04— g1z 18} 3] A214 A 13 (2001. 2)

B X
Fe-30A1-5Cr a2 71413 A4 2 skl v|X]&=
Ti, Hf & Zr 9] Hr7tas)

;

ddd= - 4l - T2 - 0| - Z[E

Effects of Ti, Hf and Zr Alloying Elements on Mechanical Properties and
Fracture Behaviors of Fe-30A1-5Cr Alloys

Sung-Su Kim, Sung-Min Joo’, Hyung-Gon Joo, Doh-Jae Lee and Dap-Chun Choi

Abstract

Recently, iron aluminides based on Fe3Al and FeAl are ordered intermetallic alloys that offer good oxidation resistance, excel-
lent sulfidation resistance, and potentially lower cost than many high-temperature structural materials. They have better strength,
elasticity to weight ratio and high temperature strength, therefore, they can be cosidered as candidate heat resistance structural
materials for automobiles, ships, airplanes and spaceships applications. The changes in the mechanical properties and fracture
behavior were investigated for Fe-30at. % Al-5at.%Cr alloys when Ti, Hf and Zr were added respectively. For mechanical proper-
ties such as Rockwell hardness and yield strength at room temperature, those were decreased in the case of Fe-30at. % Al-5at.%Cr
alloy then increased in the case of 5at.% and 10at.% addition of Ti alone. However, Rockwell hardness and yield strength
decreased again at 15%Ti then increased dramatically due to the precipitation hardening of the second phase on the specimen at
20%Ti. For fracture modes, cleavage fracture showed in the case of Fe-30at. %Al and Fe-30at.%Al-5at.%Cr alloys. As the
amount of Ti addition changed cleavage to transgranular fracture and to quasi-cleavage fracture at 20%Ti. When Hf, Zr and

Hf+Zr were added respectively, transgranular, cleavage and quasi-cleavage fracture were coexisted.
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Table 1. Chemical compositions of Fe-Al-Cr alloys(at.%)

A4 A4 el T ez s B siophe W)
o REUPAAT 715 Aze) et A TFsL
2AFSISEt

2. AlEeY

FEAIEE A3 VAR Feide Er2AY A
AH B2EER, SCM Co., A210EA 600°Ce] 4
B207] slellA] 121781 RIA{2] & % °F 100 MPa
g gk Ast AL AR % 99.98%2] ingotE
el 7|2 et o 2a3AMFH7|E o AR
Ax -3 Zg AHSsIT AV G %
99.99%2] bulkAH(B A, (Bk)E[LEB TS, Hf ¥ Zrd
7+t 4% 99.5%, 99.8%2] AAAHZEE, Cerac Co.)
= AMslEY. BEEAYE wigkst A7) [JARE of
o}= B ZFRE, Ace Vacuum Co el A{shar,
ING 5% of2F 7kA 597 sholix AEALRE
AAE7] 8l spongeire] Tims A &agt ¥ UA)
2E Saisloct. Alx" AJHS FAIZF 35g2] bark
o2 STl Fekaprl 0.2%0131e] AgkE A=)
o AMS-SI Y. A7) AlHE FA 2R, Lenton
Co.) & AkAts] ¢l574 chamberol] AU, T
ol2Z A H&7] 3lollA] 1,000°CHA 797 FA
3} dx=)dt F 500°CeolA 597t A3 dA=E
sldct. dxj=lgr Al Zizte] A|EA ]| gex 17
AU AGT| 2 Aodste] 78l 2 AR Fx
= 539 AAHLOE ARS8l AL, 2 A
A} 73] oA} EAIT 3o HAAE g, AL

Fe Al Cr T Hf Zr Fe Al Cr Ti Bf Zr
] bal. 30 14 bal. 30 3 20 0.1
2 bal. 30 3 15 bal. 30 3 5 0.3
3 bal. 30 3 5 16 bal. 30 5 10 0.3
4 bal. 30 5 10 17 bal. 30 5 15 0.3
5 bal. 30 5 15 18 bal. 30 5 20 0.3
6 bal. 30 5 20 19 bal. 30 5 5 0.2
7 bal. 30 5 0.1 20 bal. 30 5 10 0.2
8 bal. 30 3 0.3 21 bal. 30 5 15 0.2
9 bal. 30 5 0.2 22 bal. 30 5 20 0.2
10 bal. 30 5 0.1 0.2 23 bal. 30 5 5 0.1 0.2
11 bal. 30 5 5 0.1 24 bal. 30 5 10 0.1 0.2
12 bal. 30 5 10 0.1 25 bal. 30 5 15 0.1 0.2
13 bal. 30 5 15 0.1 26 bal. 30 5 20 0.1 0.2




—26—

Journal of the Korean Foundrymen’s Society

Vol. 21, No. 1, 2001

Raw Matenials
(Fe, Al, Cr, Ti,
Hf, Zr)

Weighing(10™g)

Arc Melting

Heat Treatment
1,000°C, 7days
500°C, Sdays

I

Furnace Cooling

Cutting

Rockwell

Hardness Fracture Behaviors

Yield Strength

Fig. 1. Schematic diagram of experimental procedure.

< SICHYIAIZ #2,0007FA] 4 4vlst A]18-E UTM
(B, United Calibration Co., SFM-20)2.2 F4U|3}5
1400 MPa, Al¥s}54% 0.1 mm/min(strain rate(e ) =
L67X10°SHE st Al@sigly, ALeddd=e
0.2% offsetx}Z 3}gdc) =3 7+ A8e) ZFAshye
AL23] FAA P2 AIPHE spdsle] FARAL
Hu|7Z o g sy}, B d-tollA] AR A|8e] 3
AL 1o e vlel ZA, AAANISA = L
9 13 o}

3. 44t % ¥

3.1 7|A1H HFEdl D|Xl= H7ledxo] HE

O3 2 2 32 Fe30A15Cr §29) TigEre) wislo
g 39 A= o AL 3572 H3E Fe30Al
g9 A9 vjwsie] Jehd Aold. 34 A=
= Fe30Al &9 A% 16H.Colvl, 5Cre #H7hsl
Fe30AI5Cr 352 7% 14H ,CZ RolR = A3FS o}
efdo}. 28 Ti 5 ¥ 10%S A7 Hd Ax
7} A 718l 747t 23 2 25HCE. =9, 15%%
713t 7$olle 21H.CE 47t 748, 20%S A
71 Al 42HCE A 7. =31, AR &
E7}E9 79 Fe30Al 52 475 MPaZ oA H2

(26)

50
40 ?
304
) . .
g og [FE30A] * \.
L u .
10
o+
0 5 10 15 20
Ti(at.%)
Fig. 2. Hardness of FeAlCr alloys with different Ti con-
centration.
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Fig. 3. Yield strength of FeAlCr alloys with different Ti con-
centration at room temperature.
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Fig. 4. Hardness of FeAlCr alloys with different Hf and Ti
concentration.
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Fig. 5. Yield strength of FeAlCr alloys with different Hf and Ti

concentration at room temperature.
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Fig. 6. Hardness of FeAlCr alloys with different Zr, Hf and Ti
concentration.
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Fig. 7. Yield strength of FeAlCr alloys with different Zr, Hf
and Ti concentration at room temperature.
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Al E e ]
(b)Fe30AlSCr+5T1+O ?_Zr+0 IHf

1HF |(d)Fe30AI5Cr+15Ti+0.2Zr+0.1Hf

(e)Fe30AISCr+20Ti+0.2Z2r+0. 1 Hf

Photo 5. SEM fractographs showing variation of FeAlCr alloys
with 0.1Hf+0.2Zr+Ti concentration.
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Table 3. Fracture modes of each composition in Fe30Al15Cr

alloys.

No. Fracture Modes No. Fracture Modes
1 BCF 14 IFM)+ QCEF(S)
2 BCF(M)+IF(S) 15 QCF
3 IF 16 QCF
4 IF 17 QCF(M)+DE(S)
5 IFOM) + QCE(S) 18 BCF(M) + QCF(S)
6 QCF 19 QCF
7 BCF(M) + QCF(S) 20 QCF
8 IF(M)+BCEF(S) 21 QCF
9 IFM) + QCE(S) 22 IF(M)+ BCF(S)
10 IF(M) + QCE(S) 23 QCEFM) +1E(S)
11 QCF 24 QCF

12 IF(M) + BCE(S) 25 QCF
13 IFM) + QCE(S) 26 QCF

(M ; Most, S ; Some, BCF ; Brittle Cleavage Fracture, IF ; Inter-
grannular Fracture, QCF ; Quasi-Cleavage Fracture, DF ; Dimple
Fracture)
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