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In the present study, weldability of Alumix 231 based composite materials
reinforced with Al,0; and B,C and produced by powder metallurgy route is
investigated. Various amounts of (0, 5, 10, and 15% wt.) Al,0, and B,C pow-
ders are added to the pre-alloyed Alumix 231 (Al-2.5% Cu—0.5% Mg—-14%
Si) powders separately and then mixed in a three-dimensional mixer for 45
min. Powders are compacted and sintered in an argon atmosphere at 640°C
for 4 h. Produced blocks are welded by the Tungsten Inert Gas (TIG) welding
at 25V, 197 A and 14 1/min shielded gas flow in commercially pure argon at-
mosphere. Macro- and microexamination together with some mechanical
properties of the welded area are studied. The results show that, although
high amount of particles resulted in a decrease in the density, these compo-
site materials can still be welded by the TIG welding method successfully.

Uccnenyercss cBaprBaeMOCTh IPOU3BENEHHBIX METOJOM IIOPOIIKOBON MeETaJi-
JYPruyd KOMIIO3UTHBIX MaTepuayioB Ha ocHoBe Alumix 231, apMupoBaHHBIX
Al,0; u B,C. Pasnuunsie konunuectBa (0, 5, 10 u 15 macc.% ) mopoikos Al,O,
u B,C 1o oTmeabHOCTH HO0OABIANNCEH B IPEIBAPUTEIbHO CIJIaBJIeHHBIE IIOPOIII-
ku Alumix 231 (Al1-2,5% Cu-0,5% Mg—-14% Si), a 3aTemM mepemMenInBajInch B
TPEXMEPHOM MUKCepe B TeueHHe 45 MUHYT. 3aTeM MOPOIIKU IPECCOBAJIUCH U
cuexaauch B armochepe aprona mpu 640°C B Teuernue 4 uacoB. I[lomyueHHBIE
0JIOKU CBAPUBAJINCEH BOJIb(pPaMoOBOii CBAPKOU B aTMoc(epe MHEePTHOTO Trada IIpu
25 B, 197 A u moToke nHepTHOTO Tasa B 14 ji/MuH B aTMochepe TeXHUUECKU
YHCTOTO aproHa. BLIu MpoBefeHbl MAKPO- 1 MUKPOUCCIEOBAHUSA HEKOTOPHIX
MeXaHUYeCKUX CBONCTB CBapHOI 30HBI. FIX pe3yabTaThl MOKAa3aau, UTO, XOT
0KAa3aJIoch OOJIBIIIOE KOJUYECTBO YACTUI[ C MOHUIKEHHON IJIOTHOCTBHIO, 3THU
KOMIIOBUTHBIE MaTepPUaJIbl MOTYT OBITH YCIEIITHO CBAPEHBI METOOM BOJb(Dpa-
MOBO# CBapKu B arMocdepe NHEPTHOrO rasa.

HocaimgkyeTbcsa 3BapOBaHiCTh BUPOOJIEHNX METOLOI0 MOPOIIKOBOI MeTaJIyprii

KOMIIOBUTHUX MaTepiaaiB Ha ocHOBi Alumix 231, apmoBanux Al,O; i B,C. Pi-
3ui kigprocti (0, 5, 101 15 mac.% ) moporkis Al,O; i B,C okpemo mnogaBanucsa
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y momnepenHbo cromaeHi mopomknu Alumix 231 (Al-2,5% Cu—0,5% Mg—14%
Si), a moTim mepemiiryBaancsa B TPUBUMiPHOMY MiKcepi BHPOIOBIK 45 XBUJIMH.
IToTim mOPOIIKM mpecyBajucA Ta cIikaaucsa B aTMochepi aprouy mpu 640°C
BIpoxoB:K 4 roxamH. Oxep:kaHi OJIOKM 3BaplOBAJNCA BOJIb()PAMOBUM 3BapeH-
HAM B aTMmocdepi iHepTHOro ragy npu 25 B, 197 A Ta norori imepTHOTrO ragy y
14 n1/xB. B atmMmocdepi TeXHIUHO YMCTOTO aproHy. Byso BUKOHAHO Makpo- Ta
MIKDPOZOCIIPKEeHHS fedKNX MeXaHIUHMX BJIACTHBOCTeHl 3BapHOI 30HHU. IX pe-
3yJbTATU IIOKA3a/u, IO, X0Ua BUSIBUJIACA BeJUKa KiJbKiCTh YacTMHOK 3i
3HMIKEHOIO T'YCTUHOIO, IIi KOMIIO3UTHI MaTepifaam MOXKYTh OYTH YCIIIIITHO 3Ba-
PeHi MeTo010 BOJIb()PaMOBOTO 3BapIOBaHHA B aTMocdepi iHepTHOrO rasy.

Key words: microstructure, hardness, Alumix, composites, Al,0;, B,C, pow-
der metallurgy, Tungsten Inert Gas welding.
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1.INTRODUCTION

Powder metallurgy (PM) is a process, in which product is fabricated
from metal or ceramic powders, which are mixed, pressed in a mould,
and sintered to increase the strength. Although limited in terms of
product size and weight, the PM process has capable of producing net-
shaped and highly complex parts from a wide variety metal and metal
alloy powders economically. Because of excellent improvement fea-
tures, aluminium based products are in great demand in application
such as aerospace, automotive, military, electronic industry and mari-
time than any other conventional materials [1, 2]. The PM is known as
modern manufacturing technique and one of the best suitable process-
es for advanced materials production. The advantage of modern tech-
nologies is that the PM method can change many different materials to
further products. The main objective of the powder metallurgy tech-
nique is also to become strong strengthened parts by pressing and sin-
tering starting from raw materials. By means of the PM route, it is
possible to produce materials with different chemical compositions.
Among these materials, aluminium is of special interest. Aluminium is
commonly used in aerospace and automotive industry has the charac-
teristics as light, corrosion resistant and having high specific strength
material [1, 3, 4]. By making addition of different metal or ceramic
particles to Al alloys, not only sintering behaviour but also a lot of en-
gineering properties can be improved. These enhancements are com-
monly due to the added ceramics particles [2, 5, 6]. Studies in recent
years, another class of material, namely the composite materials, are
becoming increasingly important [7]. A composite is a structural mate-
rial that generally consists of two or more combined constituents that
are combined at a macroscopic level and are not soluble in each other
[8-11]. Different classification has been made for composite materials.
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According to the type of the matrix material used in, composite mate-
rials are divided into three main classes. These are polymer matrix, ce-
ramic matrix and metal matrix composite materials [10, 12]. Among
them, aluminium alloy matrix composites attract much attention due
to their lightness, high thermal conductivity, moderate casting tem-
perature, etc. [13]. Due to the ease of formability and lightweight, al-
uminium has found many applications in industrial areas [1, 3]. Be-
cause of poor wear resistance of aluminium and its alloys, much re-
search work had been carried out to strengthen them by producing al-
uminium matrix composites [14, 15]. The ceramics particles such as
SiC, Al,0;, or B,C are commonly used as reinforcements to reinforce
the aluminium matrix.

Metal matrix composites, especially for specific application, are
produced by different techniques. Produced powder metal composite
parts should be joined with each other or different materials. Produc-
tion of parts with large surface areas as well as the complex shaped
ones by the PM method is difficult, since the production of the parts
with large surface areas causes the increase of mould and press power
cost. Therefore, determination of the welding parameters for the pow-
der metal parts and the weldabilities of those materials will assist pro-
duction of large surface and complex shaped parts.

However, welding of powder metal materials is different from the
welding of conventional materials manufactured by rolling or other
manufacturing methods. The most important factor is the porosity. Po-
rosity volume and relative density affect the quality of welding and its
character. Porosity changes the properties of thermal conductivity and
hardenability of the material and affects the welding process because of
the oxides and impurities within the structure. Thermal expansion be-
tween mating materials of different composition results in dissimilar
volume changes when metals are heated and subsequently cooled. Ex-
treme differences in expansion or contractions rates increase the poten-
tial for cracking at the weld interface [16]. Their industrial application
is much limited owing to the high viscosity of the molten pool, the seg-
regation and agglomeration of reinforcing particles, and especially the
serious interface reaction between particle and aluminium matrix,
leading to less acceptable mechanical properties [17].

In the present study, Alumix 231 reinforced with Al,O; and B,C
composite materials have been produced by PM route. Produced parts
were welded by the TIG welding at various welding parameters in Ar
atmosphere. Macro- and microexamination together with some me-
chanical properties of the weld area have been performed.

2. MATERIALS AND EXPERIMENTAL METHOD

For the experimental work, two different groups of composite parts
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were prepared. First group of parts included 5%, 10% and 15% Al,O4
(weight % and with 99% purity) were added to Alumix 231 powders
(Al-2.5% Cu—0.5% Mg—-14% Si ) and second group of parts included
5%, 10% and 15% B,C (weight % and with 99.9% purity) particles
were added to Alumix 231 powders (Al-2.5% Cu—0.5% Mg—-14% Si).
Both groups of powders are mixed in a three-dimensional mixer for
45 minutes. Mixed powders are compacted in a uniaxial press under
600 MPa in order to produce samples with 10x40x70 mm? in size. Com-
pacted parts are heated up to 640°C, with 5°C /min heating speed and
sintered for 4 h in commercially pure argon atmosphere. Sintered sam-
ples are cooled to room temperature with the cooling rate of 10°C/min
in argon atmosphere. The densities of samples are measured using Ar-
chimedes principle.

The surfaces of the 10 mm thick composite specimens are brushed in
order to remove the surface oxide film and prepared as X-shape weld
groove before welding process. Samples were welded using the TIG
welding method under argon atmosphere as shielding gas and then
cooled to room temperature. Welding parameters are given in Table 1,
and Fig. 1 shows the macrograph of welded powder metal parts.

TABLE 1. Welding parameters.

Current type Alternative
Filling wire thickness 4 mm
Welding current 197 A
Electrode diameter and type 2.4 mm, Tungsten
Gas flow rate 14 1/min

Fig. 1. Macrograph of welded powder metal parts.
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3. EXPERIMENTAL RESULTS AND DISCUSSION
3.1. Change of Density
Green and sintered densities of both composite parts are given in Ta-

ble 2 and Table 3. The sintered density of the sample increased as
shown in the Tables. Figure 2 shows the density change of the samples

TABLE 2. Density values of raw and sintered metal matrix composite samples
(group 1).

Test samples Compression |Green density,|Sintered density,

pressure, MPa % %
Pure Alumix 231 600 95.9 97.7
Alumix 231 + % 5 Al,O,4 600 93.7 94.8
Alumix 231 + % 10 Al,O, 600 93.3 94.1
Alumix 231 + % 15 Al,O, 600 92.2 92.9

TABLE 3. Density values of raw and sintered metal matrix composite samples
(group 2).

Test samples Compression Green density,[Sintered density,

pressure, MPa % %
Pure Alumix 231 600 95.9 97.7
Alumix 231+ %5 B,C 600 91.9 95.6
Alumix 231+ % 10 B,C 600 90.3 95.2
Alumix 231+ % 15 B,C 600 88.2 90.1
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Fig. 2. Effect of particulate (Al,0; and B,C) amount on the density of Al based
composite.
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depending on the Al,O; and B,C amounts. The curves show that in-
creasing of the reinforcing element results in a decrease in density at a
constant sintering temperature. The figure also shows that increasing
particle amount in B,C reinforced composite decreases density more
than Al,O; reinforced composite.

In the PM method, some porosity remains in the matrix after press-
ing and some of it disappears during sintering [18]. In the present
study, some pores occurred at the interface of the matrix-
reinforcement particles that is believed to reduce the density of the
samples. The photograph in Fig. 3 shows both pore and alumina parti-
cle distribution in the matrix. Similarly, both pores and B,C particles
are seen in Fig. 4. Guldur et al. and Rahimian et al. studied the effect of
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Fig. 3. SEM microstructures and EDX analysis of the produced composite ma-
terial (group 1).
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Fig. 4. SEM microstructures and EDX analysis of the produced composite ma-
terial (group 2).

particle size and volume fraction on composite density, and both re-
ported similar decreases in density [19, 20].

Figure 3, a shows the microstructure of Al,O; reinforced composite
materials. In order to evaluate the particles and element distributions
in the matrix, EDX analyses have also been conducted from the differ-
ent areas of materials. According to the analysis, the particles seen in
the matrix are Al,0; ones, which were surrounded by pores and conse-
quently result in a decrease in density.

The EDX analyses and SEM images taken from weld metal and tran-
sition zone are given in Fig. 4. B,C particles in transition zone are de-
tected as shown in Fig. 4, a. It can be stated that the B,C particles on
the weld metal transition zone are distributed homogenously. The EDX
analyses and images from the zone in Fig. 4, a, b confirm the existence
of B,C particles. Micropores are detected around B,C particles and ma-
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trix interface.

3.2. Examination of Microstructure

Figure 5 and Figure 6 show the microstructures of base material, weld
metal, and heat affected zone (HAZ) of the Al,O; and B,C reinforced
composites respectively. Figure 5, a shows microstructures of weld
joints of Al,O4 reinforced composite materials including heat affected
zone, fusion area and weld zone. From this Figure, it can be seen that
dendrites are formed in the weld zone and some porosity are in the vi-
cinity of weld junction. Similar to the aluminium microstructure, typ-
ical dendrite microstructures have grown in these compositions. It is
clearly seen from the microstructures in Fig. 5, a that solidification
and growth occur from grains of base metal as epitaxial growing mech-
anism. Agglomeration of reinforcing element particularly at transi-

Fig. 5. The microstructure of weld metal and transition zones Al,Os.
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tion zone can be attributed to the fusion welding process. It can be seen
from the microstructure (Fig. 5, a) that transition zone is a distinct
layer between the weld metal and HAZ. Detailed inspection has shown
the absence of both cracks and pore in the weld metal. These results
show that Al,O; reinforced Alumix 231 can be welded by the TIG weld-
ing method without any problem [21].

The microstructures in the weld centre have few Al,O, particles and
mainly are located compatible to matrix, as shown in the Fig. 5, d. Sim-
ilarly, numerous Al,O, particles are found in the HAZ and base metal
Fig. 5, b, c. The above results demonstrate that the distribution and
compatibility of the reinforcement element in the different parts of the
weld is homogeneous, resulting from the uniform composition in the
composite and optimum welding parameters[22, 23].

Figure 6 gives the appearance of weld joint of the composite rein-
forced by B,C. Similar results with the composite reinforced by Al,O4

20 pm*

Fig. 6. The microstructure of weld metal and transition zones B,C.
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have been observed. We can see that the weld formation with these op-
timum welding parameters is the same as for aluminium microstruc-
ture with typical dendrites grown in these compositions.

It is also evidently seen from the microstructures in Fig. 6, a that
solidification and growth occurs from grains of base metal known as
epitaxial growing mechanism. In the structures of these samples, ag-
glomeration of particles at transition zone can also be seen and at-
tributed to the fusion welding process [24]. After inspection studies,
the absence of both cracks and pore in the weld metal can be reported.
These results show that B,C reinforced with Alumix 231 can be welded
by the TIG welding method without any problem [21].

It can be observed in Figure 7 that B,C particle in weld metal is em-
bedded in the structure. As seen in this Figure, pore formation occurs
between the particle and weld metal interface. It is thought that the
reason for B,C particles embedding in weld metal is the high tempera-
ture occurring during fusion welding.

3.3. Change of Hardness

The points of obtained hardness values and the hardness distribution
of the composites reinforced using by Al,O; and B,C particles have been
shown in Fig. 8 and Fig. 9. The hardness values taken from the base
metal has shown the increase with increasing of Al,0; and B,C amount.
It can be said that the hardness values are similar to those seen in Al
based powder metal parts. Generally, the hardness distribution of the

GUTEF MLZ.

Fig. 7. The appearance of B,C particles in weld metal.
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Fig. 9. The distribution of the hardness values of the composites (5% Al,O4
and 5% B,C).

composites is increased from based metal to the weld metal. However,

it shows decrease of hardness in the centreline of the weld metal com-
pared to the transition zone.

4. CONCLUSION

Joinability of Al,O5; and B,C reinforced Alumix 231 matrix composites
produced by powder metallurgy route has been investigated, and on the
basis of obtained test results, the following conclusions can be drawn.
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A decrease in density is observed depending upon the increase in the
amount of Al,O; and B,C in the composites produced under constant
sintering temperature and sintering time. The reason for the decrease
in density is the small pores formed between the matrix material and
reinforced element interface. The more increase in the amount of par-
ticles the more increase in the micropores in the structure, but density
decrease is monotonous.

It can be clearly seen that Alumix 231 matrix Al,O; and B,C rein-
forced composites are joined using by the TIG welding technique suc-
cessfully. The penetration can be obtained to be relevant in terms of
weldability of PM parts.

The high temperature occurring during welding process causes the
particles embedding in weld metal.

The reason for the increase of hardness values of the base metal is
the increasing amount of the reinforcing particles. However, the
hardness values taken from weld metal do not display a linear way.

This study has been supported by Gazi University Scientific Re-

search Project Section (BAP Project Number 07/2011-57). Authors
would like to thank to Gazi University for this support.
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