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ABSTRACT The mechanical properties of Fer36. 5% Al (mole fraction) intermetallic alloy at elevated

temperatures were measured. The resulis indicate that the specific elongation of the alloy increases significantly

with the temperature increasing from 600 C to 1000 'C and the maximum of specific elongation is up to 115%

when the alloy is deformed at 1000 C. T he dislocation features in the alloy were also investigated by transmis-

sion electron microscopy ( TEM) .

There exist not only a large number of gliding dislocation lines but also a

number of helical dislocations in FeAl alloy after deformed at elevated temperatures. All of these dislocations

have a Burgers vector of {111). The climb motion as well as the glide motion of dislocations with 111} Burg-

ers vector is responsible for a good ductility of FeAl alloy deformed at elevated temperatures.
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1 INTRODUCTION

Although B, structural FeAl intermetallic
alloy has an excellent high temperature oxidation
resistance and relative good high temperature
strength, there are rather few researches on high
temperature mechanical properties due to its dif-
ficulty to fabrication. It was reported that the
ductility of FeAl alloy decreases rapidly with
temperature increasing when the temperature is
above 600~ 700 C''~*1.

Research results showed that the ductility of
FeAl alloy increases rapidly with temperature in-
creasing during 600~ 1000 C. It is generally
known that there is a slip system transitting
from <1117{110} to <1007{ 110} with tempera
ture increasing, and there is only <100){ 110}
slip system existing in FeAl alloy when deformed
at elevated temperatures, which are above the
temperature of slip system transition' " 2. Tt
was discovered that the dislocations with <111
Burgers vector still exist in FeAl alloy when de-

formed at 900 C.

2 EXPERIMENTAL

An alloy with composition of Fe36. 5% Al
(mole fraction) was prepared by arc melting un-
der argon using commercial pure iron (99% ) and
aluminum (99.99% ) . The alloy ingots were ho-
mogenized for 24h at 1000 C, then hot rolled at
1050~ 950 C, with a total reduction of 50% ~
60% . Tensile specimens with a gauge section of
12.0mm X 3. 2mm X 1. 0 mm were cut from the
ingots by spark-erosion machine. All specimens
were heated at 820 C for 1 h for recrystalliza-
tion, and then held at 700 C for 2 h for order-
ing. Tensile tests were carried out on a SHI-
MADZU AG-100 kNA testing machine with a
furnace. All specimens were strained to fracture
under tension at a constant cross head speed of
10 mme®min~ '(initial strain rate is about 1. 39 x
10725 1Y in air at temperatures from room tem-
perature to 1000 C. Testing temperatures were
controlled using a thermocouple directly attached
to the gauge section of specimen. Yield strength
was determined using the 0. 2% offset method
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when yielding was continuous. Specific elonga
tion was calculated from the load-time chart a
greed closely with that determined by the mea
sured change in the length of specimen. TEM
foils were cut from the gauge section of a specr
men of FeAl alloy which was additionally an-
nealed at 1 000 C for 24 h for full recrystalliza
tion, strained to 1% plastic deformation at
500 C and 900 C respectively, and then cooled
quickly to maintain the dislocation configuration.
The foils were ion-beam milled using a Gatan
Model 600 with a gun voltage of 5kV and a cur-
rent of 1 mA. The dislocations were imaged us
ing two-beam conditions in an H-800 electron
microscope operated at 200kV. Dislocation anal-
yses were performed using the g* b= 0 invisibilr
ty criterion.

3 RESULTS

Graph of specific elongation and yield stress
as a function of temperature are shown in Fig. 1.
In general, the ductility of FeAl alloy increases
slightly from room temperature to 600 C, how-
ever, it increases significantly when deformation
temperature is above 600 C. When deformation
temperature is 1000 'C, the specific elongation is
up to 115% . The yield stress decrease slightly
from room temperature to 500 C. There is an
abnormal yield effect in the temperature range of
500~ 700 C, above 700 C the yield stress de
creases drastically.

The dislocation features around direction
[112] of Fe36. 5A1 ( mole fraction, %) alloy
deformed at temperature of 500 C examined by
TEM is shown in Fig. 2. The results show that
the defects are mainly dislocation lines as well as
a few of dislocation dipoles (see the arrows).
The dislocation labeled “ 17 is in contrast for g=
110(Fig.2(a)), but is out of contrast for g=
110( Fig. 2(b)) and g= 011 (Fig. 2(d)). Ac
cording to the g* b= 0 invisibility criterion and
common knowledge of usually dislocations of
(111> and/or 100> Burgers vectors existing in
FeAl alloys, the Burgers vector of the dislocation
labeled “17 is [ 111]. On the analyses ahove, the
dislocation labeled “2” is in contrast for g= 101

(Fig.2(c)) and g= 011 (Fig.2(d)), but is out

of contrast for g= 110(Fig. 2(a)) and g= 110
(Fig.2 (b)), thus the Burgers vector of the dis-
location labeled “2” is [ 001]. The analyses of
some dislocations are listed in Table 1. From the
results it was found that the dislocations with a
(111> Burgers vector and with a {100? Burgers

vector are all glissile.
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Fig. I Graphs of specific elongation ( €)
and yield stress ( 0,) as a function of

temperature for FeAl alloy
1—¢& 2—0,

Table 1 Values of g* b under
different two-beam conditions

Burgers vector b
and dislocation No.

Fig. No. g = —
£[111] £[111] [111] £ 001]
_ _ 4 _ 2.3
20a) 110 *I £ 0 0
2(b) 110 0 0 +1 0
20¢) 101 0 +1 0 +1
2d) o1l FEl 0 0 +1

Fig. 3 shows the helical dislocations( see the
areas labeled “ A7) and dislocation loops (see the
areas labeled “ B”) in the FeAl alloy deformed at
900 C. There is a large number of point defects
in the Fe36. 5A1 ( mole fraction, %) alloy due
to its composition deviated from stoichiometry
heavily and many Al sites being empty' >, These
point defects aggregate and then form the square
dislocation loops with a (100? Burgers vector.
The concentration and activity of point defects
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Fig. 2 TEM micrographs showing dislocation configurations in FeAl alloy deformed at 500 C

( Taken under different two-beam conditions)

and vacancies are beneficial to the climb of dislo-
cation during deformation at elevated tempera
tures because concentration and activity of point
defects and vacancies increase with the tempera
When deforming at elevated
temperatures, a thermal fluctuation or internal
stress can cause a small deviating from screw orr

ture increasing.

entation which develops edge components, at

last these edge components can initiate helix for

mation' °". The motion of jogs of screw dislocar
tions with <111) Burgers vector produces the

zigzag configuration, where all segments have

developed some edge component. The signs of
the edge components differ, so that they move in
different directions as they climb by vacancy ab-
sorption. In our study, the discovery of a large
number of helical dislocations existing in FeAl al-
loy indicates that the climb is the main motion
way of the dislocations when FeAl alloy de
formed at elevated temperature.

There are not only helical dislocations and
dislocation loops but also a large number of glid-
ing dislocations in FeAl alloy when deformed at

900 C, as shown in Fig. 4. The Burgers vector
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Fig. 3 TEM micrograph showing helical dislocations and dislocation loops
in FeAl alloy deformed at 900 C

of these gliding dislocations is {111 using g* b
= O invisibility criterion. The result shows that
the glide of the dislocations with {111) Burgers
vector also exists in FeAl alloy besides the glide
of the dislocations with (100) Burgers vector,
even the deformation temperature is as high as

900 C.
4 ANALYSES AND DISCUSSION

The deformation behavior of FeAl in a
range from room temperature to 700 C is similar
to that reported by Baker and Gaydosh, et
al'* ¥ However, there are different results be-
tween ours and theirs when FeAl alloy’ s defor-
mation temperature is above 600 C. With the
temperature increasing, the specific elongation
increases in our study but it decreased drastically
in their studies. It was thought that cavitation
took place during deforming at elevated tempera
tures, thus resulted in the alloys/ fracturing and
failing. It was observed that a great amount of
cavities appeared in the surface of the deformed
alloys. However, in our study it wasn’ t found
any significant cavity in the surface of the de
formed alloy, It is thought that the following

two aspects lead to the difference:

(1) The amount of cavities in the alloy,
which was investigated in our study and prepared
by hot-rolling, is much less than that in the alloy
prepared by powder metallurgy;

(2) The grain size of about 400 Hm in the
investigated alloy of our study is much larger
than that of <20 Pm in their studies. The re
sults reported by Sainfort et al'” showed that
large grain could constrain the cavitating during
high temperature deformation. In the published
paper' *! the formation mechanism of helical dis-
locations and dislocation loops was discussed. Tt
was thought that the helical dislocations with
(111 Burgers vector were formed from the
climb of the dislocation with (111> Burgers vec
tor and the climb was the main motion way of
the dislocations of the alloy when deformed at el
evated temperatures.

There are not only the helical dislocations
with (111 Burgers vector but also dislocation
lines with (111) Burgers vector in the mr
crostructure of FeAl alloy deformed at 900 C. Tt
indicates that even in the temperature as high as
900 C there still exists glide of the dislocation
with <111 Burgers vector besides dislocations
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with {100) Burgers vector in Fe-36. 5A1 ( mole
fraction, %) alloy. This discovery can explain
why FeAl alloy obtains a good ductility when it
deformed at elevated temperatures. The activa
tion of {111){110} slip system can provide five
independent slip systems, which are sufficient
for uniform plastic flow in a polycrystalline alloy
and result in a good ductility for FeAl alloys
when deformed at elevated temperatures. <100
{110} slip system is insufficient for uniform
plastic flow in a polycrystalline FeAl alloy, so a
larger specific elongation occurred in our investr
gation could not be explained only by the glide of
dislocation with <100) Burger vector existing in
the alloys.
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Fig. 4 TEM micrographs showing gliding
dislocation lines in FeAl alloy when
deformed at 900 C

( Taken under different twobeam conditions)

No dislocations with {100) Burgers vector
in FeAl alloy were observed when it was de
formed at 900 C in present study. From this it

can not be thought that there is no dislocation
with (100) Burgers vector in the FeAl alloy
when deformed at 900 C, but it can be thought
that the glide motion of dislocations with <111
Burgers vector plays an important role in the
ductility of the FeAl alloy when deformed at ele-
vated temperatures.

5 CONCLUSIONS

(1) The specific elongation of the inter
metallic Fe-36. S5Al ( mole fraction, %) alloy in-
creases significantly with the temperature in-
creasing when the alloy tensilely deformed at 25
~ 1000 C.

(2) The defects of the Fe36. 5A1 ( mole
fraction, %) alloy deformed at 900 C are main-
ly helical dislocations and straight dislocations,
both with Burgers vector of {111). The helical
dislocations formed from the climb of dislocations
with (111> Burgers vector.

(3) The climb motion as well as the glide
motion of dislocations with {111) Burgers vector
are responsible for the high ductility of the Fe
36. 5A1 (mole fraction, %) alloy when deformed

at elevated temperatures.
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