr and Al contents after CPPT in 0.1 M HCI
solution at 25°C.
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Table 3 Corrosion, pitting and repassivation potential values of Fe-Cr-Al alloy with variations in Cr and Al contents

after CPPT in 0.1 M HCI solution

Fe-Cr-Al alloy (m\l;::C§TCE) (mvp?éth) (m\EEPCE) Fe-Cr-Al alloy (m\lfizcngE) ' (mVE;})Sit(JE) 4 (m\le:EI)CE)
Fe-5Al 2560 ND ND Fe- 5Cr-10Al 460 210 400
Fe-10Al 500 ND N.D Fe-10Cr-10Al 530 140 2200
Fe-15Al 570 ND ND Fe-15Cr-10Al 410 Z100 2230
Fe-20Al 2580 ND ND Fe-20Cr-10Al 390 80 _180
Fe-5Cr 259 ND N.D Fe- 5Cr-15A1 500 2120 3340
Fe-10Cr 480 ND ND Fe-10Cr-15AI 460 80 290
Fe-15Cr 510 N.D ND Fe-15Cr-15Al 430 20 310
Fe-20Cr —600 ND ND Fo-20Cr-15Al 120 +40 ND
Fe- 5Cr-5Al 430 ND ND Fe- 5Cr-20Al 510 2270 350
Fe-10Cr-SAl 560 2100 2200 Fe-10Cr-20Al 490 30 3320
Fe-15Cr-5Al 7500 50 2250 Fe-15Cr-20Al 470 60 2380
" Fe-20Cr-5Al 400 20 230 Fe-20Cr-20A 450 1180 390
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Fig. 10. SEM micrographs showing corrosion behavior
of {a) Fe-5Al, (b) Fe-15Cr-5Al, (c) Fe-15Cr-15Al
alloy after CPPT in 0.1 M HCl solution at 25°C.
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Fig. 11. Pit morphology and EDX results of Fe-15Cr-
20Al alloy after CPPT in 0.1 M HCI solution at
25°C; (a) pit morphology, (b) EDX results in pit,
(c) EDX results on the corrosion surface.
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