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Y po6oTi AOCTIKEHO CTPYKTYPHI BIACTHBOCTI ciuiaBiB cucteMu Al-Cu B TBepoMy Ta pikoMy cTtaHax. JIOCiIKeHHS TIPOBOIIIH
Ha cIuiaBax i3 BmictoM mimi 25,0-34,0 % (mac.), pemra - amomiHii. [71st Bu3HaueHHst (Hi3MYHUX BIACTUBOCTEH CIUIABIB BUKOPUCTOBYBAIN
MIKpPOCTPYKTYPHHH, PeHTTEHOCTPYKTYpHUI Ta AudepeHniinmii TepMiuHmii anamizu. Byiio Bu3Ha4eHO (a30BHii CKIIa]] CIUIABIB B 3aJIE)KHOCTI
BiJI TEMITEpaTypH HArpiBy PiAMHU BUILE JiHIT JIIKBIIYCY Ta MIBUIKOCTI OXOJOMKCHHSI.

B poGorti moka3zaHo, 1m0 mpu 30UTBIICHH] TEMIIEpaTypy HarpiBy piAMHM CIUIaBiB Buie JiHil nikBimycy o 150 K BigOyBaerscs
3MEHIICHHS] 00’€MHOI YaCTKH MEPBUHHHUX KPUCTAJIB AFOMIHIIO Ta 30UIbLICHHS 00’€MHOI YacTKM €BTEKTHKH. [leperpiB piiMHu Ha
200 K npu3BOAMTh 10 TIOBHOTO MPHUIHIYEHHS MPOLECY YTBOPEHHS NMEPBUHHUX KPUCTAIB ITIOMIHIIO, IO CBIIYUTH MPO BIACYTHICTBH 1X
MIKPOKOMIUIEKCIB B pituHi crutaBy. OTprMaHi pe3ylisTaTi po3paxyHKiB J0Ope y3roIKyIOThCs 3 JaHUMH IHIIINX aBTOPIB.

Korouosi ciioBa: cruiaBu Al-Cu; eBTEKTHKA; PiJJMHA CIUIABIB.

B paGore uccmenmyioTcsi CTpyKTypHBIE CBOWCTBa cIutaBoB cucTeMbl Al-Cu B TBEpIOM M JKHIKOM cocTosHHsX. MccrnemoBanus
MIPOBOZIMJIM Ha CIUIaBax ¢ conepskanueM memu 25,0-34,0 % (macc.), ocranpHoe — amoMuHui. [{ns onpeneneHus GU3NYECKUX CBOMCTB
CITAaBOB HCIIONB30BAIN MUKPOCTPYKTYPHBIH, PEHTTEHOCTPYKTYPHBII 1 JuddepeHInaibHbli TepMUUeCKUid aHaM3bl. BbuT onpenieneH
(ha3oBBIif COCTAB CITAaBOB B 3aBUCHMOCTH OT TEMIIEpPATyphl HarpeBa JKH/IKOCTH BBIIIE JIMHUH JINKBU/TYCA U CKOPOCTH OXJIXKICHUS.

B pabote noxazano, 94To IpH yBEJIMYEHUN TeMIIepaTyphl HarpeBa *KUIKOCTH CIUIaBOB BEIIIE JIMHUK JIMKBHAYyca 1o 150 K mponcxonut
YMeHbIIeHHE 00BEMHO JT0JH EPBUYHBIX KPUCTAIIIOB ATIOMUHHUS 1 YBEJIMYCHHE 00EMHOIT 10711 9BTeKTHKH. [Teperpes xunkoctu Ha 200
K npHBOIUT K MOJHOMY MOJIABJICHHIO TPOLiecca 00pa30BaHMUs IEPBUYHBIX KPUCTAIIIOB AJIFOMHMHHS, YTO CBUJICTENILCTBYET 00 OTCYTCTBHU
MX MUKPOKOMIUIEKCOB B JKHMAKOCTH CIuiaBa. [TosyueHHbIe pe3yabTaThl pacyeTOB XOPOLIO COIIACYIOTCS C JAHHBIMH JIPYTHX aBTOPOB.

KuroueBsie ciioBa: crutaBel Al-Cu; 9BTEKTHKA; JKUAKOCTh CIUIABOB.

In this paper there is examined the structural properties of Al-Cu system alloys in a solid and in a liquid state. The investigation was
performed for the alloys with copper content of 25.0-34.0% (wt.), the rest is aluminum. To determine the physical properties of alloys we
used microstructure analysis, X-ray structural analysis and the differential thermal one. We determined the phase composition of alloys in
relation to the temperature of the liquid heating above the liquidus curve and to the cooling rate.

In the paper it is shown that when the temperature of the alloys liquid heating rises above the liquidus curve and reaches 150 K, both
the reduction of the volume ratio of primary aluminum crystals and the increase of the eutectics volume ratio occurs. The overheating of the
liquid by 200 K leads to a complete suppression of the process of formation of primary aluminum crystals, which indicates the lack of their
microcomplexes in alloy liquid. The obtained results of calculations are in good agreement with those of other authors.

Keywords: Al-Cu alloys; eutectics; liquid of alloy.

Introduction (AL Cu-type) and when the temperature decreases it turns to

The Al-Cu alloys system was examined due to the
wide use of these alloys in the aircraft industry and in
transport. According to the state diagram of Al-Cu system
proposed by Murray the ecutectics is formed at copper
content of 33 % (wt.) and aluminum content of 67 % (wt.)
and is represented structurally by a-solid solution of copper
in aluminum and Al,Cu compound. The structure of #-phase
(Al Cu)istetragonal[1,2]and canexistintwomodifications: 0
(ALCu-type) and 0" (CaF-type) [3]. Investigation of
the structure of alloys as a result of long-term ageing
revealed that up to a temperature of 190°C there is 8-phase
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0’ (CaF-type) [4].

As it is known, one of methods for determining the
presence of microcomplexes in the liquid of Al-Cu alloys
is associated with a liquid viscosity change [5-7]. On the
viscosity-temperature curves we obtained the hysteresis
loops between the heating and cooling curves, which
are associated with rearrangement of complexes in the
liquid of alloys [8]. For the alloy of eutectic composition
(copper content of 17.0 % (atom.)) there is an intersection
of the viscosity curves of the heating and the cooling at the
temperature of 950°C [8]. The study of alloy copper content
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and temperature dependence of a value of the structure
parameter function reveals that for alloy of eutectic
composition (Al Cu, ) decrease of the structure parameter
occurs in the temperature range of 750-980°C; moreover,
the availability of acute peak indicates that there is ordered
structure [9]. The authors demonstrated that temperature
dependence of the structure parameters for alloy of eutectic
composition is characterized by certain stability of atomic
arrangement within the temperature interval of 835-935
K [10]. Now it is known that at temperatures above the
crystallization temperature in the melts of metals and alloys
the microconcentration heterogeneity is observed [11-
13]. Thus, phenomena, which are appeared in the liquid
state of metals and alloys, are intrinsic to the systems that
are in a critical state [14]. Typical for such systems is the
temperature at which there are no complexes in the liquid.

It is known that increase in the cooling rate to
10*-10° K/s leads to the formation of a supersaturated solid
aluminum solution and to the increase in content of Al,Cu
phase in non-equilibrium eutectics [15-16].

Therefore, the objective of this paper is studying of
structural properties of Al-Cu system alloys depending on
the temperature of alloy liquid heating above the liquidus
curve and on the cooling rate.

Materials and methods of investigation

The investigation was performed for the Al-Cu alloys
specimens with copper content of 25.0-34.0 % (wt.), the
rest is aluminum. To obtain these Al-Cu alloys we used the
furnace burden of such composition: aluminum with content
of 99.9 % (wt.) and copper with content of 99.9 % (wt.).
In order to prevent segregation the alloys were prepared
from carefully pre-mixed and pressed powders of furnace
burden materials. The smelting of specimens was carried
out in Taman’s furnace with graphite heater at temperatures
of 820-1200 K. The cooling rate of alloys was 10 K/s. Part
of the specimens were prepared in a similar way, but after
heating were been casted into V-shaped molds, as a result,
in the process of cooling in the wide part of the wedge the
cooling rate was 102 K/s and in the edge it was 10* K/s.

Chemical and spectroscopic analyses were used to
ascertain the chemical composition of alloy [17]. Differential
thermal analysis by means of derivatograph with heating
rate of 2 K/min was used to determine the temperature of
the phase transformations.

The phase composition of the alloys was determined
by X-ray microanalysis on JSM—6490 microscope, as well
as by means of optical microscope ‘Neophot-21°. The X-ray
structure analysis was performed on diffractometer DRON-
3 in monochromated Cu_ radiation.

Results and discussion
Hypoeutectic alloys of Al-Cu system is of such
structure: primary Al dendrites and regular Al+AlLCu
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eutectics, which after crystallization is corresponding to the
phase composition of the state diagram of the system [1].

The microstructure of hypoeutectic alloys of Al-Cu
system, which after heating to the temperature of 850 K
were casted in the V-shape mold, consists of uniform-size
primary aluminum dendrites (of the size of 30-40 pm).
Eutectic is heterogeneous in morphology and is more
finely-divided in the center of grains (Fig. 1, a). When the
cooling rate rises to 10* K/s, the volume ratio and size of
primary Al dendrites reduce, and those for the eutectics
increase (Fig. 1, b).

Fig. 1. The microstructure of alloy wedge after pre-
heating of Al-Cu alloy by 50 K with aluminum content of
71.0 % (wt.) cooled with a rate of: a) 10? K/s, b) 10* K/s.

When hypoeutectic Al-Cu system alloys are pre-heated
to 100 K above liquidus temperature and then cooled with
a rate 10% K/s, this leads to decrease of the volume ratio
of primary aluminum dendrites and increase of the volume
ratio of the eutectics. The formation of more homogeneous
in morphology eutectics is observed. An increase in the rate
up to 10* K/s is attended with considerable reduction of the
volume ratio and size of primary aluminum dendrites and
formation of more finely-divided eutectics.
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Pre-heating of hypoeutectic alloys of the system
by 150 K leads to the increase in the primary aluminum
dendrites size (40-55 pm) in a wide part of a wedge
compared with the lower temperature of alloys overheating
(Fig. 2, a). The eutectics in morphology is more dispersed
and homogeneous.

Fig. 2. The microstructure of the wedge of alloy after
pre-heating of alloy liquid by 200 K with aluminum content
of 71,0 % (wt.) cooled with a rate of: a) 10> K/s, b) 10* K/s.

Increase in the cooling rate to 10° K/s results in the
formation of more mixed-sized primary Al dendrites (30-40
pum). The eutectics is of more dispersed structure compared
with specimens, which were cooled with a lower rate.

Changes in the morphology of eutectics were observed
in the wedge area, which was cooled with a rate 10* K/s. In
this part of the wedge both lamellar and finely-divided rod
eutectics exist and there are no aluminum primary crystals
(Fig. 2, b). Besides, the formation of single finely-divided
phases is observed.

For the wedge part, which was heated by 150 K above
liquidus curve and cooled then with a rate of 10* K/s the
differential thermal analysis is performed (Fig. 3).
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Fig. 3. Thermogram of alloy with aluminum content of
71.0 % (wt.): a) heating after cooling with a rate of 10* K/s,
b) cooling with a rate of 2 K/s after heating of alloy to
the temperature of 1000 K.

In the process of heating the hypoeutectic alloy in the
thermogram there is two thermal effects at the temperatures
110°C and 511°C. The first one is connected with the fact
that at the temperature of 110°C there is a transformation
6’ — 6 indicated by authors of the work [4], and the second
temperature is melting of eutectics and primary aluminum
dendrites at the temperature of 511°C, with a heat release
of 1592 J.

As a result of aftercooling of hypoeutectic alloy we
obtain a thermogram which indicates the transformations
corresponded to the state diagram of Al-Cu alloys [1],
such as the formation of primary aluminum crystals with
heat release of 32 J occurring at 533°C and formation of
eutectics with heat release of 576 J at 490°C.

As a result of X-ray diffraction analysis of Al-Cu
system alloys with overheating up to 100 K and aftercooling
with a various rates in the range of 10>-10* K/s the phase
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composition corresponds to that of the state diagram. The
overheating of the liquid of a hypoeutectic Al-Cu alloy by
150 K and aftercooling leads to the fact, that at cooling
rates of 10%> K/s the phase composition shows no change,
and the increase of the cooling rate up to 10* K/s provides
the formation of AICu phase (Fig. 4).
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Fig. 4. Diffractogram of hypoeutectic alloy with alumi-
num content of 71.0 % (wt.): 0 - AlCu, A -Al, e - ALCu.

Thus, depending on overheating temperature the
decrease of the volume ratio of the primary phase —
aluminum — takes place (Fig. 5).
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Fig. 5. Volume ratio — cooling rate dependence of prima-
ry crystals of aluminum.

Therefore, the overheating of the liquid above
liquidus curve to 150 K leads to the reduction of the
volume ratio of Al primary crystals and to increase of
the volume ratio of the eutectics. At the cooling rate of
10* K/s no formation of aluminum crystals occurs at all,
which can be explained by the lack of primary phase
microcomplexes in a liquid of alloy, that is in a good
agreement with results of the papars [5-8]. An analysis of
the outcomes shows that the eutectic point has shifted. At
the overheating of the liquid above liquidus curve to 200
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K and aftercooling of alloys with a rate of 10* K/s along
with aluminum eutectics and AlCu, there the formation of
finely-divided AICu precipitations takes place.

Conclusions

So, in the paper it was studied the hypoeutectic Al-Cu
alloys with copper content of 25.0-34.0 % (wt.), the rest is
aluminum, and the next results were obtained:

1. The overheating of the alloy liquid by 50-100 K
above the liquidus curve leads to the formation of finely-
divided eutectic arrangement and to suppression of the
process of formation of the aluminum primary crystals.

2. At all overheating temperatures and cooling rates of
alloys there are observed the increase of the volume ratio of
the eutectics compared with specimens.

3. The overheating of liquid by 150 K leads to a
complete suppression of the process of formation of the
aluminum primary crystals that indicates the lack of their
microcomplexes in the liquid alloy. The obtained results
agree nicely with data of the other authors.
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