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The paper emphasizes harmonized recommendations for mechanical tests of
highly-porous aluminium and aluminium foam to be applicable for analysing
their compression response under quasi-static loading as well as determining
reliable and reproducible results essentially required for practice problems of
engineering design. Key mechanical parameters are designated and specified
by considering distinctive features of deformation patterns indicative of po-
rous aluminium and aluminium foam with a cellular structure. Special atten-
tion is paid to the problem related to inhomogeneous deformation of the
above-mentioned materials, resulting in variation of quasi-elastic structural
stiffness as well as shape and length of plateau regime of the stress—strain
curve. Application of the harmonized recommendations is demonstrated with
using several kinds of foam aluminium fabricated in line with different pro-
cessing route. Using the above recommendation, significant effect of pro-
cessing additives on micromechanism of deformation and, in turn, on macro-
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scopic compressive response of Al foams resulted from contamination of the
cell wall material by side products is shown and clarified.

Key words: porous metals, metallic foams, compression test, quasi-static
loading.

B po6oTi BucBiT/IeHO HOBiITHI YHOPMOBaHiI peKOMeHAIlil CTOCOBHO MeXaHiYHUX
BUIIPOOYBaHb BHCOKOIIOPYBATOrO Ta CIIiHEHOTO aJTIOMiHiI0, AKi € mpugaTHUMUI
IJIS aHAJNi3y MeXaHiuHOl IMOBeJiHKM IIMX MATEepPisjiB B yMOBaX CTHUCHEHHS Ta
OTPUMAaHHA HANIHUX Ta BiATBOPIOBAaHUX pe3yJbTaTiB, iCTOTHO HeoOXimHmMX
IS BUPIIIeHHS 3a7]aY iHKeHepHOI IPaKTUKK. 3 ypaxXyBaHHIM 0COOJIMBOCTEHM
nedopMaIlifHUX KPUBUX, IPUTAMAHHIX KOMipUacTiii CTPYKTYpPi BUCOKOIIOPY-
BaTOr0 Ta CHiHEHOro AJIIOMiHiIO0, HaZaHO BiZJOMOCTi IITOAO BU3HAUEHHS IiXHIiX
KJIOUYOBUX MEXaHIYHUX XapakTepucTuk. Oco6JuBY yBary mpuIiJieHO HEOTHO-
pizHOMY XapaxkTepy AedopMailiii 3a3HaUeHUX MaTePiAIiB, IO COPUIYNHAE 3Mi-
HU y CTPYKTYPHi#A mynkocti, a Takok (opMi Ta ZOBKUHI AiNAHKU IIJIaTO Ha
KpuBili «HaNpyKeHHI—AedopMallisa». 3aCTOCYyBaHHSI YHOPMOBAHUX PEKOMEH-
mariit 0yJio MpoJeMOHCTPOBAHO i3 3aCTOCYBaHHAM IEKiJIbKOX BHUIIB CIIiHEHOTO
aJIOMiHiI0, BUTOTOBJIEHOTO 3a PiBHMMHU TEXHOJOTIUHMMHU IIpolleaypamMu. 3
ypaxyBaHHSAM BHCBITJIEHNX PEKOMEHJAIIill 3apeecTPOBAHO iCTOTHUII BIJIUB
TEeXHOJIOTIYHUX AOJATKiB Ha MiKpomexaHisM medopmariii Ta, AK HacJaiIoK, Ha
MeXaHiuHy IIOBEIiHKY CIIiHEHOTO aJIIOMiHil0 B I[iJIOMY, IO IIOACHIOETHCA 3a-
OpyOHEHHAM MATEPifAay CTIiHOK MisK KOMipKaMu CTOPOHHIMHU IMPOAYKTAMHU pe-
aKI[if.

KarouoBi cimoBa: mopucti meranu, mMeraneBi miHu, BUIPoOyBaHHS HA CTHUCK,
KBasuUCTaTUYHE HABAaHTAKEHHS.

B paGoTe npuBeeHbI COBpEMEHHbIe PEKOMEHIAIINY IJIs MEXaHNYEeCKUX MCIbI-
TaHUHM BBICOKOIIOPHCTOTO 1 BCIIEHEHHOTO AJIOMUHUS, KOTOPbIE IPUTOMHBI AJIA
aHaJaM3a MeXaHUYEeCKOTr0 MOBEIEeHUA 9TUX MATepUajioB B YCIAOBUAX CKATUA U
MOJIYYEeHU S HAAEKHBIX U BOCIIPOU3BOAUMBIX PE3YyJIbTATOB, HEOOXOMUMBIX IJIs
pelieHus 3a7a4 NHKeHepHOM npakTuku. C yuéTom ocobeHHOCTEH AedopMaliu-
OHHBIX KPHUBBIX, IPUCYIIUX AYEHCTON CTPYKTYpPEe BLICOKOIOPHUCTOr'O M BCIIE-
HEHHOI'0 aJIIOMUHUS, IPEICTABJIEHLI CBeJeHN S OTHOCUTEILHO OIIPEIeIeHUA NX
KJIIOUEBBIX MeXaHNUeCKUX xapakrtepuctuk. Ocoboe BHUMAaHUE yIeJIeHO HEO-
HOPOJHOMY XapakTepy Aed)opMaIlNy YKA3aHHBIX MaTEePHAaJIOB, YTO BLI3BIBAET
U3MEHEHUA B CTPYKTYPHOI JKECTKOCTH, a TaK:Ke popMe U JJIMHE yUacTKa IJjIa-
TO Ha KPUBOH «HaAIpsKeHHe—aedopmalusa». IIpumenenue paspab0TaHHBIX
PexoMeHIanui OBLIO IIPOJAEMOHCTPUPOBAHO C HCIIOJb30BAHMEM HECKOJbLKUX
BUOB BCIIEHEHHOT'O AJIOMHHUS, NU3TOTOBJIEHHOTO II0 PA3JUUYHBLIM TE€XHOJOTH-
YeCKUM IpolenypaMm. PaspaboTaHHBbIE PEKOMEHAAIINK II03BOJIMJIN 3apPeru-
CTPUPOBATH CYIIIECTBEHHOE BIUSHUE TEXHOJOTUUECKUX JOOABOK Ha MUKDPOMe-
xaHU3M gedopmanuu u, Kak CIeICTBUE, Ha MeXaHWUYeCKoe MOoBeJeHNe BCIIe-
HEHHOT'0 aJIOMUHUS B IIEJIOM, UYTO OO'BACHSETCA 3arpA3HEHUWEeM MaTepuajia
CTEHOK MEX Iy TueiiKaMu I000UHBIMH IIPOAYKTAMU PeaK (Ui,

Karouesslie cioBa: IIOPUCTHhI€ MeTaJlJIbl, METAJIJIMUECKNE II€Hbl, UCIIBITAHE Ha
Cc)aTtue, KBaduCrTaTuueCKad Harpyska.
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1. INTRODUCTION

Highly-porous aluminium and aluminium foams are a group of a new,
as yet unfamiliar to the most engineers, class of materials with cellular
structure and unique combination of low density and novel physical,
mechanical, thermal, electrical, and acoustic properties [1, 2]. In par-
ticular, they have stiffness/mass ratio which superiors by several
times to that of dense aluminium alloys commercially available today.
Moreover, highly-porous Al and Al foams show exclusive capacity to
undergo large strains (up to 60-70%) at an almost constant stress in
compression, providing their remarkable ability to absorb mechanical
energy and making them attractive for different engineering applica-
tions where effective utilization of impact energy is required and, par-
ticularly, for those in transport industry [1-3]. Because of this, there
has been extensive interest in development of production and mechani-
cal performance of Al foams and highly porous Al[1, 2, 5—14]. Howev-
er, despite of promising structural and functional properties of the
above materials, their penetration in market by application in engi-
neering practice is yet strongly limited. Besides technical and econom-
ical limitations, lack of guidelines addressed to engineering design
and, particularly, those related to designation of mechanical perfor-
mance metrics for the above materials impedes their transfer in engi-
neering practice. However, the deformation behaviour of cellular met-
als including porous Al and Al foams is quite different from conven-
tional dense materials and dependent on volume fraction of solid, i.e.
relative density p/p, (wWhere p is density of cellular structure and p, is
density of the solid). Because of this, test method procedures ad-
dressed to determining the set of mechanical parameters for conven-
tional metallic materials are not appropriate for porous Al and Al
foams. Whereupon, theoretical models [1, 3, 9, 10] based on an ideal-
ized representation of cellular structure were found to be inadequate
to represent the actual profile of mechanical properties for real porous
metals and metallic foams [9, 10]. Different imperfections existing in
real Al foams, processing additives, and variation in the testing condi-
tions result in considerable disagreements between experimental re-
sults and theoretical predictions [10, 15—-22]. Thus, specification of
mechanical tests for porous Al and Al foams with well-defined data re-
lated to microstructure of the cell wall material is a way to provide for
validity of material verification essential for engineering design.
Guidelines for test method procedure suitable for porous Al and Al
foams are originated from distinctive features of their compressive
response. Figure 1 shows schematically distinctive features of com-
pressive response of highly porous Al and Al foam with relative densi-

ty p/p,<0.5.
Linear elastic regime I before general yielding is followed by well-
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defined plateau regime II that continues up to large strains beyond
which the stress increases sharply within densification regime III. It
was specified that linear elastic response be related to cell edge bending
in open-cell material while the edge bending combined with face
stretching is typical for closed-cell foam [3, 9].

As the stress increases, the cells begin to collapse in response to
roughly constant stress by elastic buckling, yielding or fracture, de-
pending on the nature of the cell wall material [3, 9]. As shown in Fig.
1, plateau stress is smooth for elastic-plastic material while numerous
hardening/softening sequences are visible in plateau stress when local-
ized crushing of deformation bands contributes in geometrical cell col-
lapse. In the case of closed-cell foam, tensile membrane being originat-
ed under the pressure of entrapped gas leads to stretching of cell faces
and, as consequence, causes the stress to rise up gradually up to densi-
fication [1]. Once all of the cells have collapsed, further deformation
causes opposing cell walls to touch each other, originating sharp in-
creasing the stress. Finally, material commences to densify complete-
ly. Of importance is the fact that open-cell material is strain rate in-
sensitive while rate sensitive response may be expected for closed-cell
Al foam, for which elastic-plastic is typical and, hence, micro-inertia
effect dominates [23—25]. The latter effect results in the increase of
plateau stress when strain rate increases essentially. The next charac-
teristic feature concerns the initial responses of highly porous Al and
Al foams, as can be seen in Fig. 2.

The slopes of the loading and unloading curves for elastic-plastic
deformation are not identical. The slope of the loading curve is much
lesser than that of unloading curve, indicating that local plastic de-
formation within the cell walls even at low strains and reducing the
loading modulus below the unloading modulus. Because of this deter-

a
\ P1/Ps b
P1/Ps > Pa/Ps III. Densification pz/p,g
T~ 4

7

II. Plateau (plastic yielding) )

v 2 T~ _7

M 11 Plateau (ductile yielding /brittle failure)
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S
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-
\
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N
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-
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Fig. 1. Schematic presentation of compression stress—strain curves for porous
Al and Al foam showing the linear elastic, plateau and densification regimes:
plastic cell collapse (a), cell collapse partially affected by fracture mode (b).
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mining the stiffness m of porous Al and Al foams is realized with pre-
cautions shown schematically in Fig. 2 to overcome the risk of strong
scatter of the data, ensuring the reproducibility of results.

The intent of the present paper is to clarify the distinctive features
of test method procedure applicable for porous Al and Al foams, which
is based on Standard ISO 13314: 2011 newly developed for compression
test for porous and cellular metals.

2. COMPRESSION TESTING OF POROUS ALUMINIUM
AND ALUMINIUM FOAMS

Harmonized conditions for compression tests are primary applicable
for materials having cellular structure and relative density less than
p/ps = 0.5 [26]. Compression tests are carried out by using universal
servo hydraulic testing machines under displacement control and
strain rates varied from 1-10% to0 1.3:107' s™'. The specimens are placed
between two lubricated (e.g., by graphite) and parallel steel plates of
the hardness not less than 60 HRC. The dimensions of specimen with
no skin have to be chosen in such a way that the each spatial direction
should contain at least ten cells to avoid size effect. Specimens of cy-
lindrical or rectangular shape and the ratio of length to diameter/edge
between 1.5 and 2.0 are used to establish plane-strain conditions. Rec-
ommended dimensions of samples are 50 mm in diameter/edge and
length of 100 mm. Number of tested specimens should be not less than
three although five ones are more acceptable. One additional specimen
is required for a pre-test. Pre-test at strain rate of é =102 s is im-
plemented prior final testing to estimate the rough level of plateau
stress ,,.. In the final test, the sample is pre-loaded up to 0.02c,, at the

Nominal stress ¢

1 I !
0.2 0.3 0.4 0.5 0.6

Nominal strain g

Fig. 2. Schematic presentation of determining the structural stiffness m from
initial region of stress-strain curve recorded in compression of porous Al and
Al foams.
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strain rate é =107 s'. Then, the sample is subjected to the loading to
roughly about 0.7c, when nominal strain € remains less than =0.01.
Prior continuation of compression, the specimen is unloaded to 0.2c,
and, then, reloaded to identify Young’s modulus as a quasi-elastic
structural stiffness m being determined by the slope of secant line in
hysteresis loop and shown by dashed line in Fig. 2. In addition, zero
point for compression strain is defined by the intersection of quasi-
elastic secant with abscissa, as shown in Fig. 2. Compression at the
strain rate of é =102 s is used until the strain reaches the value €=
=0.2. Further compression test can be fulfilled either at the same or at
the higher strain rates, i.e., from é =107 s to ¢ =10 s™. The test
can be terminated when compressive stress exceeds the value about ¢ =
=1.30,, suggesting global densification of structure.

Besides quasi-elastic structural stiffness m, offset yield strength c,,
and plateau strength o, are the most important characteristics as to
design purposes. Yield strength o, is found at the onset of yielding and
defined as the stress usually corresponding to nominal strain about € =
=0.01, as shown in Fig. 3. Upper yield strength ¢*” can additionally be
measured when pronounced peak stress arises at the onset of global col-
lapse. In this case, ratio ¢ /6, may be used as a measure of ductility
for cellular structure. Plateau strength o, is defined in slightly differ-
ent ways. Generally, the above strength characteristic is ascribed to
the plateau stress either at the strain of £ = 0.2 or that of €= 0.4. In ad-
dition, plateau strength reached just at the densification regime is also
important. For this purpose, densification strain €, has to be defined as
the first step. The latter corresponds to crossing the tangent to defor-
mation plateau and that to onset of densification, as shown in Fig. 3. In
any way, nominal strain € at which plateau stress was determined has

Nominal stress ¢

e=0 0.1 0.2 0.3 0.4 Ep 0.6
Nominal strain &

Fig. 3. Schematic presentation of determining key mechanical parameters
from stress—strain curve recorded in compression of porous Al and Al foams.
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to be pointed out in the test report.

Area below plateau regime limited to densification strain g, specify
capability of cellular material to absorb mechanical energy E, as shown
in Fig. 3. In addition, energy absorption at nominal strains such as
£=0.2 and €=0.4 can be identified when it is necessary.

3. EXPERIMENTAL EVALUATION OF COMPRESSIVE RESPONSE
FOR ALUMINIUM FOAMS

3.1. Materials and Processing

As an example, capability approval of harmonized test method proce-
dure listed above (see Section 2) for analysis compressing response
were done by using different kinds of closed-cell Al foams denoted here
as F,, F,, F,, F,, as listed in Table 1. Relatively ductile Al-Si—Mg-alloy
with composition Al-1Mg-0.6Si—0.28Cu—0.2Cr (similar to 6061) and
Al-Zn—-Mg-alloy with composition Al-5.5Zn-3Mg—0.6Cu—0.5Mn
(similar to 7075 alloy) doped additionally by small amount (<0.6%
mass) of Sc and Zr were used as parent alloys in experiments.

As shown in Fig. 4, a, microstructure of AlSiMg-alloy consist of
coarse a-Al dendrites rounded by thin network of the eutectic domains.

The results of elementary distribution combined with evidences of
appropriate phase diagrams testify that composition of eutectic do-
mains of Al-Si—Mg-alloy are found to be compositionally corresponded
to either E (a-Al + Mg,Si) (1) or E {a-Al + S(AL,CuMg)} (2) that includes
a few zones of E (a-Al + CuAl,) (3).

Dendrites of «-Al are rounded by interdendritic network of brittle E
{a-Al + T(AICuMgZn)} redundant phase (4) together with randomly
scattered primary crystals of Al;(ScZr) intermetallic compound (5) are

g3,
IMRAM COMP  15.8kV %8001 0 pMKD11mm

Fig. 4. SEM micrographs for microstructure of parent alloys Al1-Mg-0.6Si-
alloy (a) and Al-Zn—Mg-alloy (b): E (a-Al + Mg,Si) (1), E {a-Al + S(Al,CuMg)}
(2), E (a-Al + CuAly) (3), E {a-Al + [T(Mg;Zn;Al,) + T(CuMg,Aly)]} (4),
Al;(ScZr) crystals (5).
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TABLE 1. Characteristics for different kind of Al foams and cell wall solid
materials.

Cote] Parentatloy | g Srpeessne - [Relaiyelopion || selidvied
F, 6061 1.5-TiH, + 1-Ca 0.26 124+11.2
F, 6061 2:CaCOyq 0.28 178+10.0
F, 70759 2.CaCO; +1-Ca 0.26 213+£9.5
F, 70759 2:CaCOyq 0.28 260+13.0

Note: Valloy was additionally doped by small amount of Sc and Zr (totally of 0.6% wt.),
?p and p,_ correspond to the density of foam and dense solid, respectively.

found in microstructure of AlZnMg-alloy, as shown in Fig. 4, b. In ad-
dition, pronounced segregation of alloyed elements is visible within
eutectic domains since T(AICuMgZn) phase is a mixture of two differ-
ent phase, i.e. T(Mgs;Zn;Al,) and T(CuMg,Alg). It is a fact of great im-
portance that fraction volume of eutectic domains contained by Al-
Zn—Mg-alloy much superior to that presented in AlI-Si—Mg-alloy.

All kinds of Al foams were fabricated in line with melt processing
like Alporas route, in which either titanium hydride TiH, (F,) or cal-
cium carbonate CaCO; (F,—F,) were employed as foaming agents and
produced either with or without Ca additive introduced into melt as
thickening agent, as evidenced from Table 1. In addition, the Ca-
bearing Al foams (F,, F;) were fabricated according to procedure de-
scribed in details in [12—14] while the Al foams (F,, F,) were produced
using modified processing route [8].

3.2. Compressive Testing

Several prismatic specimens with dimensions 20x20x30 mm?® and com-
parable relative density p/p, were machined from large foamed blocks.
All the foamed samples were compressed in line with newly developed
recommendations, which are presented in subscription 2. In addition,
several samples of the same dimensions and compositions roughly cor-
responded to the cell wall materials, which are formed in the studied Al
foams, were fabricated by casting and then subjected to compression to
determine their yield strength ¢, listed in Table 1. Quasi-static tests of
the samples were performed under uniaxial compression by using In-
stron testing machine.

3.3. Results and Discussion

Figure 5 shows compressive stress—strain curves for the different
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kinds of Al foams with roughly comparable relative density. As an ex-
ample, determination of the structural stiffness m and zero point for
compression strain of the Al foam F, are also shown in insertion of
Fig. 5.

It can be seen that Al foams exhibit rather different quasi-elastic
structural stiffness m and shape of deformation patterns. The slope of
the stress—strain curve before yield for the Al foam F, is greater than
that for the other kinds of the Al foams (F,, F5, and F,), which demon-
strate rather similar elasticity stiffness. Pronounced differences
among deformation patterns for different kinds of Al foams are re-
vealed under plateau regime. Smooth plateau stress is observed for the
Al foam F; while inhomogeneous microscopic deformation is typical
for the Al foams F,, F,, F,. Beyond the yield, the Al foams F,, F,, F,
display peak stress that is followed by a load softening to plateau re-
gime.

In addition, pronounced oscillations superimposed upon increasing
plateau stress level with increasing strain are found to be typical for
the Al foams F;, F, while only a few very small hardening/softening
sequences are visible in deformation pattern of the Al foam F,.

The above deformation events are commonly ascribed to brittle fail-

50

Nominal stress o, MPa

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Nominal strain ¢

Fig. 5. Stress—strain curves for different kinds of Al foams with roughly
comparable relative density. Determination of the structural stiffness m and
zero point for compression strain of the Al foam F, is shown as example at the
upper left-hand corner.
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ure of the cell walls resulted from the presence of brittle constituents,
which contribute in the cell geometrical collapse [11-14]. In addition,
hardening rate for different kinds of Al foams is rather different and
dependent on contribution of brittle failure mode. Actually, hardening
rate for the Al foam F, processed with relatively ductile Al-Si—-Mg-
alloy much superior to that of the other kinds of Al foams. Contribu-
tion of brittle failure mode in geometrical collapse is the most pro-
nounced for the Al foam F, whose cell wall material comprises brittle
eutectic domains. Attention is paid to substantial strength degrada-
tion of the Ca-bearing Al foams F,, F; compared to the Al foams F,, F,
processed with the same parent alloys but without Ca additive. Actual-
ly, addition of Ca in the melt leads to substantial softening of dense Al
alloys, as evidenced from Table 1. Pronounced difference in structure
of the cell wall material resulted from addition of Ca was originally
shown in [14]. Figure 6 shows microstructure of the cell wall material
for the Al foams F;, F; processed with Ca additive.

The results of elementary distribution specified rearrangement of
alloyed elements, resulting in formation of foreign Ca-bearing eutectic
zones/particles. Besides E (a-Al + Mg,Si) eutectic domains indicative
of parent Al-Mg-Si alloy, foreign eutectic zones such as E (x-Al+
+ Al,Ca) (6), E (a-Al + Al,CaCu) (7) and crystals/particles of Al,CaSi,
are formed in the Al foam (F,), as shown in Fig. 6, a. In addition, parti-
cle of partly decomposed TiH, rounded by Al,Ti/Al,T layer are also
presented in the microstructure of the Al foam (F;) processed with ti-
tanium hydride. The most sizable disturbance of material microstruc-
ture induced by Ca additive is found in Al-Zn—Mg-alloy, as can be seen
in Fig. 6, b. Dissolved Ca is largely accumulated within the eutectic
domains of redundant phase, stimulating outflow of Mg into Al ma-

Fig. 6. SEM micrographs of the cell wall materials for the Al foams F, (a) and
F, (b) both processed with Ca additive. In (a), E (a-Al + Al,Ca) (6), E (a-Al +
+ Al,CaCu) (7), crystals/particles of Al,CaSi, (8), particle of partly decom-
posed TiH, rounded by Al,Ti/AlLT layer (9); in (b), E {a-Al + T(Al,CaZn,)} (10),
E {a-Al + T(Al,CaCu)} (11), E {a-Al + {T(Al,CaZn,) + T(AL,CaCu)} (12).
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TABLE 2. Key mechanical parameters for different kinds of Al foams.

Experimental results Theoretical

Code G”IL)’a Gy/ Oys G:p / Oy &a O_pll)/ Oys GPZZ)/ Oys GplS)/ Oys ng)r,n?’ prgg‘:lc/t;;ns
F, 3.750 0.04 - 0.3 0.07 - 0.08 2.2 0.15
F, 5.960 0.07 1.08 0.38 0.11 - 0.15 7.0 0.17
F, 4.615 0.03 1.10 0.42 0.04 0.05 0.06 3.2 0.15

F, 5.660 0.06 1.16 0.5 0.05 0.06 0.07 7.2 0.17

Note m—quasi-elastic structural stiffness, o,—offset yield stress, Gy" —peak stress,

—plateau stress at the prescribed strains such as g = 0. 2, % = 0.4, Ye =g, g,—
dens1f1cat10n strain, Yenergy absorption up to densification, 5)calculated over theoret-
ical relations [9] the same as it was fulfilled previously [13, 14].

trix. As a result Ca-bearing intermetallic compounds such as Al,CaZn,
(10) and Al,CaCu (11) are formed in eutectic domains since they are the
most expected products appointed by corresponding phase diagrams. It
is noticeable that despite of softening effect the above Ca-bearing com-
pounds remain quite brittle for crack initiations, as was shown in [14].

The above structural characteristic features affect compressive re-
sponse of Al foams, which give different values of key mechanical pa-
rameters listed in Table 2. Standard deviation in structural stiffness m
associated with Young’s modulus varied between 5% and 25% of the
mean, while deviations in the compressive stresses ¢, and o, were
found to be typically between 5% and 15% , respectively.

Several aspects are reasonable to be mention here. Quasi-elastic
structural stiffness m increases as relative density p/p, increases. Mi-
cromechanism of deformation dominates considerably all the other
strength properties although variation of relative density p/p, has
much smaller effect. Increased ratio c“” /c, as a measure of ductility
for cellular structure suggests contribution of brittle failure mode in
cell geometrical collapse. The latter increased as the value of ratio
o)’ /o, increases. It is noticeable that increased contribution of brittle
failure mode provides for increasing the strain that Al foams can un-
dergo up to densification, resulting in enhancement of energy absorp-
tion under plateau regime. Attention is paid to discrepancy of the ac-
tual compressive strength for Al foams and theoretical predictions,
making necessity of compression testing of strong importance to
achieve reliability of engineering design.

4. CONCLUDING REMARKS

Comprehensive details of distinctive features required for compres-
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sion tests of porous Al and Al foams was done on the base of newly de-
veloped Standard ISO. Special attention was paid for determination of
key mechanical parameters. Among them, (i) quasi-elastic structural
stiffness m as equivalent of Young’s modulus for dense materials, (ii)
compressive offset yield stress, (iii) plateau stress that is strongly de-
pendent on processing route and, hence, on ductility and damage be-
haviour of the cell wall materials were designated as those the most
important for engineering design.

Successful application of harmonized recommendations was demon-
strated for determination of key mechanical parameters of several
kinds of closed-cell Al foams, all fabricated via melt processing like Al
pores route in which either titanium hydride TiH, or calcium carbonate
CaCO; were employed as foaming agents. Significant effect of pro-
cessing additives on micromechanism of deformation and, in turn, on
macroscopic compressive response of Al foams resulted from contami-
nation of the cell wall material by side products has been shown and
clarified.
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