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Homogenization is defined as a method of heat treatment, which consists of
holding time at high temperature near the liquidus (approx. 0.7 to 0.8 of the
melting temperature) to eliminate chemical inhomogeneity diffusion pro-
cesses. Cause of segregation is selective crystal solidification in the gradual
change in composition of the solid phase. Melt began to appear after certain
hypothermia during cooling, and the growth of germs in accordance with the
general laws of crystallization. Each rigid layer has a different chemical
composition. The first part of the solid phase ingredient is characterized with
low concentration of the element, the last one, on the contrary, is character-
ized with very high concentration. Susceptibility to crystal alloy segregation
is greater, when the temperature interval solidification of alloys and the hor-
izontal distance between the liquidus and solidus lines are larger. Crystal
segregation will also increase with increasing content of alloying elements,
which occurs in these experimental alloys as containing 6—9% alloying ele-
ments. Crystal segregation can be removed by diffusion, for which it is neces-
sary to create conditions by homogenization annealing.

T'omorenizailis BUsHaYaeThHCA AK METO] OOPOOJIEHHA, AKUM MOJIATAE Y BUTPU-
MIIi IpY BUCOKil TeMneparypi mobausy JikBigyca (ix 0,7 mo 0,8 remneparypu
TOILJIEHHSI) 3 METOI0 YCYHEHHS IpoleciB nudysii, mos’a3aHnx 3 XiMiuHOO He-
oxHopigHicTio. IIpuumHOIO cerperairii € BUOipKOBe TBEPAIHHS KPUCTANIY IIPU
MMOCTYIOBOMY 3MiHIOBaHHI CKJIagy TBepHoi dasu. PosTom nmounHae 3’ ABAATHACS
Micasa [eAKOTO IMEPEeOXOJIOKEeHHA IIiJ] Yac OCTUTaHHS Ta POCTY 3apOJKiB BiA-
IOBiHO 10 3arajbHUX 3aKOHIB Kpucrasisamnii. KoxHUI KOpCTKU 1I1ap Mae
pisamMH ximiunuit ckaan. [lepmia yacTuaa TBEpAOI (hasu Mana HUSBKY KOHIIEH-
TpaIliio JeryBaJbHUX €JIeMEeHTiB, OCTaHHA — HaBIAaKU, BUCOKY. CIPUAHATIN-
BicThb M0 cer'perailii KpuCTaJiuHOTO CTOIY THM OiJbIla, YUM OiJBIITHI TeMIe-
paTypHUii iHTepBaJ TBEPAiHHS CTOIIIB Ta BiiCTaHb II0 TOPUIOHTAJI MiK JiHisd-
MU JiKBigyca i comimyca. Cerperaiiia KpucTaay TaKOXK 3poCTae 3i 36iJbITeH-
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HAM KiJbKOCTI Jler'yBaJbHUX €JIEMEHTIiB, SKa B IIUX €KCIIePUMEHTAJIbHUX CTO-
max ckJaagaiia 6—9% . Cerperaiia xpucrtaiay Moke OyTu ycyHeHa nudysiero,
IJIsI 40TO HeOOXiZHO CTBOPUTH YMOBHU IILJIAXOM TFOMOTE€Hi3yBaJBLHOTO BimmaJy
craJi.

T'omorenusamnus omnpegesaeTcs KaK MeTOI TepM0ooOpaboTKM, KOTOPBIA COCTOUT
B BBIJEpP’KKe MIPHU BBICOKOI Temieparype BOausu Juksugyca (ot 0,7 mo 0,8
TeMIIepaTyphl IIJaBJIEHUA) C IeJbI0 YCTPAHEHUA IIPOIeCCOB AUPPYy3uu, CBA-
3aHHBIX C XUMHYECKON HEOAHOPOAHOCTHIO. IIpuunHOi cerperamuu ABIAETCA
u3bupaTesbHOE OTBEpPHAEBaHNE KPUCTAJJIA IPU ITOCTEIeHHOM M3MEHEHUU CO-
cTaBa TBEPHOM (hasnl. PacmiaB HAaUMHAET IMOABJIATHCS IIOCJEe HEKOTOPOTO IIepe-
OXJIAXKJIEHUSA BO BPeMs OCTBIBAHUSA M POCTA 3apPOJbIIIEel B COOTBETCTBUU C 00-
UMY 3aKOHAMU KpucTadausanuu. KasKablil KECTKUI CJI0H MMeeT pasjind-
HBI XUMHUYECKUH cocTaB. IlepBas yacTh TBEPAO# (hasbl MMesa HUSKYIO KOH-
IEHTPAIUIO0 JIETUPYIOIIUX 3JIEMEHTOB, MOCJIEIHAA — HAo00pOT, BBICOKYIO.
BocmpuuMUYMBOCTS K cerperaini KpUCTaJLINUYeCKOro CILIaBa TeM 00JIbIle, YeM
0oJIbIlle TeMIePaTyPHBIM MHTEPBAJI OTBEPIAEBAHMS CIJIABOB M PACCTOSHUE II0
TOPUB3OHTAJIN MEXKIY JUHUSIMU JUKBUAYycA u counyca. Cerperamusa KpUCTaJ-
Jla TaKsKe BO3PaCTaeT C yBeJHUEeHUEeM COAEP:KaHUs JIETUPYIOIINX 9JI€MeHTOB,
KOTOPOE B 9TUX SKCIIEPUMEHTAJIbHBIX CIIJIaBaX cocTaBiAso 6—9% . Cerperamusa
KpUCTaJLJIa MOKeT OBITh ycTpaHeHa auddysueii, Ijid uero HeoOXOIUMO CO-
3IaTh YCJIOBUS ITyTEM FOMOT€HU3UPYIOIIETO OTKUTA CTAJIH.

Key words: crystal segregation, AlICu4MgMn alloy, homogenization anneal-
ing, EDX analysis, image analysis.
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1. INTRODUCTION

The homogenizing annealing temperature and time affect the process
of homogenization, diffusion coefficients for the elements in the alu-
minium matrix, and the size of the diffusion pathways. The tempera-
ture and duration of the process of homogenization is chosen to pro-
vide dissolution equilibrium of intermetallic phases formed in the pro-
cess of crystallization and subsequent diffusion of the elements into a
solid solution a. Likewise, for non-equilibrium eutectic, resulting in
higher crystallization rate than the equilibrium one, it dissolves and
diffuses into relevant components of o matrix. Homogenizing anneal-
ing temperature is determined in the range from 0.90T, to 0.95T,,.
Homogenization annealing can take place at lower temperatures, from
0.8T,, to 0.9T,,. Homogenizing annealing temperature reduction can
significantly prolong the process of homogenizing annealing up to sev-
eral tens of hours.

Alloys Al-Cu—Mg, especially, AlCu4Mg duraluminium, and Al-
Cu4Mg, AlCu4MgMn, reach considerable strength after self-
hardening by heat treatment (R,, up to 530 MPa). The maximum solu-
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bility of copper in the aluminium solid solution under equilibrium con-
ditions is 5.7 wt.% Cu in eutectic reaction at the temperature of
548.2°C. AlCuMg alloys achieve considerable strength after curing,
their advantage is the natural aging process. Other alloying element in
industrial alloys of the Al-Cu—Mg is Mn, which increases strength.
AlCu4Mg in the alloy occurs primarily as binary eutectic o+ CuAl,
with a small amount of ternary eutectic oo+ CuAl, Cu,Mg,Al;, further
Mg,Si, FeAl;, AlIFeMnSi, AlCuFeMn, etc. The aim of this paper is to
optimize the process of homogenization in terms of its duration and
the homogenizing annealing temperature of AICu4MgMn alloys.

2. EXPERIMENT

To prepare castings, raw material supplied directly by the manufac-
turer is used as investigated material. Casting alloys studied are pre-
pared according to the chemical composition based on EN AW 2024—
EN AW AlCu4Mgl. Melting of the material is carried out in a furnace
at 730°C, the oven temperature is scanned by digital thermometer with
a precision of £2°C. The melt is treated in the melting process and re-
fining salt melt surface is withdrawn. Prepared material is subjected
to gravity casting process into metal moulds preheated to a tempera-
ture of 220°C. Castings are in the shape of a conical cylinder with di-
mensions of 40/50 x 100 mm. Chemical composition of experimental
alloys prepared is presented in Table 1 in wt.%.

Prepared alloy is divided into two sets of samples, which are subject-
ed to homogenization annealing. Homogenization annealing furnace is
held in LAC, the temperature is scanned by digital thermometer with
accuracy of £2°C. The first set of samples is homogenized at various
temperature regimes in the temperature range from 450 to 570°C in
20°C intervals (450, 470, 490, 510, 530, 550, and 570°C) at a constant
time of homogenization 8 hours. A second set of samples is prepared at
a constant temperature of homogenization annealing T =490°C, but
with different time of the thermal process. Homogenizing annealing
time is 2 to 24 hours (2, 4, 6, 8, 10, 12, 16, 20, and 24 hours). After
homogenization, the samples had the size of 3x5/3 cm after the air-
cooling. Microstructure of the prepared samples before and after ho-
mogenizing annealing is analyzed on thin slices using metallographic
LEXT confocal laser microscope at magnification of X100 (Figs 1-4).

A second set of samples is prepared at a constant temperature ho-

TABLE 1. The chemical composition of AICu4MgMn alloy.

Cu [ Mn | Mg | Fe | si | Al
383 0.31 178 0.07 0.06 93.93

AlCu4MgMn (wt.%)




340 Viktorie WEISS

Fig.1. AlCu4MgMn alloy microstruc- Fig.2. AlICu4MgMn alloy microstruc-
ture before homogenization; enl: xX100. ture at constant annealing lasting 8
hours; 470°C, enl: x100.

mogenization annealing T = 490°C, but at different times of the heat-
ing process (Figs 5—7). Homogenizing annealing time is chosen in the
range of 2 to 24 hours (¢=2, 4, 6, 8,10, 12, 16, 20, 24 hours).

Optical microscope in conjunction with PC software Buehler Om-
nimet Image Analysis system allows evaluating the quality of alloy Al-
Cu4MgMn homogenizing annealing using image analysis of the sam-
ples (5.40-nil). This analysis allows determining the heterogeneities
(particles) and the percentage occurring in the studied alloy by statis-
tically evaluated microscopic image size. Microscope image acquisition
is performed using metallographic optical microscope on thin slices at

Fig. 3. AlICu4MgMn alloy microstruc- Fig. 4. AlCu4MgMn alloy microstruc-
ture at constant annealing lasting 8 ture at constant annealing lasting 8
hours; 490°C, enl: x100. hours; 570°C, enl: x100.
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Fig. 5. AlICu4MgMn alloy microstruc- Fig. 6. AlICu4dMgMn alloy microstruc-
ture at constant annealing tempera- ture at constant annealing tempera-
ture of 490°C; 2 hours, enl: x100. ture of 490°C; 8 hours, enl: x100.

the magnification of X100. Image analysis of alloy is used to determine
the influence of the annealing time on the quality of homogenizing an-
nealing.

To evaluate the percentage of the phase represented by the selected
samples, AlICu4MgMn alloy is investigated before homogenizing an-
nealing and after homogenizing annealing at 490°C for 4, 8 and 12
hours. All samples are subjected to imaging analysis of five different
sites examined. The results are mathematically processed by the above-
mentioned program (see Figs 8, 9 and Tables 2, 3).

Fig. 7. AlICu4MgMn alloy microstructure at constant annealing temperature
of 490°C; 20 hours, enl: x100.
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#

Fig. 8. Image analysis of AlCu4MgMn alloy homogenization annealing at
490°C; 8 hours, enl: x100.
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Fig. 9. Dependence of the percentage of particles during homogenization an-
nealing in AICu4MgMn alloy.

For the evaluation of homogenizing annealing of the AlICu4MgMn al-
loy, EDX analysis was performed before and after homogenization (see
Fig. 10, Table 4 and Fig. 11, Table 5).

TABLE 2. The percentage of particles in AICu4MgMn alloy.

Pattern Min. (%) | Max. (%) A‘Eﬁ/’ﬁge de%gi’gﬂ)ani d%
Before homogenization 3.74 4.66 4.11 0.36
4 hours/490°C 1.03 1.85 1.44 0.29
8 hours/490°C 0.92 1.14 1.01 0.79

12 hours/490°C 0.57 1.11 0.81 0.21
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TABLE 3. Analysis of particle size in AICu4MgMn alloy.

Pattern Max. | Min. | Average |Total number| Standard
(um) | (um) (um) of particles |deviation, %
Before homogenization 64.66 0.46 9.32 373 9.23
12 hours/490°C 23.81 0.93 4.23 253 3.46

Fig. 10. Pattern of EDX analysis of AICu4MgMn alloy before annealing; the
places of analysis are marked as P1-P8; enl: x1000.

Energy dispersive spectroscopy allows analyzing the chemical compo-
sition of the phases present and eutectic a-solid solution. EDX analysis
of AlICu4MgMn alloys is performed on the sample before homogeniza-
tion annealing after heat processing and after homogenizing annealing
at 490°C for 8 hours. Analyzed sites are indicated by symbols P1 to P8.

TABLE 4. Pattern EDX analysis values of AICu4MgMn alloy marked places in
Fig. 10 as P1-P8.

Analyzedelements | P1 | P2 | P38 [ P4 | P5 | P6 | P7T | P8

Cu(wt.%) 18.61 27.00 11.60 22.80 1.12 1.14 1.57 3.31
Mn (wt.%) 0.06 0.03 0.10 0.10 0.09 0.13 0.10 0.13
Mg (wt.%) 2.26 1.72 1.74 1.56 2.33 1.79 2.85 3.79

Al (wt.%) 79.08 71.25 86.56 75.56 96.47 96.94 95.48 92.77
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Fig. 11. Pattern of EDX analysis of AICu4MgMn alloy after annealing with the
temperature of T = 490°C during 8 hours; the places of analysis are marked as
P1-P6; enl: x1000.

TABLE 5. Pattern of EDX analysis values of AICu4MgMn alloy places marked
in Fig. 11 as P1-P6.

Analyzed elements ‘ P1 ‘ P2 | P3 ‘ P4 | P5 ‘ P6
Cu(wt.%) 16.98 16.28 4.09 2.97 4.10 6.18
Mg (wt.%) 2.16 2.15 1.98 1.21 1.68 2.88
Mn (wt.%) 0.05 0.10 0.20 0.77 1.59 2.89
Al (wt.%) 80.82 81.48 93.72 95.06 92.63 88.05

5,BE002x A0 prm o

Fig. 12. Analyzed area of EDX analysis of AlICu4MgMn alloys (as-cast condi-
tion, scanning electron microscope).



THE EFFECT OF TEMPERATURE AND ANNEALING TIME ON HOMOGENIZATION 345

5 .BE002x Ha0 pm 4

& SE002 140 um 4 & BE002x 143 pm |

Fig. 13. EDX analysis of AICu4MgMn alloy (Fig. 12) (distribution of alumini-
um, copper, magnesium and manganese, scanning electron microscope).

To evaluate the quality of homogenizing annealing in addition to
point EDX analysis, EDX analysis of surface is used to distribute alloy-
ing elements in the selected area of the sample alloy AICu4MgMn ho-
mogenized at 490°C for 8 hours in typified aluminium parent metal
(see Figs 12, 13 and Figs 14, 15).

58002y A0 prm o

Fig. 14. Analyzed area of EDX analysis of AlICu4dMgMn (homogenized T =
=490°C/8 h, scanning electron microscope).
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Fig. 15. EDX analysis of AlCu4MgMn alloy (Fig. 14) (distribution of alumini-
um, copper, magnesium and manganese, scanning electron microscope).

The images obtained during EDX analysis show the different areas
of concentration of the analyzed elements. Higher concentrations of
the analyzed element are represented by a light grey to white colours.

3. CONCLUSION

Optimal conditions of homogenizing annealing of AlICu4MgMn alloys
are evaluated in terms of microstructure image analysis using energy
dispersive spectroscopy. The selected parameters are homogenizing
annealing time at a constant temperature and annealing temperature
of homogenizing annealing at constant duration of this process. In
terms of microstructure of optimal homogenization, annealing tem-
perature at constant time of 8 hours for AlICu4MgMn alloys lies within
the range from 490 to 510°C. Annealing at higher temperature leads to
homogenization of the melted eutectic grain boundaries and globular
bodies of melted eutectic grains inside.

Influence of homogenizing annealing on microstructure of the in-
vestigated alloy is observed after two hours of this process. Optimum
annealing time of AICu4MgMn alloy homogenization can be deter-
mined in the range of 8—10 hours at the temperature of homogeniza-
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tion annealing 490°C.

Quantitative evaluation method of image analysis is used to deter-
mine the effect of homogenizing annealing time on the percentage of
produced particles and their size in AlICu4MgMn alloy cast in a metal
mold. The graphical dependence of the average percentage of particles
on the time of homogenization at the temperature of 490°C shows that
with increasing time of homogenization annealing the percentage de-
creases from 4.11% to 0.81% . The most intense homogenizing anneal-
ing effect is observed after 4-hour soak at homogenization annealing
temperature 490°C, the percentage of particles decreased from 4.11% to
1.85% . After the following eight hours the percentage of particles de-
creased to 1.14% . Size of particles, which were observed in the alloy af-
ter AlICu4MgMn homogenizing annealing at 490°C for 12 hours de-
creased from 9.32 micron to 4.23 micron.

The results of the EDX point analysis of AICu4MgMn alloys show
that the process of homogenizing annealing caused dissolution of the
intermetallic phase and subsequent diffusion of the elements into solid
solution o.. Data obtained by EDX suggest the presence of heterogenei-
ties in the form of the increased undissolved copper content (16.63
wt.%). It can confirm the presence of insoluble phase AlCuFeMn, Al-
SiMnCuFe, and A112Mn2Cu or undissolved residual phases and eutectic
CuAl,, CuAl, + o, o+ CuAl, + Mg,Si, which melt at 517°C.

REFERENCES

1. T. Grigerova, I. Luk&s, and R. Koteny, Zlievarenstvo NeZeleznych Kovov (Brati-
slava—Praha: 1988).

2. S. Michna, I. Luk&, P. Louda, and V. OtendSek, Aluminium Materials and

Technologies from A to Z (Adin S.R.0: 2005), ISBN 978-80-89244-18-8.

V. Vajsova, Metallurgist, 54, Iss. 9: 618 (2011).

V. Vajsovaand S. Michna, Metallofiz. Noveishie Tekhnol., 32, No. 7: 949 (2010)
V. Vajsova, Transactions of the Universities of KoSice (2009).

V. Vajsova, Strojirenska Technologie, Ro¢nik XIV (2010).

V. Vajsova, Slevarenstvi, No. 7-8 (2010).

V. Weiss, S. Michna, and E. Stiihavkova, Metalografie, Metody a Postupy
(2010).

PN oW





