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OIEHKA BJIMAHUA TEMIIEPATYPbBI U BPEMEHU TOMOHU3ALIUA OT)KUT'A
CITABOB AlCu4MgMn C TOYKH 3PEHUA METOJA AHAJIM3A U3OBPAKEHUSA
MHUKPOCTPYKTYP 1 EDX AHAJIM3A

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 the melting temperature) to eliminate chemical inhomogeneity diffusion processes. Cause of segregation is
selective crystal solidification in the gradual change in composition of the solid phase. Melt began to appear after certain of the
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 low concentration of the element last, on the contrary,
very high. Susceptibility to crystal alloy segregation is greater, the greater the temperature interval solidification of alloys and the
horizontal distance between the liquidus and solidus lines. Crystal segregation will also increase with increasing content of alloying
elements, which in these experimental alloys occurs as containing 6-9% alloying elements. Crystal segregation can be removed by
diffusion, for which it is necessary to create conditions by homogenization annealing.

Kevwords: homogenization annealing, AICu4MgMn alloy, crystal segregation, energy dispersive X-ray analysis (EDX), image
analysis

Introduction

The process of homogenizing annealing temperature and time affects the process of homogenization, diffusion
coefficients for the elements in the aluminum matrix and the size of the diffusion pathways. The temperature and
duration of the process of homogenization is chosen so that there was a dissolution equilibrium intermetallic phases
formed in the process 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 that dissolve and diffuse into
relevant components o matrix. Homogenizing annealing temperature is determined in the range from 0.90 to 0.95 Tt.
Homogenization annealing can take place at lower temperatures, from 0.8 to 0.9 Tt. Homogenizing annealing
temperature reduction can significantly prolong the process of homogenizing annealing up to several tens of hours.

Alloy - Al-Cu-Mg, especially AlICu4Mg duralumin, and AlCu4Mg AlCu4MgMn, reaching considerable strength
after you-hardened by heat treatment (Rm up to 530 MPa). The maximum solubility of copper in the aluminum solid
solution under equilibrium conditions is 5.7 wt. % Cu eutectic reaction at a temperature of 548.2°C. Alloys AlCuMg
achieve considerable strength after curin g, their advantage is the natural aging process. Other elements, alloying in
industrial alloys of the Al-Cu-Mg is Mn, which increases strength. AlCu4Mg in the alloy occurs primarily binary
eutectic o + CuAl, a small amount of ternary eutectic o + + CuAl, Cu,Mg,Als, further Mg,Si, FeAl;, AlFeMnSi,
AlCuFeMn etc. The aim of this paper is to optimize the process of homogenization in terms of its length and the
homogenizing annealing temperature alloys AICu4MgMn.

Experiment

To prepare castings investigated material was used raw material supplied directly by the manufacturer. Casting
alloys studied were prepared according to the chemical composition based on EN AW 2024 - EN AW AlCu4Mgl.
Melting of the material was held in a furnace at 730°C, the oven temperature was scanned digital thermometer with a
precision of + 2°C. The melt was treated in the melting process and refining salt melt surface was withdrawn smear.
Prepared material was gravity casting process into metal molds preheated to a temperature of 220°C. Castings were in
the shape of a conical cylinder with dimensions of 40/50 x 100 mm. Chemical composition of experimental alloys
prepared in wt. % Is given in Tab. 1.
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Table 1
The chemical composition of AlICu4MgMn alloy
. Cu Mn Mg Fe Si Al
AlCudMgMn [hm. %] 3.83 031 1,78 0,07 0,06 93,93

Alloy thus prepared was divided into two sets of samples were subjected to homogenization annealing.
Homogenization annealing furnace was held in LAC, the temperature was scanned digital thermometer with accuracy
of = 2°C. The first set of samples was homogenized at various temperature regimes in the temperature range from 450
to 570°C in 20°C intervals (450, 470, 490, 510, 530, 550, 570°C) at a constant time of homogenization 8 hours. A
second set of samples were prepared at a constant temperature of homogenization annealing T = 490°C, but with
different time of the thermal process. Homogenizing annealing time was 2 to 24 hours (2, 4, 6, 8, 10, 12, 16, 20, 24
hours). After homogenization, the samples were about the size of 3x5 / 3 cm in the air cooled. Microstructure of the
prepared samples before and after homogenizing annealing was analyzed on thin sections prepared metallographic
LEXT confocal laser mlcroscope ata magmﬁcatlon of 100x (Fig. 1 - Fig.4).
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Fig. 1. AlICu4MgMn alloy mlcrostructure before
homogemzatlon, enl.:100x
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Fig. 3. AlCu4MgMn alloy microstructure at constant
annealing lasting 8 hours. 490°C, enl.:100x
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Fig. 2. AlCu4MgMn alloy microstructure at constant
annealing lasting 8 hours. 470°C, enl.:100x
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Fig. 4. AICu4MgMn alloy microstructure at constant
annealing lasting 8 hours. 570°C, enl.:100x

A second set of samples were prepared at a constant temperature homogenization annealing T = 490°C, but at
different times of the heating process (Fig. 5 - Fig. 7). Homogenizing annealing time was chosen in the range of 2 to 24

hours [t=2,4, 6, 8, 10, 12, 16, 20, 24 hours].
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Fig.5. AlCu4MgMn alloy microstructure at constant
annealing temperature of 490°C, 2 hours, enl.:100x
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Fig. 6. AICu4MgMn alloy microstructure at constant annealing
temperature of 490°C, 8 hours, enl.:100x
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Fig. 7. AICu4MgMn alloy microstructure at
constant annealing temperature of 490°C, 20

hours, enl.:100x

Optical microscope in conjunction with PC software Buehler
Omnimet Image Analysis system allows 5.40-nil at the samples to
evaluate quality alloy AlCu4MgMn homogenizing annealing using
image analysis. This analysis enabled by statistically evaluated
microscopic image size heterogeneities (particles) and the percentage
occurring in the studied alloy. Microscope image acquisition was
performed metallographic optical microscope on thin sections at a
magnification of 100x. Image analysis of allow use to determine the
influence of homogenizing annealing time on the quality of
homogenizing annealing. To evaluate the percentage of the phase
represented by the selected samples investigated alloy AlCu4MgMn
prior to homogenizing annealing and after homogenizing annealing at
490°C for 4, 8 and 12 hours. All samples were performed imaging
analysis of five different sites examined. The results were the above-
mentioned program mathematically processed.

Fig. 8. Image analysis AICu4MgMn alloy homogenization annealing 490°C, 8 hours, enl.:100x
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Fig. 9. Dependence of the percentage of particles in the during homogenization annealing AICu4MgMn alloy

Table 2
The percentage of particles AlCu4MgMn alloy
Pattern Min. [%] Max. [%] Average [%] | Standard deviation [%]
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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Analysis of particle size AlCu4MgMn alloy

Table 3

Pattern Max. [um] | Min.[um] | Average [um] | Total number of particles Standard 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

For the evaluation of homogenizing annealing of the alloy AlCu4MgMn was performed before and after
homogenization EDX analysis. Energy dispersive spectroscopy allowed to analyze chemical composition of the phases
present, and eutectic a - solid solution. EDX analysis AlCu4MgMn alloys was performed on the sample prior to
homogenization annealing after heat processing and homogenizing annealing at 490°C for 8 hours. Analyzed sites are

indicated by symbols P1 to P8.

Fig. 10. Pattern EDX analysis of AICu4MgMn alloy before annealing, the places of analysis are marked as P1 -P8, enl. 1000x

Table 4
Pattern EDX analysis values of AlICu4MgMn alloy’s marked places Fig.10 P1 - P§
Analyzed elements | P1 P2 P3 P4 P5 P6 P7 P8
Cu [hm%)] 18,61 27,00 11,60 22,80 1,12 1,14 1,57 3,31
Mn [hm%] 0,06 0,03 0,10 0,10 0,09 0,13 0,10 0,13
Mg [hm%] 2,25 1,72 1,74 1,55 2,33 1,79 2,85 3,79
Al [hm%] 79,08 71,25 86,56 75,56 96,47 96,94 95,48 92,77

Fig. 11. Pattern 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. 1000x
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Table 5
Pattern EDX analysis values of AICu4MgMn alloy’s marked places Fig. 11, P1 - P6
Analyzed elements P1 P2 P3 P4 P5 P6
Cu [hm%] 16,98 16,28 4,09 2,97 4,10 6,18
Mg [hm%] 2,16 2,15 1,98 1,21 1,68 2,88
Mn [hm%] 0,05 0,10 0,20 0,77 1,59 2,89
Al [hm%] 80,82 81,48 93,72 95,06 92,63 88,05

To evaluate the quality homogenizing annealing in addition to point EDX analysis of EDX analysis of surface
used to distribute typified aluminum parent metal, and of the alloying elements in the selected area of the sample alloy
AlCu4MgMn homogenized at 490°C for 8 hours. The images captured EDX analysis shows the different areas of
concentration of the analyzed elements. Higher concentrations of the analyzed element, is represented by a light gray to
white.

= ] 40 pm 4

Fig. 12. Analyzed area EDX analysis AICu4MgMn alloys, cast condition, scanning electron microscope
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Fig. 13. EDX analysis AICu4MgMn alloy (Fig. 12), distribution of aluminum, copper, magnesium and manganese, scanning
electron microscope
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Fig. 14. Analyzed area EDX analysis AlICu4MgMn, homogenized T = 490°C/8 h, scanning electron microscope
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Fig. 15. EDX analysis AlCu4MgMn alloy (Fig. 14), distribution of aluminum, copper, magnesium and manganese, scanning
electron microscope

Conclusion

Optimal conditions homogenizing annealing AICu4MgMn alloys were evaluated in terms of microstructure
image analysis and help energy dispersive spectroscopy. The selected parameters were homogenizing annealing time
homogenizing annealing at a constant temperature, annealing temperature and homogenizing annealing at a constant
length of this process. In terms of microstructure optimal homogenization annealing temperature at constant time of 8
hours alloys AlCu4MgMn provide in the range of 490 to 510°C. At higher temperature annealing leads to a
homogenization of the melted eutectic grain boundary and globular bodies melted eutectic grains inside Influence of
homogenizing annealing on microstructure of the investigated alloy was observed after two hours of this process.
Optimum annealing time homogenization AlICu4MgMn alloy can be determined in the range of 8 - 10 hours at a
temperature of homogenization annealing 490°C. Quantitative evaluation method of image analysis to help determine
the effect of time allowed homogenizing annealing on the percentage occurring particles and their size at AlCu4MgMn
alloy cast in a metal mold. The graphical dependence of the average percentage of particles at the time of
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homogenization at a temperature of 490°C is evident that, with increasing time of homogenization annealing decreases
the percentage of from 4.11% to 0.81%. The most intense period of homogenizing annealing effect is observed as early
as 4 hour soak at temperature 490 © C homogenization annealing, the percentage of particles occurring decreased from
4.11% to 1.85%. Over the next few hours (8 hours) decreased the percentage of particles present up to 1.14%. Size of
particles present in the alloy due to AICu4MgMn homogenizing annealing at 490°C for 12 hours decreased from 9.32
micron to 4.23 micron. The results of the EDX point analysis AlICu4MgMn alloys show that the process of
homogenizing annealing was present to dissolve the intermetallic phase and a eutectic naked on the copper content and
subsequent diffusion of the elements into a solid solution a. From the data obtained by EDX suggests heterogeneities
present undissolved noted an increased copper content (16.63 wt.%), From which one can infer the presence of
insoluble phase AlCuFeMn, AlSiMnCuFe and Al12Mn2Cu or undissolved residual phases and eutectic CuAl,, CuAl, +
a, o + CuAl, + Mg,Si, which melts at 517°C.

Anomayin: I'omozcenizayis 6U3HAUAEMbCsL AK MEMOO mepMivHoi 06poOKU, SKULl CKIAOAEMbCS 3 MUMYACOB0T GUMPUMKU NPU BUCOKIL
memnepamypi nobauzy nikgioyca (npubnusno 6io 0,7 0o 0,8 memnepamypu niagienus), wob yCynymu XiMiuHy HeOOHODIOHICMb
oughysii. Temnepamypa ma mpuganicms npoyecy comozeHizayii obpana max, wob U0 pOZHUHEHHA PIBHOBAU THIMEPMEMAanesux
a3, wo ymeoproromusca 6 npoyeci Kpucmanizayii i no0aIbLULO20 PO3NOBCIOOHCEHHS eNleMEHMIB Y MEEPOUX 0. PILeHHSX.

Knrouosi cnosa: comozenizayis, AICu4MgMn cnnas, EDX ananis, oughysia

Annomanusa: I'omocenuzayus onpeoensaemcs Kak Memoo mepmuieckoll oopabomxu, KoOmopbvitl COCMOUM U3 8PeMEeHHOU 8b10EPHCKU
npu  8vicokol memnepamype 6ausu aukeuoyca (npumepno om 0,7 0o 0,8 memnepamypvl niagieHus), u4mobwvl YCMPAHUMb
XUMUYECKYI0 HeOOHOPOOHOCHb Oug@ysuu. Temnepamypa u OnumenrbHOCMU NPOYecca 20MO2EHU3AYUU 6blOpaHa max, Ymoovl
NONYYUNOCH PACMEOPEHUE PAGHOBECUS. UHIMEPMEMANTUYECKUX (a3, 0Opa3yiowuxcs 6 npoyecce KpUCMAIIU3AYUL U NOCTEOYIOujeco
Ppacnpocmpanerus 21eMeHmos 6 Meepoblx 0. PEUleHUSIX.

Knrouesvie cnosa: comocenusayus, AICudMgMn cnnas, EDX ananus, ougpysus
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