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Abstract: Lightweight materials like Al-Mg composite are atttive especially for aerospace or automotive itrglus
Current paper investigates mechanical behavioutobfpressed, reactive sintered Al-Mg composite wiitial Mg
volume content of 60% using finite element simalatiConducted numerical simulations study effe¢hefporosity on
mechanical behaviour. Overall porosity (in percéatjecisive factor for mechanical behaviour ofestigated Al-Mg
composite rather than number or size of pores.

1 Introduction composite. Mechanical behaviour of Al-Mg composite

Lightweight materials like Aluminium (Al)- With initial Mg volume content of 60% is investigat
Magnesium (Mg) composite are in special attractbn using FE simulation.
automotive and aerospace industry [1-4]. Al-Mg cosite
combines excellent density of Mg (1.73 gigrwith Al 2 Finite element and material model
corrosion resistance (density of Al is 2.7 giti2,4]. 2D finite element (FE) model consists of one square
Particulate reinforced metal matrix compositeshaped part with size of 100x100 um with planeirstra
(MMCs) have isotropic properties, easier processaue thickness of 100 pm. Pores are embedded in thelrasde
than other metal matrix composites and they aramtre free space in the solid volume. Pores positionciaeated
than other metal matrix composites [3]. MMCs (withwith Python numpy library with uniform distributicover
various reinforcements) can be produced by castiregal the size of the FE model (100x100 um) and impdideeE
infiltration, friction stir welding or powder metatgy [3].  software Ansys. The size of the pores is chos@ndduce
Powder metallurgy has an advantage in controlliagrimn 1% and 2% porosity is the FE model. 10 and 20 pares
and reinforcement properties like shape and sizthef created in the FE model with diameter d approxiigate
reinforcement particles, particle distribution amslume 3.57 pm, respectively 5.05 pm. FE model is fixedhat
fraction in the matrix [3]. However, an inherentbottom edge and loaded on the top edge with tensile
characteristic of powder metallurgical componengs iloading 400 MPa. Mesh element size is 1 um in thelev
porosity that influences mechanical behaviour [5-7FE model. Scheme and size of the FE is shown ior€id).
Generally, porosity is characteristic of many eegiring
materials like concrete [8-11] or soils [12-16]. 0o THHHTM11111111 1111111111411 Loading (400 MPa)
One promising technology how to deal with porosity
powder metallurgy is the usage of pressure-assist
reactive sintering [17] - practically porous freengples
with relative high density were produced for ins&rin
[18,19]. 1% (d=3,57 um)
Pressure-assisted reactive sintering was used
produce many (also non-metal) composites such Bs-Zr
SiC-ZrC [20], BCI/Li,O-AlL,0s-SiG [21], Al-Si [22], 2% (d=3,57 um)
ZrB,—SiC-ZrQ [23], TiC/TisSiC, [24] or reinforced Al
matrix composites [3] [25]. Depending on materiat a
processing conditions, porosity varied between 2[2%
and 26% [24]. Al-NiO composite had a porosity betwe 0 o= Fixed B.C.
5-8.7% [25] and no porosity measurement was coeduct 0 i 100
for Al-Mg composite in [3]. Contrary to discusseteet of ! Xlm .
the porgsity gn the rE1e]chanicaI ybehaviour in adelitivV7194re 1 ?C::eme and S'ﬁe 'ZfEthe ';Elml%;jd' Iaezg(;stdmfes. the
manufacturing (AM) [26-27], it seems to be relayack size of the pores In the FE model. 1% and 2% poresi

; . . created in the FE model by varying the pore diamet@nd
of the information about the quantitate effect bkt number of pores. FE Model is loaded on the top edte

Y [um]

2% (d=5,05 pm)

porosity on the mechanical behaviour of the Al-Mg tensile load 400 MPa
composite produced by pressure-assisted reactive
sintering. Therefore, the aim of the paper is shuglgffect Material model is based on the measurement prasente

of the porosity on the mechanical behaviour of Ad-Min [3]. There were Al and Mg powders blended by
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planetary ball mill at rotational speed 100 RPM emd the marked position with minimum safety factor wer
argon atmosphere for 1 hour, hot-pressed at temypera maximum principal stresses occur.

673 K under pressure 640 MPa for 10 minutes undgomi\ According to given safety factor definition: F=0542
atmosphere and reinforced with s®g. and Ak:Mgi;  gives maximal principal stre€s; approximately equal to
intermetalics produced during the pressure-assisté@88 MPa. Safety factor outside pores lies apprateiy
sintering process. Details about the productiorgss and between 1.21.4 in almost whole FE model.

produced microstructure are described in the rete
paper [3].

Figure 2 shows material model of Al-Mg hot-pressed,
reactive sintered composite with initial Mg volucentent
V=60% taken from [3] (Denotes as “Shahid2018” ie th
legend).

Al-Mg composite (V=60%)

700
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G 400 e
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Figure 2 Al-Mg hot-pressed, reactive sintered cosifgowith
Mg volume content V=60%. Measured data is takem{g&].
Measured data is linearly fitted with a resultingefficient of
determination Rgreater than 0.99 Figure 3 Safety factor F distributions in FE modéth detailed
view on the most critical position. Minimum caldelé safety
Measured data is linearly fitted with a resultingfaCtor E:O.44572 corresponds with maximum pringiméssgs
coefficient of determination Rgreater than 0.99. Value aPProximately of 1288 MPa. Safety factor (stressyiution is
45615 represents according to Hooke’s law Young's similar around all pores in the FE model
modulus E. Hence, the material behaviour is (aljiivstar
elastic, the linear-elastic material model is usethe FE
simulation. The yield strengtfh, and tensile strengtfrs
are both set on 574 MPa (see Figure 2).

Figure 4 shows summarisation of the results. Mimmu
safety factor F is in free porous FE model (0% pibyd
approximately 1.4. It corresponds roughly with nmacim
principal stresseS; of 400 MPa. 400 MPa is given loading
in the FE model - the FE model is verified.

3 Results . ) Figure 4 shows a minimal safety factor for 0% (jpro
Stress behaviour is for comparison expressed yysaf o FE model), 1% and 2% porosity. Free porous FE

factor simply as F_61/6Ts (Maximgm_ tensile stress failure ,o4el gives the highest safety factor almost 1d the
theory), where6, is maximal principal stress. It can begmgjlest safety factor 0.365 is calculated for 28topity
shown thaiG, corresponds witldy (stress component in \ith 20 pores (d=3.57 um). Pores reduce safetyorfact
the loading direction, see Figure 1). Maximal pigat gjonificantly going from free porous FE model to 1%

stress criterion has been identified as suitable foo ity Porosity is changed negligible between dtd
describing failure in presence of defects (poradrittle 5o, porosity. Values are taken from whole model and

materials [26,28]. _ minimum value is not located in the one position.
Presented Safety factor can be viewed only as a

comparison measure among presented model variations
Figure 3 shows Safety factor F distribution for 1%
porosity FE model with pore diameter d=3.57 um.
Distribution of the safety factor around all porgsow
similar behaviour — Minimum safety factor F is cdéted
perpendicular to the loading direction. Pores &retched
in the deformation direction (Y-Axis). It can besamed
that crack would start to initiate and growth indéd from
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Figure 4 Minimal Safety factor F for 0% (free posobE
model), 1% and 2% porosity. 2% porosity with 20gs0d=3,57
um) gives the smallest safety factor. The higbefsty factor is

calculated for free porous FE model

o

Figure 5 shows Maximal displacemeny Id the Y
direction (see Figure 3) for free porous FE moiiés, and
2% porosity. Highest displacement is calculated 2%
porosity with 10 pores (d=5.05 pm). Smallest dispiaent
is calculated for free porous FE model.
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Figure 5 Maximal displacement,Uor 0% (free porous FE
model), 1% and 2% porosity. 2% porosity with 10gs0d=5.05
um) gives highest displacement. Smallest displecein

calculated for free porous FE model

Figure 4 and 5 show significant different betweref

porous FE model and porous FE models. Stress lmhavi
in Figure 4)8] LI, D., LI, Z,, LV, C., ZHANG, G, YIN, Y.:A

(expressed through Safety factor F
demonstrates bigger differences

than displacement predictive model

element simulation. Simulations show that overatbgity

(in %) has a more pronounced effect on the mechhnic

behaviour than number or size of pores. The eféattore
prominent for stress behaviour (expressed throwfatys
factor F) than for displacement.

References

[1] KITTNER, K., FEUERHACK, A., FORSTER, W.,
BINOTSCH, C., GRAF, M.:Recent Developmel
for the Production of ~Mg CompoundsMaterials
Today, Proceedings, Vol. 2, pp. S225 - S232, 2015.

[2] PARK, K., PARK, J., KWON, H.:Effect of
intermetallic compound on the Alg composit:
materials fabricated by mechanical ball milling
spark plasma sinteringJournal of Alloys an
Compoundsyol. 739, pp. 311-318, 2018.

[3] SHAHID, R.N., SCUDINO, S.Microstructure an
Mechanical Behavior of AMg Composite
Synthesized by Reactive Sinterindetals Vol. 8,
2018.

[4] GAO, T., LI, Z., HU, K., HAN, M., LIU, X.:
Synthesizing (ZrAl3+ AIN)/Mg—Al composites by
‘matrix exchange’ methodResults in Physi¢¥/ol. 9,
pp. 166-170, 2018.

[5] DUNSTAN, M.K., PARAMORE, J.D., FANG, Z.Z.:
The effects of microstructure and porosity on
competing fatigue failure mechanisms in pov
metallurgy Ti-6Al-4V, International Journal c
Fatigue,Vol. 116, pp. 584-591, 2018.

[6] LI, X., OLOFSSON, U.A study on friction and wei
reduction due to porosity in powder metallurgicn
materials,Tribology International Vol. 110, pp. 86-
95, 2017.

[7] PARK, J., LEE, S., KANG, S., JEON, J., LEE, S.H.
KIM, H.-K., CHOI, H.: Complex effects of allc
composition and porosity on the ph
transformations and mechanical properties of po
metallurgy steelsPowder Technologyol. 284, pp
459-466, 2015.

of the effective tensile :

(Figure 5) among free porous FE model and porous FE compressive strengths of concrete consid

models. Differences between 1% and 2% porosityesme

porosity and pore sizeConstruction and Buildin

pronounced and no conclusion can be made aboutatumb  Materials Vol. 170, pp. 520-526, 2018.

and size of pores (2% porosity). Only the overatgsity
(in %) regardless size and number of pores is iecier
the mechanical behaviour of Al-Mg composite witiah
Mg volume content V=60%.

Conclusions

This paper investigates effect of porosity on the

mechanical behaviour of hot-pressed, reactive radtal-
Mg composite. Al-Mg compositeith initial Mg volume

content of 60% has been investigates by meansibé fi

[9] LIAN, C., ZHUGE, Y., BEECHAM, S.:The
relationship betweeporosity and strength for porc
concrete, Construction and Building Materials
Vol. 25, pp. 4294-4298, 2011.

[10] ZINGG, L., BRIFFAUT, M., BAROTH, J.,
MALECOT, Y. Influence of cement matr
porosity on the triaxial behaviour of concrete,
Cement and Concrete Researdi). 80, pp. 5259,
2016.

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 4 2018 Issue: 4 Pages: 59-62 ISSN 2453-675X

ON MECHANICAL BEHAVIOUR OF PRESSURE-ASSISTED, SINTERED Al-Mg COMPOSITE
Michal Kracalik

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

BENOUIS, A., GRINI, A.: Estimation of Concrete's Journal of Non-Crystalline Soligsvol. 432, pp
Porosity by Ultrasound®hysics Procediavol. 21, 510-518, 2016.

pp. 53-58, 2011. [22] EJIOFOR, J.U., REDDY, R.G.: Characterizatizn
CHOO, H., JUN, H., YOON, H.-K.:Porosity pressure-assisted sintered Al-Si composites,
estimation of unsaturated soil using Bruts Materials Science and Engineering:¥ol. 259, pp
equation, Soil Dynamics and Earthqua 314-323, 1999.

Engineering,Vol. 104, pp. 33-39, 2018. [23] VAFA, N.P,, ASL, M.S., ZAMHARIR, M.J.,
HOLTHUSEN, D., BRANDT, A.A., REICHERT KAKROUDI, M.G.: Reactive hot pressing of ZrB2-
J.M., HORN, R.:Soil porosity, permeability ar based composites with changes in ZrO2/SiGor
static and dynamic singth parameters under nai and sintering conditions. Part |: Densificai
forest/grassland compared to no-tillage cropping, behavior, Ceramics International Vol. 41, pp
Soil and Tillage Researchol. 177, pp. 11324, 8388-8396, 2015.

2018. [24] LO, W.-T., NAYAK, P.K., LU, H.-H., LII, D.-F,
MUNKHOLM, L.J., HECK, R.J., DEEN, B, HUANG, J.-L.: Evolution of binary phas
ZIDAR, T.: Relationship between soil aggrec TiC/Ti3SiC2 composites from TiC/Ti/Si by hot-
strength, shape amwrosity for soils under differe pressed reactive sinterinyyjaterials Science ar
long-term managemenGeoderma Vol. 268, pp Engineering: BVol. 172, pp. 18-23, 2010.

52-59, 2016. [25] FOGAGNOLO, J.B., PALLONE, E.M.J.A.
TSENG, C.L., ALVES, M.C., MILORI, D. M. B. P. MARTIN, D.R., KIMINAMI, C.S., BOLFARINI,
CRESTANA, S..Geometric characterization of < C., BOTTA, W.J.: Processing of Al matri
structure through unconventional analytical tpols composites reinforced with ANi compounds ar
Soil and Tillage Researchvol. 181, pp. 3745, Al203 by reactive milling and reactive sintering,
2018. Journal of Alloys and Compoundsol. 471, pp
PIRES, L.F., BRINATTI, AM. SAAB, S.C., 448-452, 2009.

CASSARO, F.A.M.: Porosity distribution b [26] FATEMI, A., MOLAEI, R., SHARIFIMEHR, S,
computed tomography and its importance PHAN, N., SHAMSAEI, N.: Multiaxial fatigue
characterize soil clod sample&pplied Radiatio behavior of wrought and additive manufactured Ti-
and IsotopesVol. 92, pp. 37-45, 2014. 6Al-4V  including surface finish  effect,
NOVAK, P., MICHALCOVA, A., VODEROVA, International Journal of Fatiguevol. 100, pp. 347-
M., SIMA, M., SERAK, J., VOJECH, D 366, 2017.

WIENEROVA, K.: Effect of reactive sinterir  [27] MOLAEI, R., FATEMI, A., PHAN, N.:
conditions on microstructure of Fe—Al-Si alloys, Significance of hot isostatic pressing (HIP)
Journal of Alloys and Compoundsol. 493, pp. 81- multiaxial deformation and fatigue behaviooé
86, 2010. additive manufactured Ti-6AV including builc
TOSCANO, J.A.G., FLORES, A.V., SALINAS, orientation and surface roughness effects,
AR., NAVA, E.V.. Microstructure o International Journal of Fatigueyol. 117, pp. 352-

Al9(MnFe)xSi intermetallics produced by pressure- 370, 2018.
assisted reactive sintering of elemental AlIMnl  [28] MOLAEI, R., FATEMI, A.: Fatigue Design wit

powder mixturesMaterials Letters Vol. 57, pp Additive Manufactured Metals: Issues to Gutel
2246-2252, 2003. and Perspective for Future Resear&hpcedic
GAN, L., PARK, Y.-J., ZHU, L.-L., GO, S.-1., KIM, Engineering,Vol. 213, pp. 5-16, 2018.

H., KIM, J.-M., KO, J.-W.: Fabrication ¢
transparent LaYZr207 ceramic by reactive hotpayiew process

pressing sintering from commercial raw pOWderSSingle-innd peer review process.
Materials LettersVol. 189, pp. 256-258, 2017.

QIANG, Q., XINGHONG, Z., SONGHE, M.,
WENBO, H., CHANGQING, H., JIECAI, H.
Reactive hot pressing and sintering characteria
of ZrB2-SiC-ZrC compositesylaterials Scienc
and Engineering: AYol. 491, pp. 117-123, 2008.

XIA, L., ZHONG, B., SONG, T., WU, S., ZHANG,
T., WEN, G.:Reactive hot pressing and mechar
properties of B4C/Li20-Al203-SiO2 composites,

Copyright © Acta Tecnologia, www.actatecnologia.eu



