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It is known that the addition of Cr to the Fe;Al-based alloys leads to an im-
provement in their ductility and other properties. In a given work, dilato-
metric, differential scanning calorimetric (DSC) and internal friction tests
are performed to study the ordering process in stoichiometric and over-
stoichiometric Fe;Al alloys with Cr addition at a constant heating rate from
room temperature up to 1000°C. The results indicate that the addition of Cr
slows the D0;-type ordering process; this can be confirmed by obtained values
of activation energy. Cr addition has also an effect on the mechanical proper-
ties of studied alloys annealed in DO0;-type order domain. The heights and
broadening of three peaks (of X-, Zener-, and Snoek-type) can be changed at
the presence of Cr. X-ray diffraction (XRD) and TEM studies are carried out
at different temperatures chosen from the obtained DSC curves and affirmed
that a rapid quenching just after heat treatment from highest temperature
cannot suppress the formation of B2 ordered particles in overstoichiometric
Fe;Al alloys.

Bizowmo, 1o nogaBauusa Cr go cromiB Ha ocHOBI Fe Al cupuunHse moainienHs
iX IIJIACTUYHOCTU Ta 1HIINX BJIACTUBOCTEM. ¥ JaHi#l cTaTTi BUKOHAHO JUJIATO-
MeTpPUYHi BUDpoOyBaHHA Ta BUIPOOYBaHHA MeToZaMu AudepeHIliiiHOI CKaHi-
BHOI KasmopumeTrpii (JCK) i BHyTpilIHLOr0 TEPTSA 3 METOI0 BUBUEHHS IIPOIIECY
BIOPAAKYBAHHA B CTEXiOMETPUUYHUX Ta HaACTeXioMeTpuuHUX cromax Fe,Al 3
nomaBanHaM Cr mpu cTajiii MIBUAKOCTI HarpiBaHHA Bil KiMHATHOI TeMIleparTy-
pu po 1000°C. HomaBanusa Cr cHOBiJIbHIOE IIpoIleC YIOPAAKYBaHHSA 3a Hak-
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CTPYKTypHUM TuUnoM D0, 110 miATBEPIKYETHCSA OLePKaHMMU 3HAUYEHHAMU
eHeprii akTusamii. [logaBaHHA XpoMy BILIMBA€E TaKOXK HAa MeXaHiIUHI BjacTH-
BOCTi JMOCTiIKEeHUX CTOIB, BiamaseHux B obaacti DO0s-mopsaaky. Bucoru Ta
pos3mupeHHa TPhoX MHiKiB (3imepoBoro, CHyKoBOro Ta X-TUIY) MOMKYTH 3Mi-
HIoBaTHucA B npucyTHocTi Cr. Pentrenogudpakmniina ananisa Ta rpancmiciiiaa
eJIeKTPOHHA MiKPOCKOMis, BUKOHAHI 3a PisHUX TeMIlepaTyp, 00paHux Ha mifc-
taBi ogep:xanux [[CK-KpuBux, miATBepaUIN, ITI0 IIIBUAKE TapTyBaHHA Bif ca-
MOi BHCOKOI TeMIepaTypHu 3pasy IIicJid TeILJIOBOTO 00POOJIeHHA He MOKe IPUT-
HiTUTH GOpMYyBaHHSA BIOPAJKOBAHUX YaCTUHOK TuUly B2 y Hajgcrexiomerpuu-
Hux cromax Fe;Al.

NsBecTHO, uTo mobaByienue Cr K cmiaBaM Ha ocHOBe Fe;Al mpuBoAuUT K yiIyd-
MIeHWI0 WX IJIACTUYHOCTHA U APYTUX CBOMCTB. B maHHOII cTaThe BBLIMOJIHEHBI
IUJIATOMETPUYECKNEe HCIBITAHUA W HCHBITAHUA MeTomamMu IuddepeHnalb-
Holi ckauHupyiomieii Kamopumerpuu ([ICK) u BHyTpeHHEro TpPeHUs C IeJIbI0
M3YYEHUs IPOoIlecca YIIOPALOUCHNA B CTeXNOMETPUUECKNX 1 CBEPXCTEXMOMET-
puueckux cmiaasax Fe,Al ¢ no6asinernunem Cr mpu IIOCTOAHHON CKOPOCTU HArpe-
Ba oT KomHaTHO# Temieparypbl 1o 1000°C. Tob6aBnenue Cr 3amensseT mpo-
1ecc yIopsAoueHus II0 CBePXCTPYKTypHOMY Tuny D0, 4TO ImOATBEepIKIaeTCs
TMOJYYeHHBIMY 3HAUCHUAMHU dHEePruu akTuBaiuu. JlobaBieHre XxpoMa BIUAET
TaK)Ke Ha MeXaHnYeCKHe CBOMCTBA NCCIeLyEeMbIX CILIABOB, OTXKUIaeMbIX B 00-
nactu DOs-mopAagka. BelcoThl 1 yIIUpeHNe TPEX MUKOB (3MHEPOBCKOTr0, CHYKO-
BCKOTO U X-THUIIa) MOTYT U3MEHAThCA B mpucyrcTeuu Cr. PenTreHonudpakiiy-
OHHBIN aHAJMN3 M IIPOCBEUMBAIONIASA DJIEKTPOHHAA MUKPOCKOIINS, BHIMOJIHEH-
HbIE IIPY Pa3JINYHBLIX TeMIEepaTypax, BLIOPAHHBIX HA OCHOBAHUU IIOJYUYEHHBIX
JCK-KpUBBIX, TOATBEPAUIN, UTO OBICTPASA 3aKaJIKa OT CAMOM BBICOKOI TeMIIe-
paTypsl cpasy Iocje TeIlJIOBOil 00paboTKM He MOXKET II0JaBUTEL (OPMUPOBaHLE
YIOpAZOUYEHHBIX yacTull Tuna B2 B cBepxcrexmoMerpruyeckux craBax Fe;Al.

Key words: intermetallics, ordering, phase transformation, dilatometry,
hardness measurement, internal friction.

(Received September 11,2012)

1.INTRODUCTION

Properties of the Fe—Al alloys are low density, high melting temperature
and hardness, a good oxidation resistance coupled with a good resistance
to the fracture. They create a large prospect for the Fe—Al alloys indus-
trial application, for example as components of the machines used at
high temperature, in corrosive environment (Refs. 6—9 cited by [1-3]) or
as high damping alloys [4—6]. However, these materials have a low duc-
tility at room and elevated temperature [7]. The ductility and corrosion
resistance can be improved by the addition of a third element, for ex-
ample chromium. The field of application of ternary Fe—Al-Cr alloys is
very vast, primarily as substrate for a catalyst applied in the catalytic
converters and as filter in automobiles [8].

An important feature of this system is the high solubility of both Al
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Fig. 1. Lattice structure in Fe;Al: 4a (Al) positions—full circles, 4b (Fe)—grey
circles, and 8c (Fe)—open circles.

and Cr in b.c.c. iron. The Cr atoms occupy most probably the 4b or 8c
positions (Fig. 1) with some preference of next nearest neighbour Al
positions [9]. The dissociation energy for Cr—Al pairs (W,_ay=
=0.6960 eV) that is lower than for Fe—Al pairs (W g.a;,=0.7457 eV) is
responsible for the mentioned decrease of the antiphase boundary (APB)
energy. The density of vacancies in Fe—25A1—-(15-25)Cr alloys quenched
from 1273 K was detected to be about ¢,=3-10at™, which is three
times lower than that in Fe—25Al (¢, = 10 at™ [10]) but higher than it is
in Fe—Si—Al alloys.

Recent studies show the utility of the addition of Cr in Fe—Al based
alloys; the Fe—(25—28)Al" alloys are often alloyed with 8—5% Cr to in-
crease their ductility and their workability (Ref. 1 cited by [11]). Sikka
et al. [12] observed that ductility at room temperature in Fe—28Al al-
loy was increased by the addition of 5% Cr. McKamey et al. [13] show
that the addition of 6% Cr leads to the increase in ductility at low tem-
perature from 4% to 8-10% approximately. Since the dissociation en-
ergy Wc, a) is lower than W g, 4, it results in an improvement of the
intrinsic ductility of Fe;Al due to the decrease in the energy of the an-
tiphase boundary, increasing the mobility and the slip of dislocations

“All compositions in this paper are given in atomic percents.
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(Ref. 28 cited by [11] and [14]). The presence of Cr in Fe—28Al1-3Cr al-
loy improves the pitting corrosion resistance by the increase of the pit-
ting potential of the alloy [15].

Chromium does not have a significant effect on the value of the transition
temperature from D0, to B2 (T,) phases and slightly increases the transition
interval A2 — DO, of quenched (Fe,Cr);Al alloys according to the differential
scanning calorimetric (DSC) data showed in this work. Hamana et al. [16]
showed that the ternary element (addition of 2% Cr and 5% Cr in Fe—28Al
alloy) stabilizes the B2 ordered phase and slows the B2 — D0, transition.

The purpose of this paper is to study the order—disorder transition in
Fe—Al-Cr alloys using differential scanning calorimetry, dilatometry, and
related internal friction effects by mechanical spectroscopy technique.

2. MATERIALS AND EXPERIMENTAL METHODS

The alloys used in this work have the following compositions: Fe—25Al—
25Cr, Fe—-25A1-9Cr, Fe—28A1-4Cr and Fe—27Al-2Cr. Before charac-
terization, the samples were homogenized for one hour at 1000°C and
water quenched. The samples have a cylindrical shape for the dilato-
metric analysis (12x3 mm), and for the DSC analysis (5x5 mm).

For tests a DSC 131 SETARAM and DI24 ADAMEL LHOMARGY
dilatometer connected to a computer respectively were used; suitable
software allows analysing and determining the critical points on the
recorded curves. The internal friction (IF), i.e. damping @', is meas-
ured as a function of temperature at vibrating reed setup at resonance
frequency of one side clamped sample with g,= 107°.

The microhardness is measured with a load of 3 N using a ZWICK
apparatus connected to the computer with adapted software provided
the values of HV automatically.

To identify the type of phases appearing in the studied alloys, Sie-
mens D8 Advance diffractometer is used. The recorded XRD patterns
were obtained with Cu anticathode (I = 40 mA, V =40 kV). The trans-
mission electron microscopy (Philips CM12) is used for the characteri-
zation of the alloys.

3. RESULTS AND DISCUSSIONS
Specimens were characterized at heating and cooling by DSC, dilatom-

etry and internal friction measurements. X-ray diffraction (XRD) and
TEM studies were performed after chosen heat treatment regimes.

3.1. Differential Scanning Calorimetric Study

The DSC curves obtained with heating rate of 10°C/min (Figs. 2, a—d) of
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Fig. 2. DSC curves of the homogenised 1 h at 1000°C and water quenched
(heating rate =10°C/min): Fe—-25A1-25Cr (a), Fe—25A1-9Cr (b), Fe—28Al-
4Cr (¢), Fe—27Al1-2Cr (d) alloys.

homogenised 1 h at 1000°C and water quenched Fe—25A1-25Cr, Fe—
25A1-9Cr, Fe—-28Al1-4Cr, Fe—27Al-2Cr alloys, respectively, demon-
strate the following effects.

An exothermic peak linked to the formation of the ordered phase
from o partial disordered state. Nevertheless, we can detect some or-
der by XRD after water quenching of these alloys (see below in
Figs. 5, a—d). TEM micrograph of water quenched Fe—26Al sample [17]
shows antiphase boundaries with large B2 domain and very fine DO,
domains can be distinguished. According to Allen (Ref. 9 cited by
[18]), this transition undergoes the following sequence: oo — B2 —
— D03 in overstoichiometric Fe—Al alloys. B2 order is also found in
Fe—25Al1-25Cr after quenching from 1250 K (Fig. 3, a). Therefore,
the rapid quenching of studied alloys after heat treatment at high
temperature cannot suppress the formation of the B2 ordered parti-
cles. DO; domains were observed by TEM in Fe—25A1-9Cr, while B2
and D0; domains are observed in Fe—25Al-25Cr composition after
annealing at 748 K and quenching. In TEM micrographs of these two
alloys (see Figs. 3, b, c), fine DO; domains for Fe—25Al1-25Cr (do-
mains are fine because the temperature is rather close to the DO, to
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Fig. 3. TEM micrographs of Fe—25A1-25Cr alloy homogenized at 1000°C and
water quenched (a), Fe—25A1-25Cr sample water quenched from 1000°C then
annealing 48 h at 475°C (b), Fe—25Al1-9Cr sample water quenched from
1000°C then annealing 48 h at 475°C (¢).

B2 transition) and coarse D0; domains for Fe—25A1-9Cr are present-
ed. Cooling rate of the Fe—25Al1-25Cr alloy has a great influence on
the type of order: B2 or D0O;[19].

An endothermic peak caused by the decrease in the order of the DO,
ordered phase and the formation of the B2 ordered phase.

An exothermic peak is observed during cooling, which corresponds
to the B2 — D0, transition on all DSC curves; however, on the DSC
curve of Fe—25A1-25Cr this peak is broad and it is difficult to specify
temperature: high amount of Cr slows the transition.

It should be noted that the effects observed on the DSC curves in
studied Fe—Al-Cr alloys are rather similar to those in binary Fe—Al al-
loys [18]. The influence of composition of studied alloys on order—
disorder transition temperatures is summarized in Table 1.

TABLE 1. Nominal composition, phase transitions temperatures of studied
alloys according to the DSC and dilatometric analysis (heating/cooling rate
10°C/min).

Nominal DSC (heating + cooling) Dilatometry (heating)
composition |o + DO, — DO, DO, — B2| B2 — DO, | o+ DO; — DO;| DO, — B2
Fe-25A1-25Cr  329°C 527°C * 327°C 546°C
Fe-25A1-9Cr  297°C 548°C  534°C 255°C 550°C
Fe-28Al-4Cr  315°C 540°C  522°C 260°C 542°C
Fe-27Al-2Cr  288°C 539°C  521°C 247°C 538°C

* It is impossible to specify temperature.
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3.2. Dilatometric Study

Dilatometric curves of the homogenised 1h at 1000°C and water
quenched Fe—-25A1-25Cr, Fe—-25A1-9Cr, Fe—28Al1-4Cr and Fe—-27Al-
2Cr samples, obtained with a heating rate of 10°C/min (Figs. 4, a—d)
respectively, show an important anomaly and the derivative heating
curves show the following effects: contraction caused by the formation
of the DO; ordered phase starting from the o disordered phase; expan-
sion caused by the decrease in the order of D0O; ordered phase and the
formation of the B2 ordered phase.

In general, the dilatometry data confirm the heat flow data. Some
insignificant quantitative differences are caused by different sensitiv-
ity of these methods.

3.3. XRD Study

XRD analysis is carried out in order to confirm the nature of the phas-
es responsible for the appearance of the effects at DSC and dilatometric
curves during heating. All samples were homogenised 1 h at 1000°C,
and then heated up to the maximum temperatures of DSC peaks and
water quenched. The XRD patterns of the homogenized and water
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Fig. 4. Dilatometric heating curves of the homogenised 1 h at 1000°C and wa-
ter quenched (heating rate = 10°C/min): Fe—25A1-25Cr (a), Fe—25A1-9Cr (b),
Fe—28Al1-4Cr (c), Fe—27Al-2Cr (d) alloys; solid line—derivative heating
curve, dotted line—heating.
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Fig. 5. XRD patterns of Fe—25A1-Cr alloys after homogenised 1 h at 1000°C
and water quenched then heating up to deferent temperatures indicated on
each figure.

quenched alloys show the peaks of o disordered phase with small peaks
corresponding to the B2 ordered phase (Figs. 5, a—d). Table 2 summa-
rises the obtained results of XRD analysis of each alloy.

3.4. Determination of the Activation Energy of Ordering

Starink (Eq. (1), [20]), Kissinger (Eq. (2), [21]), and Ozawa (Eq. (3),
[22]) methods are used to estimate activation energy of the DO, order-
ing process in the studied alloys. The heat flow (DSC) measurements
are carried out at four different heating rates: 10, 15, 20 and
25°C/min. The variations of the temperature of the maximum of the
first exothermic peaks (T',,) with a heating rate 3:

In(B/T-*) = -1.0008(E,,, / RT,) +C, , 1)

act
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TABLE 2. The different phases obtained by XRD in studied alloys after heat
treatments.

Alloy Water quenched after heating up to| Structure of phases
329°C A2+ DO,
Fe—-25A1-25Cr
527°C DO, + B2
297°C A2+ DO,
Fe-25A1-9Cr
548°C DO, + B2
315°C A2+ DO,
Fe—-28A1-4Cr
540°C DO, + B2
288°C A2+ DO,
Fe—-2TAl-2Cr
539°C DO, + B2
In(3/T;)=-E,, /RT, +C;, (2)
Inf =-1.0516(E,, /RT,)+C,. (3)

Figures 6, a—d show the superposition of DSC curves of studied alloys,
where the exothermic peak related to the formation of D05 ordered phase
appears; they reveal that the increase of the heating rate B leads to the
shift of the maximum of the exothermic peaks toward high temperatures.

The activation energy of ordering process of the D0; phase (Table 3) in
the studied alloys is deduced from the different methods presented in
Figs. 7, a—d. All three methods give almost the same values for each alloy.

The value of the activation energy rises with the increase of the Cr
content in Fe;Al compound, which means that the ordering process of
DO, ordered phase formation in the alloy with higher Cr amount re-
quires more energy. The diffusion coefficient is governed by the expo-
nential law [23]:

D = D,exp(-E,, / RT). (4)

If the value of the E, is high, the diffusion is slow; thus, the addition
of chromium slows the ordering process. It is in agreement with the
results obtained by the dilatometric and differential calorimetric anal-
ysis.

3.5. Temperature Dependent Internal Friction

Internal friction spectra of binary Fe—Al alloys have been studied by
several researchers [24]: at least three thermally activated peaks were
recorded at elevated temperatures: the carbon Snoek (S), Zener (Z) re-
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Fig. 6. Parts of DSC curves corresponding to the DO, ordered phase formation
in homogenised 1 h at 1000°C, water quenched then heated with various rates
Fe—-25A1-25Cr (a), Fe—25A1-9Cr (b), Fe—28Al1-4Cr (c), Fe—27Al-2Cr (d) al-
loys.

laxations and less explained (X) effect; they are caused by the presence
of structural vacancies and carbon atoms in alloys. Chromium is a car-
bide-forming element both in iron and in Fe—Al-based alloys. Calcula-
tions [25] have demonstrated that the C—Cr ‘chemical’ plus ‘elastic’
interatomic interaction in iron takes place up to the fifth coordination
shell, however, some interstitial carbon remains in solid solution after
water quenching [26]; that results in the appearance of the so-called
Snoek-type peak [10] (denoted as the S peak in Fig. 8).

If the Al content exceeds the Cr content, the Snoek-type peak shifts
to higher temperatures than those of Fe—31Al, which is caused by the
additional C—Cr interaction [27], while the Snoek-type peak height de-
crease is caused by the decrease in the carbon amount in solid solution.
The X peak also recorded in Fig. 8 was interpreted earlier [28, 29] as a
relaxation peak caused by C-vacancy reorientation in the applied stress
field. For the case of a fixed Al content (= 25 at.%) and Cr substituting
Fe, all above-mentioned tendencies can also be seen but the relative
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TABLE 3. Activation energy values of ordering process of the D0, ordered
phase formed during heating in homogenised 1 hour at 1000°C and water
quenched samples, estimated by three methods.

Activation energy E, ,, eV

Alloy Methods
Starink’s Kissinger’s Ozawa’s
Fe—-25A1-25Cr 1.31+£0.19 1.31+£0.19 1.34+0.18
Fe—-25A1-9Cr 1.25+0.23 1.25+0.23 1.28+0.22
Fe—28A1-4Cr 1.10+£0.11 1.09+0.11 1.14+0.11
Fe—-2TAl-2Cr 1.04+£0.17 1.04+£0.17 1.08+0.16

changes are different (see Fig. 8).
The high Cr addition has a remarkable effect on the damping capaci-
ty of Fe;Al based alloys. Below 450°C (Fig. 8), progressive decrease of
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Fig. 7. Starink’s plot to obtain the activation energy values of the DO, order-
ing process in: Fe—25A1-25Cr (a), Fe—25A1-9Cr (b), Fe—28Al1-4Cr (c), Fe—
27A1-2Cr (d) alloys.
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the heights of S and X peaks is observed with the increase of Cr
amount, until their disappearance with addition of 25 at.% Cr.

The decrease in the Snoek-type and X peaks heights is probably caused
by the trapping of carbon atoms in chromium carbides, while a shift of
the Snoek-type peak to higher temperature is the result of the C—Cr in-
teraction in solid solution. The Snoek-type and X peaks can hardly be dis-
tinguished in some cases: only by stepwise Cr adding into Fe—Al.

The Zener relaxation peak—reorientation of pairs of substitute at-
oms under applied periodic stress—is slightly broadened and shifted to
higher temperatures as compared to binary Fe—Al alloys. The Al-Cr
and Cr—Cr interactions imply a broadened Zener peak at higher tem-
perature as compared to binary Fe—26Al, because the effects of Al and
Cr pairs are superposed (Fig. 8). No clear peaks were recorded in Fe—

25A1-25Cr alloys at the position that corresponds to the Zener peak in
the binary Fe—25Al composition; may be the Zener peak will appear
around or above 600°C, while the Snoek-type peak disappears in this

alloy because of high Cr amount.

3.6. Effect of Chromium on the Microhardness of Studied Alloys

Several theoretical and experimental works show that the mechanical
properties of Fe—Al alloys can be improved by the addition of chromi-
um. According to the obtained results of the microhardness measure-
ments for all studied alloys homogenised 1h at 1000°C, water
quenched and then annealed at 300°C (temperature of formation of DO,
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Fig. 9. Variation of the microhardness as a function of annealing time at
300°C for: Fe—25A1-25Cr (a), Fe—25A1-9Cr (b), Fe—28A1-4Cr (c), Fe—27Al-
2Cr (d) alloys.

ordered phase) for various times, the formation of this phase leads to
the increase in the microhardness (Figs. 9, a—d).

The increase in microhardness with the increase in annealing time
takes place until a certain point: 60 min for Fe—25A1-25Cr alloy,
20 min for Fe—-25A1-9Cr alloy, 15 min for Fe—28Al-4Cr alloy and
10 min for Fe—27Al-2Cr alloy; then hardness decreases. Increase in
hardness can be explained by the increase in order degree and, conse-
quently, by increase in the volume fraction of the D05 antiphase do-
main until the complete transformation of the o disordered phase to
the DO; ordered phase.

Beauchamp et al. (Ref. 2 cited by [30]) show that annealing at temper-
atures close to the critical temperature (formation of the D0; ordered
phase) reduced the energy of the antiphase boundaries with their sepa-
ration by approximately two, three or five atomic plains. The reduction
in the energy of these boundaries implies an increase in mobility of dis-
locations and leads to a better ductility (Ref. 1-5 cited by [17]). The de-
crease in the microhardness is caused by the coalescence of some anti-
phase boundaries [18]. The comparison between the microhardness
values of studied alloys shows that the maximum value is reached fast-
er in the alloy with slight Cr addition; this difference can be explained
by the effect of the chromium addition that slows the process of coales-
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cence of the antiphase boundaries [18].

4. SUMMARY

The advanced properties of the Fe—Al alloys create a wide prospect for
their industrial applications. However, these materials present a poor
ductility at ambient temperature, which can be improved by the addi-
tion of the third element. Chromium is the favourable element for this
improvement. In this paper, we studied the effect of this element on
the order—disorder transitions in different ternary Fe—Al—Cr alloys.

Dilatometric and DSC studies show the different transitions exist-
ing in different studied Fe—Al—Cr alloys, and show that the addition of
Cr in Fe;Al compound slows the DO, ordering. This is additionally con-
firmed by the obtained values of activation energy of the ordering pro-
cess of the D05 ordered phase formed in studied alloys. Starink’s meth-
od permits to estimate the value of this energy in different studies al-
loys, and shows that the ordering process of D05 ordered phase requires
more energy in Fe;Al-Cr alloys with higher Cr amount (see Table 3).
XRD and TEM studies show that water quenching from high tempera-
ture cannot suppress the formation of B2 ordered particles in over-
stoichiometric Fe;Al alloys.

Annealing at temperature close to the temperature of D0O; ordered
phase formation leads to an increase of the microhardness, which can
be explained by the increase of the fraction of the D0; antiphase do-
main boundaries until the complete formation of D0O; ordered phase.
The maximum value of this microhardness is reached faster with lower
Cr addition than in the alloy with high percentage of Cr; thus, Cr addi-
tion slows the process of coalescence of antiphase boundaries.

Chromium has also an effect on the anelastic relaxation in these al-
loys; it leads to the decrease of the heights of the Snoek-type peak and
the peak at higher temperature that is tentatively explained by vacan-
cies and carbon complexes. The Snoek- and Zener-type peaks shift to
higher temperatures with increase in Cr content in alloys. A broaden-
ing of the Zener peak in presence of Cr can be explained by contribution
to Zener relaxation not only by Al-Al, but also by Cr—Cr and Al-Cr at-
om pairs.
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