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Effect of Zr Addition on Tensile Property of Fe—Al Based Alloys at Room Temperature

Jun-ichi MACHIDA, Satoru KOBAYASHI, Yasuyuki KaNENO and Takayuki TAKASUGI

Synopsis

: Mechanical properties of thermomechanically processed Fe-33at%Al and —38at%Al intermetallic alloys containing Zr (0.2—1.0 at%) were in-

vestigated by means of room-temperature tensile test and hardness test. The Zr-added ternary alloys showed fine-grained microstructure con-

taining large (Fe, Al),,Zr 7, phase particles, whereas the binary Fe—Al alloys showed a single phase microstructure consisted of coarse recrys-

tallized grains. Yield stress was controlled by Hall-Petch rule and increased with decreasing grain size. Tensile elongation was controlled by

the second-phase particles and decreased with increasing the volume fraction of the second-phase particles. Ultimate tensile stress was affect-

ed by the second-phase particles when the alloys were composed of fine grain size while it was affected by the grain size when alloys were

composed of large grain size. Vacancy hardening which was significant in the alloys with high Al contents (i.e., Fe-38Al) was reduced by in-

troducing the large 7, phase particles.

Key words: intermetallic compound; Fe—Al based alloys; microstructure; second phase particle.
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Fig. 1. SEM images of (a) Fe-33Al and (b) Fe—33A1-0.5Zr alloys recrystallized at 1273K for 1 h and then vacancy-eliminated at

673K for 120 h after hot rolling at 973K.

Table 1. Volume fraction of the second phase particles (%) and the average grain sizes (um) of the Fe—Al intermetallic alloys used

in this study.

Volume fraction of second

Grain size ([m)

Atloys phase particles (%) 1073K-1h  1273K-1h  1373K-2h
Fe-33Al 0 —o 718 850
Fe-33A1-0.27r 2.1 — 7 91
Fe-33A1-0.5Z 6.5 30 47 88
Fe-33A1-1.0Zr 12.0 18 35 —e9
Fe-38Al 0 _o 536 e
Fe-38A1-0.5Zr 6.8 18 37 _m
Fe-38A1-1.0Zr 123 19 2 e

—: Not determined due to partially-recrystallized microstructure.

—"No data.
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Fig. 2. Yield stress (0.2% proof stress) as functions of (a) (grain size)~

Yield stress (MPa)
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12 and (b) volume fraction of the second phase particles for

the specimens that were annealed at various temperatures and subsequently vacancy-eliminated at 673K for 120 h.
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Fig. 3. Ultimate tensile stress (UTS) as functions of (a) (grain size)”

Ultimate tensile stress (MPa)
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2 and (b) volume fraction of the second phase particles for

the specimens that were annealed at various temperatures and subsequently vacancy-eliminated at 673K for 120 h.
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Fig. 4. Tensile elongation as functions of (a) (grain size)™' * and (b) volume fraction of the second phase particles for the speci-
mens that were annealed at various temperatures and subsequently vacancy-eliminated at 673K for 120 h.
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Fig. 5. SEM fractographs of the specimens that were annealed at 1073K for 1h and subsequently vacancy-eliminated at 673K for
120 h; (a) Fe—33Al, (b) Fe-33A1-0.5Zr. Observation was carried out on the specimens that were tensile-tested at room tem-

perature in vacuum.
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Table 2. Micro-Vickers hardness for the specimens an-
nealed at 1073K and 1273K, and at 1073K fol-
lowed by vacancy-elimination-treatment at 673K

for 120 h.
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Alloy 1073K-1h 1273K-1h +1:77;]?_11;0h
Fe-33Al 282 281 264
Fe-33A1-0.5Zr 290 291 275
Fe-33A1-1.0Zr 292 295 288
Fe-38Al 334 375 247
Fe-38A1-0.5Zr 289 326 272
Fe-38A1-1.07r 296 347 284
Lan, Fe38ALROGE TR ZIARMIC K DB S MK P L
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éiél—: U %A, BRLOREIZBERRRE 05 2 kD F i
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Fig. 6. Changes in yield stress and elongation of Fe—33Al
and Fe-33Al-0.5Zr alloys by vacancy elimination.
The specimens were annealed at 1073K for 1h and
then vacancy-eliminated at 673K for 120 h. Tensile
tests were conducted at room temperature in vacu-
um.

Vacancy Hardening & #{I{fi] 4" 2 ShRAFEH L T2 FH LR
THIN D, 22MRFIZ & % Vacancy Hardening #Iiil D ¥
L LT, BoHKFAHFET 248 TIE, BERTORM
e, & 5 I IRRIR T O 22 FLER 25 BB R 1 B2 £L A3 L
IV LEIOND, KESRTIHPSNIZ K SHR1E
OmWMIM, Tabs, RO & 5 2k FE AL
&2 MYy 2R TREOEMMBEL, Zhb
REHZZILOMERET 452 72E 206N 5, OATRENE
E LT, BVAREMICH % Zo /BB R T 2% Vacancy & 50
DEXBYARILBE A FREXEID L N5 H X LD
Eibhs,
3-5 IRIEMEE

Fig. T ElR - KRB IZH T 25RO EH 27O
RREERGEEE LORLZRKIT, RO 72012505 - H2e
HORBREFHEL CTh S, F2MNTORE (KFEE)
Bbod, BEEPTOMPIZHRTRETOMP*IEETD
ARHZI B W TR E LK T LT, K&EFIERBR COHM
2 R RCId BN E BB A, 2R T & ek
TR ABNAL AR L, Fig. 5128 S hzHzEh
TOMRERCTH o7, 22T, mBEHRHRICKDEE
HRE (BHEHRR) BEMLL AV D0, MUHIERE <2
%3 FIE, TIALREEB{LAD RS BRELAY T
BEBED SN TH D KEBRD 5FERTH 5,
SEELAmOBREN L, BISEPICEET 2 KELH
IS & > THEC T RDBEFOEME L RMERTIC ST
SARE N, RFRARZELIMBNEBIRAL, KREIZEE
T5 2 L THIENE U A2EN A ARENIRS TH 529, L
7o 35T, BRIEHALIIMB T TORRFEFOILEL - HED
2D 5 5 HERNEIEE 2SEC UNE A OFREE) 5
AICEHF BN D . SBEMLAMO BRI ERIT 0L
ONPPREINTOBH, TD S b ICRAS R 2 e &
L1, 8 Niy(Si, Ti) ® Co, TiDH &, Mkl & & U158 24k

47

Fe-AlAEA GO B IRRHMEI BT § Ze RO 552

T T T T T T
O 0 33Al 1
r O O 33A00.2Zr A
15 A A 33A10.5Zr
e ® 0 38Al 1
o~ L A A 38Al0.5Zr
X L J
< | © in vacuum
s L | i
S 10 T e a A
@ (s 3 2t
o I “a ]
W 5L a ]
[ o ]
r 8 in air N
ol . B ! L A&,
0 2 4 6 8
Volume fraction of the second phase particles (%)
Fig. 7. Tensile elongation of the specimens that were an-

nealed at various temperatures and then vacancy-
eliminated at 673K for 120h. Tensile tests were
conducted at room temperature in air and in vacu-
um, respectively.
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