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Effects of Titanium, Hafnium and Zircornium Alloying Elements on
Microstructures and D0, < B2 Transition Temperature of
Fe-30Al1-5Cr Alloys

Sung-Su Kim, Sung-Min Joo™, Seon-Hun Oh, Kwan-Hyu Kim and Dap-Chun Choi

Abstract

The changes in the microstructures and DO, < B2 transition temperature were investigated for Fe-30at.%Al-5at.%Cr alloy with
the ordered DO, structure when Ti, Hf and Zr were added respectively. The addition of Cr has no effect on the microstructure.
However, as the amount of Ti addition increased, the grain size became smaller. Addition of Ti+Hf, Ti+Zr and Ti+Hf+Zr also
showed the similar effect. When 20at.% of Ti was added, the second phase precipitates on the substrate. The addition of Cr, Hf
and Zr alone has no effect on DO, < B2 transition temperature. However, as the amount of Ti addition increased by 5, 10, 15 and
20at.%, the transition temperatures showed 929, 930, 960 and 930°C respectively.
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Table 1. Chemical compositions of Fe-Al-Cr alloys
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Fig. 1. The Fe rich portion of Fe-Al equilibrium phase diagram.
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Chemical Compositions (at.%)

Al Cr Ti Hf Zr Al Cr Ti Hf Zr
1 bal. 30 14 bal. 30 5 20 0.1
2 bal. 30 5 15 bal. 30 5 5 0.3
3 bal. 30 5 5 16 bal. 30 5 10 0.3
4 bal. 30 5 10 17 bal. 30 S 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 5 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
Table 2. Chemical composition of raw materials
Chemical Composions (wt.%)
Fe C Ni S H, loss Others Fe
<0.02 <0.03 <0.01 <0.29 <0.04 99.61
Fe Zn Si Cu Others Al
Al <0.04 <0.006 <0.003 <0.004 <0.011 99.98
Fe Si Al O Cu Others Cr
cr <0.001 <0.001 <0.001 0.003 <0.001 <0.006 99.99
Hf >99.5%
7r > 99 8%
Ti >99.9%
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Photo 1= Fe30AI5Cr &g+l TiE 5, 10, 15 %
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(e) Fe30AISCr+15Ti

Photo 1. Optical micrographs of showing variation of micro-

u)

o2 MEEe] gl EgEAE Yepdn

Photo 2 ¥ 32 Fe30AI5Cr gl Hf, Ti % Zr
< @ e B30T 3 99 nHzA] ARRles
photo 2= Fe30AI5Cr &5+l O0.1Hf ¥ 5~20TiE- =
= - B3ldy) 3 A9F Fe30AISCr+0.1Hf &
M= i AAH =717} 500 umE Fe30AI5Cr &
vl of7F wAgl FEA o= WH3kElM, Fe30Al5
Cr+0.1Hf+5Ti ggollMe 34t 4AH =2717F 250 um
o] 554 P, Fe30AISCr+0.1Hf+10Ti ¥ Fe
30AISCr+0. 1Hf+15Ti gelMe B 4A-A%H =277t
247} 125 um % 62 umel o} viMgE 5E5A4S el
Wl 18]31 Fe30A1SCr+0.1Hf+20Ti 32 4% 9
Al Fe30A15Cr+20Ti &3 FAK8E A 24k Ea)s)
= 24S Jehiel. 28]3 photo 32 Fe30AI5Cr &
Zol| 03Hf ¥ 5~20Ti% % ml Haks] g A
3. Fe30AI5Cr+0.3Hf ¥ 4% o ZAY =
717} ¢F 350 um= Fe30AISCr W) ¢kt v vl
At AiE FE5HE e, Fe30AI5Cr+0.3Hf
+5Ti =2 7% W 2A¥H =277 oF 180 um=
Mg 5548 VAT, 22Y Ee30A15Cr+0.3Hf
+10Ti &9l 73 AAH o] o2 uMsjdl o1t 55



~-18 - Fe-30A1-5Cr =2 A 23] 9 D0,~B2 Heol&xo| m|A|= T, Hf ¥ Zre] H7}83 - A 9

Sy ...r-.,»'

1 50Q¢m

(d) Fe30AISCr+15Ti+0. 1 Hf

',\‘;, ol R R EAR ¥
# L ﬂ&’r\

ol " . 3
’\i“‘v;'«‘r\m 5
4 E *i).{-r "l—uu‘.u‘ “&--ﬂ\ﬁ ?n‘ ?‘}“}z
ol el phg LA L j e
Wf ‘-‘ J Fu
LTy - A
ERCHNINE o oo

(e) Fe30A15C+20Ti+0. 1Hf (e) Fe30A15Cr+20Ti+0.2Zr

Photo 2. Optical m.icrographs of showingvz?.riatic?n of micro- Photo 4. Optical micrographs of showing variation of micro-
structure in Fe30A15Cr alloys with Ti and 0.1Hf structure in Fe30AISCr alloys with Ti and 0.2Zr

concentration. concentration.
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Photo 3. Optical micrographs of showing variation of micro- Photo 5. Optical micrographs of showing variation of micro-
structure in Fe30AI15Cr alloys with Ti and 0.3Hf structure in Fe30Al5Cr alloys with Ti, 0.1Hf and
concentration. 0.2Zr concentration.

(18)



A214W Al1E (2001, 2)

T 3o A

- 19—

AL JeP Y, Fe30AISCr+0.3Hf+15Ti &3] 7%
AR Aol of viMlgt A 24to] FExfEPH, 1)l
Fe30AISCr+0.3Hf+20Ti g2 73-¢ ZAAsA 2} 714
Weoll A 24fe} &zl 2415 Jehdd

Photo 4 % 5= Fe30Al15Cr gl Zr. Hf+Zr U
Tig &5 =1 53M47) 8 w9 vlMz23] Apxle|d}
photo 4% Fe30AI15Cr gl 0.2Zr ¥ 5~20TiE vt
= o= BEAsiel 02 Fe30AISCr+0.2Zr §H2eol
M= FAL el Fe30AI5Cr+0.2Zr+5Ti, Fe30
AI5Cr+0.2Zr+10Ti % Fe30AI15Cr+0.2Zr+15Ti &Htol)
A= Tl EEFe] Fvhgel oel AAig]el uMls]R]d A
o)Al T-EAH o7 WEslal, E3] Fe30AI5Cr+0.27r
+10T1 §haolde= 3 2A-AY 27171 oF 91 pme v
M3} En| Fe30A15Cr+0.2Zr+20Ti &ollx= A 4sl
20Ti A7k} 7-%-9} nlzbIR 2 24} 3323 & vig}
ok, 28T 0.1Hf+0.2Zr 2 5~20Ti8 B33 s)sh
2] 7% 0.1Hf+0.2Zr B3 7l Ms FAR S |
vt 0.1HF+0.2Zr+5Ti ¥ 0.1Hf+0.2Zr+10Ti -8
A7bME 2 Fd 24"l 125um 2 32 um=E
o) Algt $E54E, 0.1Hf+0.2Zr+15Ti B3 7oA =
A4 (dendrite grainys WEPNY | 0.1Hf+0.2Zr+20Ti
B3Pd7) Aol &3 20T 37ke] 7499} ulharlA]
2 4} £ xA]e] FelgElt Table 32 47| mlAlx
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Table 3. Grain shape and size of each composition in Fe30

Al5Cr alloys
No. Grain Size Grain No. Grain Size  Grain
(Lm) Shape (ULm) Shape
] 750 EEG 14
2 750 EEG 15 180 EG
3 125 EG 16 QEG
4 125 EG 17 QEG
5 44 EG 18
6 - 19 QEG
7 500 EG 20 91 QEG
8 350 EEG 2] QEG
9 CG 22
10 CG 23 125 EG
11 250 EG 24 32 EG
12 125 EG 25 DG
13 62 EG 26

(EEG ; Elongated Equiaxed Grain, EG ; Equiaxed Grain, CG ;
Columnar Grain, QEG ; Quasi-equiaxed Grain, DG ; Dendrite
Grain)
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Fig. 2. X-ray diffraction patterns of Fe30A15Cr alloys with Ti

Fig. 4. X-ray diffraction patterns of Fe30Al5Cr alloys with Ti

concentration. and Zr concentration
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A ¢ ° Lo ] oo A %
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(e o J A‘ (o]
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20(CuKoa) Fig. 5. X-ray diffraction patterns of Fe30A15Cr alloys with Ti

and Zr concentration. alloys with Ti, Hf and Zr
concentration.

Fig. 3. X-ray diffraction patterns of Fe30AI5Cr alloys with Ti
and Hf concentration.
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Fig. 32 Fe30AI5Cr+0.3Hf+(0~20)Ti B33 7} 3
wo] XRD ¥4ZAE Hepd ZA2F Fe30Al5Cr+0.3
Hf, Fe30A15Cr+5Ti+0.3Hf, Fe30A15Cr+10Ti+0.3Hf %
Fe30AI5Cr+15Ti+0.3Hf &5 7% 94 Fe,Al &
Ato] Ex)sh}, Fe30A1SCr+20Ti+0.3Hf 9 7
5 Fe,AVd ©]9)9] A 2 9 35l=7} EA8d T
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AL ¥ 71X AR 1, 28 FA] Fe,Al Aol
At A 2ARHIF 3, 4y Fe30AI5Cr+20Ti R
o} Al 5ol F 4% 3718131, Fe 992 494 %
ZAFgg o JA] TiFeAl(t,)e] BRFEA 2AIs)
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o] EjPo s Azl

Fig. 4% Fe30Al5Cr+0.2Zr+(0~20)Ti B337} &
AoZA Ti §¥Fel 15%7MR= Fe,AVdo| EA|3h,

(a) Fe30A15Cr+20Ti EDS results(at.%)
. g Point Fe Al Cr T
I 4584 31.06 496 18.15
2 4290 3220 5.01 19.88
3 3684 31.24 537 2655
4 3716 31.25 534 26.25
EDS results(at.%)
Point Fe Al Cr Ti Hf
1 4390 32.18 501 18.75 0.15
2 43.68 32.54 494 18.65 0.20
3 3398 3401 5.24 26.60 0.27
4 3246 35.08 5.10 27.07 0.29

Photo 6. EDS results of Fe30A15Cr+20Ti and Fe30Al5Cr+
20T1+0.3Hf alloys.
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T3 2 Az

Fig. 5= Fe30Al5Cr+0.1Hf+0.2Zr+(0~20)Ti E&3
7} g o] BAMAAREA JA| T el 15%7H]+=
HA] wHAke] Fe, AVdato] Eadht, Fe30A15Cr+0.27r
+0.1Hf+20Ti 52 ¥l Fe30AI5Cr+20Ti &
Fe30AI5Cr+0.2Zr+20Ti 22 759 o] A 24ke
2 TiFeAl(t, o] EAsl 2™, ARl 7(b)2] EDS
FAAANE st vke) 22 A3E vepdd

o|A}e] AAE AN Hf ¥ Zro| A7l #AIG
o] Ti ko] 15%7HA= ] Fe,AVds “ep)sd
o} Z28]3 Fe30Al15Cr+20Ti, Fe30Al5Cr+20Ti+0.2Zr
2 Fe30A15Cr+20Ti+0.1Hf+0.2Zr &3] A9 Fe,
APYT A28 Al 249 TiFeAlde] 3E319lom,
Fe30A15Cr+20Ti+0.3Hf 3¢ 7-$= 7|x3h22] Fe,
AT Al 24 9 3o g2 AzhEE TiFeAl, ¥
FeAl®] o] ¥E3l 98 a3 A o M
& VeEE A7 &) AT EF elMSE FeAl
Ayo] EA)sle} AT XRD A ZF3} 1 oFo]
Fe30AISCr+20Ti+0.3Hf 59 7-$-¥c} Hel FeAl

(@) F"?’Sg'zsz?*z(m EDS results(at.%)
M(Point Fe Al Cr Ti Zr
1 4576 30.12 490 19.01 0.20
| 2 4438 30.76 4.85 19.76 0.25
3 3495 3251 5.78 2640 0.36
4 40.74 26.65 539 26.65 0.34
(®) F83202lf 8: lr;_-lszTi-l- EDS results(at. %)
Pomt Fe Al Cr Ti Zr Hf
1 447231.05 5.50 18.60 0.13
2 43.1833.05 4.83 18.77 0.17
3 35.12 330 543 25.62 047 0.37
4 34.5632.96 5.81 26.09 0.39 0.20

Photo 7. EDS results of Fe30A15Cr+20Ti-0.2Zr and Fe30A15Cr
+20Ti+0.2Zr+0.1Hf alloys.
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g D0,~B2 Ho]2% (T, W3E vepd Heolq.
Fe30A1 &3¢9 7% D0,~B2 Hel2T: Fig. 19
Fe-Al 294 3] Alel| ol vepd ufel Ze] oF 520
°Colu} Fe30A15Cr @39 A-foll 535°C2 oF 15
°C Z7FERet 7] Bl dFZ23H12,1359 43hd
Cre Fe,Al WAlol] 3185 o] EA3la Ho|&EE oF
A= B3 Sloke Aakel dA3kem,
Fe30AI5Cr+0.2Zr 35 % Fe30AI5Cr+0.3Hf w9
73l 247t 20°C % 25°C $718F o2 Mol Hf
gl 7Zre Aol Eoll= & o] glo] 1 AT
= Zle® ¥ a8yt Table 49M & 5 Sl
ule} 7o) Fe30A15Cr &gl 5Ti ¥ 10TiE A7)s8h
3 Ho|l2%x: oF 929°C B 930°CE =4 713K
3, 15Tis A7k 960°CE A5 vehd o,
20TiE A7 Wl 930°CE <7t ZH4sisict. o
714 STi, 10Ti @ 15Ti A718}F © Ho]%7} 400
°ColA F713 o2 Al 8 Ti®] *|32 B-
B AP} ubdE S FUMA7IH, o] AdZaRgeuA|
7} T, A3} VA E ZAAS] ditel T #@5e] &
7VeE FRge AFE 31188} Fe,Al 3159 4
Hell = A B Ao Re] |4l He) A 97
2| A G4 A S 2 2 359 AA
Al 3] Ao, 3|72 EA AR o
3 Al 3U40] AelA 23] USR] AFEARS- o
VRS vl 2] vHERAlS HIRA FE2TE2E ¢
AAA e g BE3E 2% o5 Qv
Swanns-[12,13]2] ¥ 2R Ayl Ti $A[YA}
Fe sitedll X313 o2 8o Fe,Al®] DO, 725

Table 4. Estimated T, values for Fe-30at.%Al alloy by DTA

Alloy T.(°C) Alloy T.(°C)
Fe-30Al > 28%:;:::;“ Fe-30Al-5Cr-5Ti 929
Fe-30Al-5Cr 535 Fe-30A1-5Cr-10Ti 930
Fe-30A1-5Cr-0.3Hf 540 Fe-30A1-5Cr-15Ti 960
Fe-30A1-5Cr-02Hf 545 Fe-30A1-5Cr-20Ti 930

(22)

o2 TE A AlE A7En, o
¥ Fe,Al 30l Ti, Mo ¥ Sig A7lsld T7F =
A AFE, B3] Fe,Al 5l Sig A7l =g
DO, TE% 2 Fe, St AAHI, o] FeSie &%
ol ¢F 1,250°C7HA] <FA3l7| oEell DO,;—B2 Aol
*7} AMs3lc}= Mendiratta®} Lipsitt[19] 22|31 For-
tnum?} Mikkola[20]] AFEIAAME o] F Fxl &
4 9lv}, 283 Fe30A15Cr+20Ti &3¢ A+
Fe30AI5Cr+15Ti 9] -8 Hol2&x7} ¢F 30
°C ZrAadlded], ol 1183k oJAte s 14-% Tiell
ofs MAE A 249 odgke® E473 FERUt 2AH
o] DO;~B2 Ho| %7} ozt FhA®l A eg Ay7E)

4.4 E
DO, 7EF ZH= Fe30A15Cr 34J2] Fe-AA 57t

E3tEel Ti, Hf B Zrs 22 2 S 2elsl &
5 v 5301 99 mME3, DO B2 Aol
E(T)e] Wdlel| fstd A3 A= vt 2.

1. AR A3} B CrRbE 371 e o
R ekgkew, Tie] Z-yelle AHrigke] 73S
o)A 319l 2, Ti+Hf, Ti+Zr 2 Ti+Hf+ZrS 83557}
g = Tig 7R "ol AL fARE FE d
EPAoy:, 20Ti A7F] 7ol Z1AIWell Al 24ko]
SE3%AT

2. ul|ZA9] Wizl Hf ¥ Zr el fA%le] T
gHeFel 15%7HA= 28] Fe A< deldl o,
Fe30A15Cr &5l 20Ti, 0.2Zr+20Ti ¥ 0.1Hf+20Ti
2] 79l 71R Fe,AVd=} Al 2411 TiFeAl,
(t)e] 3E3lvt. 28vb Fe30A15Cr+0.3Hf+20Ti ¥
9] 7Sl 71X1Q) Fe,Al9lell FeAl# TiFeAl,(t,)
AFe] FE3AH

3. DO;~B2 #Heo|2%x2] Wi Cr, Hf ¥ Zrs =
471 735 Aol o4zt Az, Tl 7
T 7Rl 5, 10 2 15%2 F71sel we} 742t
929, 930 % 960°CE A AMs3lH o}, 20Ti A7}
gee] 7ol Aol %7} 930°CE ol

& 7)

o] TR THAL HFH7)F 24 ATH] ALol
ol =i en, olel ZHAI=R
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