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ABSTRACT

Effects of Mo and Hf Additions on Microstructure and
Mechanical Properties in Fe-Al-Cr

Kim Wan Young

Advisor . Prof. Hyun Kyu Lee
Department of Metallurgical & Materials
Engineering

Graduate School of Chosun University

After Fe20Al6Cr intermetallic compound gaining Mo and Hf was
manufactured using Opsprey Forming Process for practical use of Aluminum
inter-metallic compounds, the microstructure and mechanical properties of the
alloy as well as the skill of casting used by Osprey Forming Process were
researched.

FeAlCr intermetallic compound was manufactured by Osprey Forming
Process in order to improve the ductile of FeAlCr intermetallic compound in
room temperature and the working of the compound and to lower the cost of
production.

The microstructure of Fe20Al6Cr intermetallic compound was changed from
the coarse equiaxed structure to the minute equiaxed one because of the
addition of Mo and Hf. In addition, the effect of adding Mo and Hf for being
minute of grain refinement was shown O0.1Hf < 05Hf < 1.0Hf. When the
element of alloy is added to the order structure, it changes the microstructure
because the optional replacement of the third element or the fourth element in
the specific lattice point changes the interaction energy between the elements.

When the both 1% Mo and 1% Hf are added to the basic alloy, Fe20Al6Cr,
compared to Fe20Al6Cr, the phases of 4-5 elements alloys of Fe-Al-Cr—-Hf and
Fe-Al-Cr—-Mo-Hf in which Hf 1s highly segregated in grain boundary

decreasing Fe, Al, and Cr contents in grain are formed.



As the result of analyzing XRD of Fe20Al6Cr intermetallic compound, FeAl
phase was shown and it was known that the XRD aspect of B2structure had a
superlattic peak not a basic peak.

The rates of hardness and yield strength of Fe20Al6Cr intermetallic
compound were increased after Mo and Hf had been added in it. The numeric
value of microvickers hardness of Fe20Al6Cr alloy without Mo and Hf was 471
HV but the numeric values of Fe20Al6Cr1Mo0.1Hf, Fe20Al6Cr1Mo0.5Hf, and
Fe20Al6CrIMolHf alloys, when Mo and Hf were added in them, are 489, 510,
and 540 respectively increasing their hardness. In addition, when the third
element was added in the results above, both hardness and strength of it were
increased by showing precipitation hardening and solid solution hardening
occurred by the second phase in grain and in grain boundary.

The aspect of fracture surface of Fe20Al6Cr intermetallic compound
represented the typical brittle fracture cleavage surface and if Mo and Hf were
added in 1it, the aspect of fracture would be changed from cleavage into
intergranular and the aspect of fracturesurface gaining 1Mo and 0.5Hf would be
changed into the mixed form of intergranular and partially cleavage, the aspect

of fracture surface gaining 1Mo and 1Hf would be changed into quasi-cleavage.
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1. Melt Superheat
2. Melt Flow Rate
3. Gas Pressure

4. Spray Motion
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Fig. 1. Independent Process factors in the Osprey process.
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Table 1.

Physical properties of some intermetallic compounds.

youngs
) ) modulus/
crystal melting Density .
Compound fruct ; ) | (Ke/m) density
structure emp. m _
P £ (MNmKg ')
) Ll
NizAl 1390 7500 45
(ordered fcc)
NiAl Bz(ordered fcc) 1640 5900 35
Ti:Al DOjy(ordered hcp) 1600 4200 50
] Lly(ordered
TiAl 1460 3900 24
tetragonal)
FeAl Bs(ordered bcce) 1250-1400 5600 47

- 14 -
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Fig. 5. Unit cell in Fe-Al system.
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and <100> slip vectors.
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Fig. 6. Synthesized powder XRD pattern of the B: FeAl-ordered.

_23_



100F (220)
80F
2 o
wn
o
9 40}
£
(422)
20k
{100}
[””{;oo; L
- {311
I A e
20 30 40 50 B0 70 80 a0

26

Fig. 7. Synthesized powder XRD pattern of the Ds; FesAl-ordered.

- 24 -



A3 A28 %4

A A

A 14 AFA AF L A

L= =]
R

] 2]
FAR(wWt%) 2 A g

AAS Fe-20A1-6Cr¢= ¢ AlE+& Table 24 H
Gl 2ol A me &t
3 7

b2 230 APAE A=

ok L
T x4 ol

} oo
T AFHE

. o1 F A

5O F Osprey AlAS o] &3] Table 3

s =

°© H

_4

5

2 F4AEY 50~100C

1~l

HANE = ATtz 9k §7 Cordierite 7] ¥
29 240rpm o & 3] d 3} o},
8AH W FH ] HAPAE E2
Al iAol e Ao WEts BEe] Al A
o]
3}

3 A 9]
5 A # 3t Emission Spectromer AnalysisZ

Al

g9, /¥

bz

Ri

As vl g Aole 9

2} 2}

}‘

_>|L

Al

r—{n:

ki3

vt

fud

[‘EE

A

mlru
1~N

249 Aol g TUY

Al 24. Osprey AF A Vx9} 717

=4

o)
= I

Osprey 4@ A9 WL Fig. 98 o] op=7]d 2 AgE ol §5to]
S X

JHAS FYol wet 7Fste] Fu6kY
BALANCE CORP. LTD.A} A% 2] 9 ID-300W2A 17 A &

At o] g3k a3t

o
AR

\:.1

Al g

gl
==}

a. =

71 3 &% Image AnalysisE

_25_



Table 2. Chemical Analysis of each sample in FeAl

alloys.(wt. %)

SAMPLE Fe Al Cr Mo Hf
1 bal. 20.0 6.0 0 0
2 bal. 20.0 6.0 1.0 0.1
3 bal. 20.0 6.0 1.0 0.5
4 bal. 20.0 6.0 1.0 1.0
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Table 3. Osprey Processing Conditions.

Atomizing pressure (MPa) 1.00
Nozzle protrusion (mm) 19.0
Nozzle dia. (mm) 4.5

Boron Nitride stopper
Stopper rod

Rod

Withdrawal rate of collector (mm/s) 0.9

Time of spray (s) 45

Gas flow ratio 1.17

Rotation speed of collector 240
(rpm)

method of cooling air
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Fig. 8 Fe-20Al-6Cr Alloy preform by Osprey

Forming Process.
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Fig. 14. Schematic diagram of experimental procedure.
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Fig. 15. Density of Osprey forming products with radius.
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(b) Boundary

Fig. 16. Distribution of pore in the Osprey Forming product.
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Fig. 17. SEM micrographs showing variation of microstructure in

FeAlCr alloys.
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Table 4. Grain size of each composition in FeAlCr alloys.

SAMPLE Grain size((m) Grain shape
1 Fe20Al6Cr 491 Equiaxed grain
2 Fe20A16 CriMo0.1Hf 251 Quasi-equiaxed grain
3 Fe20A16 Crl1 Mo0.5Hf 154 Quasi-equiaxed grain
4 Fe20A16 Crl Mol Hf 116 Quasi—equiaxed grain

_43_




T wasia gl

Cr
o 7= BN AT JFS vHY] "oz AAdEY, ol o
Ao A= AL AF7F Hojop & Aoz By,
Fig. 18, Fig. 19, Fig. 20 ¥ Fig. 21 Fe20Al6Cr &+=E9 EDS #4435 v

Bl glom 7]E 359 Fe20Al6Cr @72 A5 AZod HHdd g5 =4
7B A9 dxsgort, 74 1%Mod 1%HIE 23 H7bsk A% Fe20Al6Cr &

o vl AA HW(grain)e Fe, Al ¥ Cr ¥

0¥i
N
2
il
)
x
i
ol
{0,
[
il
o
iR

7} obd A A(grain  boundary)el Hfe] n¥E2  HA®  Fe-Al-Cr-Hfy
Fe-Al-Cr-Mo-Hf¢] 4-597 #§34& IAsFn &S RHgFu v &4
Fe20Al6Cr &5 %4l 1%Mo3t 0.1%HfS 23 H7lste 7 -$olE, Fe20Al6Cr
ool vl Jdue Fedt Cro #dHe o=

9
>
2
flo
ol\
N
ol
ol
K
=
o
-°
o
)
=

Hulo SFEZ SFELS FHEHA AFS & F doy o 99 YAAE Hf
A2 HE Fe20Al6Cr &=l Mod HfE 7t
& AgolE YAl Hfe]l == AA Ao Faade] dS Aok oW Mo
of #AlE oFo] Hfwthes AAAR thaFe] FaAde] FAHN, 7]
Hfel &S T7HAAS we Aol Axw o Fa489 ol thAl gasialch
Fig. 22%  Fe20Al6Cr, Fe20Al6CriMo0.1Hf,  Fe20Al6Cr1Mo0.5Hf 2
Fe20A16CrIMolHf =4 9] AlFo] thd XRD ¥4 ZAzlojty, Alg9 F4E bulky
o2 P& e AAHOR I A(peak)?] Fo] WL, FeAldo] 713 Aaxke] v}
_/':

Bo ARES PEdos wE Fo dunt wE2YA gl AL ¥

- 44 -



Counts

15000~
Fe
10000—
5000~
Cr ||Fe
Al
Fe Cif
T T T T
5 10 15 0
Energy (keV)
(a) Fe20Al6Cr (b) 1 point
Counts Courts
13000
Fe F2
10000 — 10000—
4000 3000~
Al Cr || e cr ||Fe
Fe Al
L W Fe ¢
T T T T T T T
0 1 15 0 § 10 15 a0
Energy (kel) Energy (kel)

(c) 2 point

(d) 3 point

Fig. 18. SEM images and EDS analysis of Fe20Al6Cr

alloys.
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Fig. 19. SEM images and EDS analysis of Fe20Al6CriMo0.1Hf alloys.
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Fig. 20. SEM images and EDS analysis of Fe20Al6CriMo0.5Hf alloys.
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21. SEM images and EDS analysis of Fe20Al6CriMolHf alloys.
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22. X-ray diffraction patterns.
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(c) (d)

Fig. 23. TEM micrographs showing [110] diffraction pattern(a), grain

boundary(b), bright field(c), and B2 dislocation structure(d).
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Fig. 24. The results of micro-vickers hardness on FeAlCr alloys.
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(c) Fe20Al6CriMo0.5Hf (d) Fe20A16CriMol.OHf

Fig. 25. Hardness test.
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Fig. 26. The stress—strain behavior on each composition of FeAlCr

alloys.
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(c) Fe20A16CrlMo0.5Hf (d) Fe20Al6CrlMol.OHf

Fig. 27. SEM fractographs on each composition of FeAlCr alloys.
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Table 5. Fracture modes on each composition of FeAlCr alloys.

SAMPLE Fracture Mode
1 Fe20Al6Cr Cleavage
2 Fe20A16CriMo0.1Hf intergranular

3 Fe20A16 Cr1Mo0.5Hf

intergranular+ Cleavage

4 Fe20Al6Cri Mol Hf

Quasi-Cleavage
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