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The microstructure, tensile and fatigue properties of the magnesium alloy AZ91 pre-
pared by two different casting methods, i.e. by conventional sand casting and squeeze
casting, were studied. In addition, the morphology of fracture surface of fatigue speci-
mens was examined. The mechanisms of crack initiation and growth were studied, too.
Correlations between the occurrence of structure defects and the deterioration of alloy
properties were looked for. The tensile and fatigue properties of the squeeze-cast samples
were found to be better than those of the sand-cast samples. The former samples possess
a finer grain structure and, in contrast to the latter, rarely contain tiny pores. The mean
fatigue life for 50% probability to failure of the sand-cast alloy is of 3.3 × 105 cycles at
maximum stress of 90 MPa and 3.9 × 104 cycles at maximum stress of 100 MPa. The
squeeze-cast alloy exhibits fatigue life of 3.3 × 105 cycles at the higher load, i.e. 100 MPa.
The number of fatigue cycles to fracture is affected appreciably by structure defects, i.e.
by the presence of pores in the sand-cast material and of inclusions, oxide film and phase
clusters in the material prepared by squeeze casting.
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1. Introduction

Magnesium alloys are at present subject of extensive investigation. In addition
to aluminium alloys, magnesium alloys can be employed with a view to achiev-
ing appreciable weight reduction of vehicles, cars in particular [1, 2, 3]. Efforts
are made to benefit from the assets of Mg alloys, especially from their favourable
density-strength ratio. Furthermore, shortcomings such as low stability at high tem-
peratures [4], low plasticity [5, 6], and poor fatigue properties [8, 9], that were the
limiting factors for the wider application of these alloys, are nowadays overcome for
most part. Currently, cast alloys are predominantly used. In parallel to the devel-
opment of novel types of alloys based on the optimization of chemical composition
by additional elements alloying and of the associated heat treatment and based on
investigations of their precipitation behaviour, new casting technology processes,
such as the squeeze casting method, are being developed [10, 11]. The aim of the
experiments reported here was to compare the structure and fatigue properties of
AZ91 samples obtained by sand and squeeze casting, respectively.

2. Experimental

Specimens of the AZ91 magnesium alloy 90 mm × 70 mm × 200 mm and
100 mm × 100 mm × 67 mm in size were prepared by sand and squeeze casting,
respectively. The chemical composition of the two materials is given in Table 1.
The squeeze casting process was conducted at temperature of 800◦C under Ar +
1 % SF6 protective atmosphere applying a two-stage pressure regime of 50 MPa
and 150 MPa.

Ta b l e 1. Composition of the experimental alloys [mass %]

Al Zn Mn Cu Si Fe Ni

Sand-cast 9.14 0.78 0.23 0.0085 0.024 0.0044 0.0029

Squeeze-cast 9.21 0.71 0.20 0.0032 <0.002 0.0058 0.0036

No additional heat treatment was applied. Samples were taken from the cast-
ings for structure analysis by light microscopy and for tensile and fatigue tests.
Fatigue tests were performed on smooth circular specimens with bodies 7 mm in
diameter, with M 16 × 1 threaded heads. The test specimens were stressed in an
asymmetric cycle with R = 0 on a Testronic 8601 high-frequency pulsator at 85–90
Hz. The test was ultimately completed by fracture. One stress level was chosen and
at least 6 test specimens were tested at this level. The samples for fatigue tests as
well as for tensile tests were taken from different positions along the cross section
of the castings so as to describe the inhomogeneity of the material.
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The fracture surfaces were examined on a JEOL JSM 5510 LV scanning elec-
tron microscope and by light microscopy on metallographic samples oriented per-
pendicularly to the fracture plane in the direction of propagation of the fatigue
crack. In addition to the qualitative assessment of fatigue crack initiation and
propagation mechanisms, the length of fatigue cracks lu was measured in the radial
direction from the initiation point and the total area of fatigue crack projection
Au was determined. The area of the projection of initiation defects Adef was also
evaluated and their location in the interior or at the surface of test specimens
was determined. Defects at the place of crack initiation are regarded as initiation
defects. As proposed in [12], the initiation sites were sorted into two groups with
respect to their distance from specimen surface: surface and internal defects. The
mean diameter of the equivalent circles corresponding to the projected sections Adef
of initiation defects was chosen as the critical distance for this classification. De-
fects at distances larger than this value were regarded as internal defects, whereas
defects at distances smaller than this value and defects adjacent to the surface were
held as external (surface) defects. The stress intensity factor was also determined
as a parameter, which is useful in the assessment of the effect of defects involved
in the initiation of fatigue cracks. For this purpose, the procedure suggested in [13]
was employed. The Kmax,in value was calculated as

Kmax,in = σmax

√
πα

√
Adef , (1)

where σmax is maximum stress, α = 0.65 for surface defects and α = 0.5 for in-
ternal defects. The quantitative evaluation was performed on a Laboratory Imaging
LUCIA DI image analyser.

3. Results and discussion

3.1 S t r u c t u r e a n d m e c h a n i c a l p r o p e r t i e s

The structure of both materials is shown in Fig. 1 and Fig. 2, respectively.
Both samples exhibit cast structure typical of the AZ91 alloy. Due to the low cool-
ing rate, the Mg17Al12 β-phase occurs both in the form of massive well-confined
formations along dendrite boundaries and in the form of fine lamellas discontinu-
ously precipitated in the surroundings of the massive form. The grains are finer in
the squeeze-cast samples than in the sand-cast samples. The mean size of the dend-
rite cells is 400 µm and 125 µm in sand and squeeze cast materials, respectively.
The different cooling conditions resulted in a smaller size of both the primarily
formed and the precipitated β phase in the material obtained by squeeze casting
as compared to the sand casting process. In addition to the β phase, the structure
involves tiny elongated particles of the Mg2Si phase (in the material obtained by
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Fig. 1. Structure of sand-cast AZ91 alloy. Fig. 2. Structure of squeeze-cast AZ91 al-
loy.

sand casting only) and of a Al-Mn type phase. Pores were present in the mate-
rial obtained by sand casting, whereas in the structure of the material obtained
by squeeze casting, pores occurred rarely. The latter material, however, contained
structure defects of the type of phase clusters, oxide film and large inclusions.

3.2 M e c h a n i c a l p r o p e r t i e s

The tensile properties (Rm, Rp0.2 and A) of both cast materials are given in
Table 2. The material obtained by squeeze casting exhibits higher Rm and Rp0.2
than the material obtained by sand casting, although both parameters exhibit an
appreciable scatter in both types of casting. This concerns especially strength. For
Rp0.2 and A, the scatter is smaller for the samples obtained by squeeze casting
than for the samples obtained by sand casting.

Ta b l e 2. Mechanical properties of experimental AZ91 alloy samples

Sand-cast Squeeze-cast

Rm Rp0.2 A Rm Rp0.2 A

[MPa] [MPa] [%] [MPa] [MPa] [%]

Mean 129 85.5 3.2 Mean 169 99.1 3.4

St. dev. 42 15.0 1.4 St. dev. 13.9 0.8 0.3
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3.3 Fa t i g u e t e s t s

The sand-cast material was tested at stress levels of σmax = 90 MPa and 100
MPa at R = 0. The fatigue lives were plotted in log-normal probability scale. The
results, along with the fatigue lives of the material obtained by squeeze casting,
are shown in Fig. 3. It is evident that the distribution of the fatigue lives of the
former material at both stress levels contains two peaks, i.e. the lives fall into two
groups. A similar division of the samples into two groups was observed also in the
case of mechanical properties Rm and Rp0.2 [12].
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Fig. 3. Fatigue life distribution curves for sand cast and squeeze cast AZ91 alloy.

Tentative tests at 90 MPa of the material obtained by squeeze casting indicated
that the lifetime of this material will be substantially longer than that of the sand-
-cast material (over 106 cycles). For this reason, in the case of the squeeze cast
material, only the higher load level, σmax = 100 MPa, was checked. The fatigue
lives of the squeeze-cast samples do not belong to two separate groups differing
by their magnitude, contrarily to the sand cast materials. On the other hand,
the scatter of fatigue lives of both materials is comparable. The mean lifetime for
probability to failure P = 50 % is of 3.3 × 105 cycles and it is the same for both
the sand cast material tested at 90 MPa and squeeze cast material tested at stress
level of 100 MPa. The fatigue resistance of the squeeze cast material is definitely
better than this of the sand cast material, which mean fatigue life at stress level
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σmax = 100 MPa is of only 3.9× 104 cycles. However, when interpreting fatigue test
results, structure inhomogeneity should be taken into account. The inhomogeneity
is due to defects present in the castings, particularly in the sand-cast material.

3.4 Fr a c t o g r a p h y

a) AZ91 samples prepared by sand casting

It was observed that fatigue cracks initiate invariably from pores, especially
from surface pores (by the above criteria) in all cases but two. An example illus-
trating typical initiation defects is shown in Fig. 4. From the qualitative aspect,
the mechanisms of fatigue crack growth and fast final fracture were identical in all
samples. Therefore a summary description is given here. With respect to the typical
morphological patterns, four regions can be distinguished on the fracture surface.
In Fig. 5, the regions are labelled A, B, C, and final fracture surface D. The regions
are also shown at the fracture line of the main crack, i.e. in the picture showing the
perpendicular section through the fracture surface oriented in the direction of its
fatigue propagation (Fig. 6). In the bottom part of the figure, under the fracture
line, a latent crack is also shown. The latent crack stopped after nucleation and
initial propagation. The shapes of the fracture line and latent crack give an idea

Fig. 4. Example of pore that acted as fa-
tigue crack initiation site. Initiation defect

area is labelled Adef .

Fig. 5. Fracture surface indicating different
regions inspected with SEM.
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Fig. 6. Perpendicular section through fracture oriented in direction of fatigue crack propa-
gation. Different regions are labelled. In bottom part of figure, latent crack is also shown.

Fig. 7. Region labelled A with relatively
flat fracture surface.

Fig. 8. Detail view on region A. Facet with
parallel steps and shallow dimples.

about the relationship between the material structure and the crack initiation and
propagation mechanisms.



F. Hnilica et al. / Kovove Mater. 43 2005 300–316 307

Fig. 9. Fatigue fracture facet with serra-
tions and steps morphology (region B).

The region A exhibits a relatively smooth, only slightly corrugated fracture
surface. This region is only found in some cases at proximity of small pores at fatigue
crack initiation sites (Fig. 7). A detailed
view at high magnification shows that
this region of the fracture surface is
formed by a number of tiny facets with
different orientation of basically paral-
lel steps or “ridges” (Fig. 8). Some fa-
cets display hints of tiny, very shallow
dimples (Fig. 8). The occurrence of re-
gion A is apparently affected by the
presence of pores. This region is ab-
sent in samples with pores of large size.
Large pores acting as initiation sites are
directly associated with fracture region
of type B.

The adjacent fracture surface re-
gion, i.e. region B, is characterized by
larger facets with parallel or complex
serrations (or steps) (serrated facets)
(Fig. 9) or by larger facets with river-
-like patterns (Fig. 10). The detailed
appearance and orientation of the ser-
rations with respect to the macroscopic fatigue crack propagation direction vary,
apparently in dependence on the crystallographic orientation of the individual fail-
ured dendritic cells. In this region, the fracture is predominantly transcrystalline
and at the beginning, the direction of crack growth can divert occasionally from
the direction perpendicular to the principal stress axis (Fig. 6). Merely in positions
where the interdendritic zone is weakened by the presence of small pores (Fig. 6),
the fracture passes through such a zone. The crack then can be branched, and
rather extensive secondary cracks can form.

Starting approximately at fatigue crack length l = 1.5 mm for the stress level
90 MPa and l = 1.3 mm for the stress level 100 MPa, the mechanism of fracture
is altered (region C in Fig. 5). The morphological features on the fracture facets,
characterized by a system of clear-cut serrations or steps, change entirely their mi-
crofractographic patterns (Fig. 11). The light lines in the figures show the micro-
scopic steps separating the fatigue microareas (patches). The shape of the patches
is complex, with a predominant orientation in the direction of local propagation of
the fatigue crack. As in the preceding region B, the fatigue crack propagation is
transcrystalline. The detailed patterns on the fatigue patches, however, still demon-
strate the effect of the cystallographic orientation of the dendritic cells with respect
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Fig. 10. Fatigue fracture facet with river
pattern (region B).

Fig. 11. Morphology of fracture surface
from region C.

Fig. 12. Detail view on region C. Fracture
facets with network of parallel microcrack.

Fig. 13. Tiny, not very marked, fatigue stri-
ations on fracture surface in region C.
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Fig. 14. Dependence of lifetime Nf on the
initiation defect area square rooted.

Fig. 15. Dependence of lifetime Nf on the
maximum stress intensity factor Kmax,in in

the tip of the initiation defect.

to the stress direction and to the local fatigue crack propagation direction. A net-
work of parallel microcracks is observed on many fatigue patches (Fig. 12) and tiny,
not very marked fatigue striations are seen in some areas (Fig. 13).

The mechanism of failure described above pass into the final fracture, charac-
terized by interdendritic failure with a clearly rugged surface topography. Owing to
the appreciable difference between the nature of region C, failured by the fatigue
mechanism, and the final fracture surface (region D), it is rather easy to distin-
guish between these parts of the fracture surface plane and to determine the total
length lu and area of the fatigue fracture Au. The values were nearly identical in
all samples, lu = (2.3 ± 0.1) mm and Au = (7.7 ± 0.7) mm2 at the stress level 90
MPa and lu = (1.8 ± 0.3) mm and Au = (5.4 ± 0.6) mm2 at the stress level 100
MPa.

Fatigue crack initiation was studied also quantitatively. Figure 4 shows the
regions with pores, whose projected sections Adef were measured and used in the
definition of the critical distance for defect sorting (see section 2). The area of
defects, along with the corresponding square roots, the maximum initiation stress
intensity factor Kmax,in, and number of cycles to fracture Nf , are given in Table 3.
In Fig. 14, the lifetimes Nf are plotted as a function of defect area square root
A1/2def . The correlation between lifetime Nf and maximum initiation stress intensity
factor Kmax,in, calculated according to Eq. (1), is plotted in Fig. 15.
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Ta b l e 3. Quantitative parameters of initiation defects in AZ91 alloy prepared by sand
casting

Sample Load Defect (Defect Kmax,in Fatigue Fatigue Nf Type of

(max. area area)1/2 [MPa ·m1/2 ] crack area defect

stress) [mm2] [mm] length [mm2]

[MPa] [mm]

1 0.123 0.351 1.94 2.3 8.2 4780000 outside

2 0.427 0.653 2.04 2.3 7.9 2550000 inside

3 0.163 0.404 2.08 2.2 7.5 3880000 outside

4 90 0.456 0.675 2.69 2.0 6.2 125000 outside

5 0.480 0.693 2.73 2.2 8.1 124000 outside

6 0.481 0.694 2.73 2.5 8.6 103000 outside

7 1.513 1.230 3.64 2.5 8.7 52000 outside

8 1.590 1.261 3.68 2.1 6.7 49000 outside

b1 2.041 1.429 5.40 1.6 4.8 4200 outside

b2 0.332 0.576 3.43 1.8 5.0 35000 outside

b3 100 0.084 0.289 2.43 1.7 5.9 102000 outside

b4 0.210 0.459 3.06 1.6 5.1 42000 outside

b5 0.045 0.211 1.82 2.3 6.6 405000 inside

b6 0.048 0.220 2.12 2.1 5.2 325000 outside

b) AZ91 samples prepared by squeeze casting

In the samples issued from squeeze casting, fatigue cracks initiated mostly
from structure defects on specimen surface or immediately beneath the surface.
Internal defects acted as initiation sites only in two samples. The structure defects
that served as the initiation centres can be divided into 4 groups:

a) Thin continuous film (Fig. 16). Energy dispersive X-ray analysis revealed
that the film mostly consists of manganese. Apart from the slightly higher Al and
Zn contents, no other elements were observed. Isolated tiny particles were observed
on film surface and also contained mainly manganese.

b) Cluster of tiny particles. Energy dispersive X-ray analysis revealed the pres-
ence of Ca in this area.

c) Zone with a cluster of pores. This type of defect was observed in one case,
where tiny Ca-containing particles were present at the pore site.

d) Isolated coarse particle. A coarse particle, 23.5 µm in diameter, acted as
initiation centre in one case.

The results of the quantitative evaluation of the area of defects serving as
centres of fatigue crack initiation in the samples issued for squeeze casting, along
with defect area square roots,Kmax,in, and Nf , are given in Table 4. The correlations
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Fig. 16. Thin continuous film that acted
as initiation sites of fatigue crack of AZ91
sample prepared by squeeze casting.

Ta b l e 4. Quantitative parameters of initiation defects in AZ91 alloy prepared by squeeze
casting

Sample Defect (Defect Kmax,in Fatigue Fatigue Nf Type of

area area)1/2 [MPa ·m1/2 ] crack area defect

[mm2] [mm] length [mm2]

[mm]

2 0.3790 0.62 2.19 2.40 4.82 326600 inside

3 0.0880 0.30 1.98 1.90 5.26 1592000 outside

4 0.0750 0.27 1.91 1.90 5.45 741000 outside

5 0.1490 0.39 2.26 2.10 7.03 109300 outside

6 0.1010 0.32 2.05 2.20 6.84 93500 outside

7 0.0004 0.02 0.41 1.60 4.48 6139700 inside

8 0.0610 0.25 1.81 1.80 5.34 122500 outside

9 0.0430 0.21 1.66 1.80 5.76 1190700 outside

10 0.1810 0.42 2.37 1.80 4.90 64300 outside

between Nf and A
1/2
def or Kmax,in are plotted in Figs. 14 and 15.

From the qualitative point of view, the mechanism of fatigue crack propagation
was the same as in the sand-cast alloy, except for region A, which was never found
in squeeze cast samples. All fatigue cracks in squeeze-cast samples were roughly of
the same size, i.e. of length lu = (1.9 ± 0.2) mm and area Au = (5.5 ± 0.7) mm2.
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4. Discussion

The total fatigue life Nf of test specimens is the sum of the number of cycles
needed for the initiation of cracks and the number of cycles needed for the growth
of cracks to their critical length (or area) at which a fast final fracture takes place.
Both stages of fatigue life are affected by microstructure parameters, namely: a) the
volume fraction of pores, their dispersion and distribution throughout the sample;
b) the presence of other structure defects, such as impurities in the form of film,
clusters of tiny particles, or larger isolated inclusions; c) the size of dendritic cells
and interdendritic β-phase particles. The individual effects of various structure
parameters on both fatigue life stages and the total fatigue lifetime can have dif-
ferent weights.

In the alloy prepared by sand casting, the fatigue cracks invariably initiate from
pores. The results of the quantitative evaluation presented in Table 3 and Fig. 14
demonstrate that the total lifetime Nf decreases appreciably with increasing size
of the pores from which the crack has initiated (represented here by the square
root of defect projection area). Given a constant pore area, a defect located at
test specimen surface exerts a larger effect than a defect located inside (Fig. 14).
Some authors [8, 13] relate the effect of pore area on fatigue crack initiation on
the base of linear fracture mechanics principles. Murakami and Endo [13] suggest
that the stress intensity factor acting at the tip of the defect depends primarily
on the area and location of the defect, while the effect of pore shape is of minor
importance [14, 15, 16]. Based on those premises, the authors of [13] derived Eq.
(1) for calculation of the maximum stress intensity factor for cycle asymmetry
R = −1. The correlation between the total lifetime Nf and the maximum stress
intensity factor Kmax,in, calculated according to Eq. (1), is plotted in Fig. 15. The
plot demonstrates that there is a strong dependence of Nf on the maximum stress
intensity factor Kmax,in also in our case, particularly for defects consisting in pores
in the alloy prepared by sand casting.

In all samples prepared by sand casting loaded at the same stress level, the
values of the total fatigue length lu and area Au are roughly the same (lu = (2.3 ±
0.1) mm, Au = (7.7 ± 0.7) mm2 at 90 MPa and lu = (1.8 ± 0.3) mm, Au = (5.4 ±
0.6) mm2 at 100 MPa) and no differences are observed in crack growth mechanisms
and their occurrence on the fracture surface. Therefore, it is reasonable to assume
that there is not an appreciable difference among the samples in crack propagation
period and the lifetime within this period for the same stress level. The large scatter
of total lifetime Nf is probably primarily due to the different magnitude of initiation
defects of pore type and its effect on the time necessary for fatigue crack initiation
and the early stage of its propagation.

The above observations are consistent with published data for magnesium
alloys [8, 17, 18, 19] and aluminium alloys [8, 20, 21]. The size of the defects and
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their location near the surface of fatigue samples play a major role in affecting the
total fatigue lifetime. Large near-surface defects induce higher stress concentration
and accelerate the initiation of fatigue cracks [16, 18]. Large defects also bring
about formation of larger starting cracks. Such cracks are then acted upon by a
larger driving force. In other words, a higher stress intensity factor acts on their
tips, bringing about a faster initial crack growth. This hypothesis is supported by
an in situ observation of the nucleation and initial propagation of fatigue cracks in
AM60B magnesium alloy obtained by high-pressure die casting. In the materials
with larger pores the cracks initiate markedly sooner than in those with smaller
pores, or than those initiated in persistent slip band inside of larger dendrites
[17].

Higher total porosity (volume fraction of pores) is connected with higher prob-
ability of occurrence of pores near the sample surface, affecting adversely the fatigue
lifetime. However, according to [18, 20], this effect is of secondary importance. The
total lifetime during high-cycle fatigue exhibits no strong correlation with pore
density, instead, it rather correlates with the maximum size of the pores that serve
as fatigue-crack initiation centres [18]. Other microstructure parameters, such as
particles, dendrite size, or grain size, are also of minor importance with respect to
the lifetime [18, 21].

Although containing virtually no pore type defects, the samples prepared from
squeeze-cast material also exhibit large scatter of the total lifetimes Nf . Fracto-
graphical observations revealed that in those samples, also, fatigue cracks initiate
from structure defects. Quantitative evaluation revealed similar dependences of life-
time Nf on the defect size Adef or on the maximum stress intensity factor Kmax,in
(Figs. 14, 15). The larger scatter of the experimental points as compared to the
analogous dependences for the sand-cast samples may be due to the presence of
different defect types in the samples (film, clusters of inclusions or isolated coarse
particles).

Although the final fracture of samples produced by squeeze casting occurred at
a shorter fatigue crack length (smaller fatigue crack area), the mean total lifetime
was the same as for the samples produced by sand casting, despite the different
stress levels applied (100 MPa for squeeze casting and 90 MPa for sand casting). At
stress level of 100 MPa, the mean fatigue life (50% probability of fracture) of the
squeeze cast material is higher than this of sand cast material in spite of the fact
that the length of fatigue cracks in both is approximately the same. The better mean
lifetime for a 50% probability to failure of the alloy prepared by squeeze casting
may be due either to a less unfavourable effect of structure defects on fatigue crack
initiation or, also, to a higher resistance against fatigue crack growth. In view of
the probably smaller effect of dendrite size on fatigue lifetime [18, 21], a rather
marked effect on the initiation stage and initial crack growth can be assumed. This
assumption, however, needs to be proved by experiments initiation period and early
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stage of crack growth aimed at determining the growth rate in both alloys: sand-
and squeeze-cast.

From the qualitative point of view, the fatigue failure mechanisms were similar
for both casting processes. The fatigue fracture surfaces exhibited two or, rarely,
three morphologically different regions (labelled A, B, C in the figure). Region B,
closer to the initiation site, was characterized by a microscopically rough surface,
formed by serrated facets or by smoother facets with river-like patterns. The ori-
entation of the serrations (steps) was appreciably different in the individual facets.
The shape of the fracture line in the region labelled B (Fig. 6) indicates that the
fracture process is mostly transcrystalline here. Local interdendritic fracture, if any,
is associated with the occurrence of tine pores on the boundaries of the dendrites
(Fig. 6). In situ observation of the failure of AM60B cast Mg alloy on a scanning
microscope [17] gives evidence that the transcrystalline propagation of short cracks
proceeds in slip bands and may include plastic deformation in the neighbouring
grains. In view of this we suggest that the observed transcrystalline failure within
the region B takes place through plastic deformation mechanisms, i.e. dislocation
generation and motion in a limited number of slip planes, that are mechanisms
reported for hexagonal structure alloys, e.g. in [22, 23].

The subsequent crack propagation in region C is transcrystalline, with a fa-
tigue fracture surface morphology consisting of microareas (patches) separated by
microsteps. Despite of the fact that somewhat more complex patterns are observed,
this morphology is similar to fatigue fracture surface resulting from mechanism of
striation formation. Locally, hints of striations, or of parallel secondary cracks, were
actually found.

Note that the fatigue crack propagation observed in this work differs rather
markedly from the mechanisms of failure of the AZ91E-T4 die-cast magnesium
alloy reported in [18]. The authors of this paper have observed near to the ini-
tiation site a smooth surface of transcrystalline fracture covered by fine fatigue
striations and affecting an area of a large number of dendritic cells. At low magni-
fication this smooth area is similar to zone A in the samples presented here, which
was observed only occasionally. However, a detailed view at high magnification
gives evidence that the fine morphology, and hence the process of its formation,
is entirely different (Fig. 8). By its morphology, the fracture area adjacent to the
smooth surface with fine striations reminds of zone B, although the authors [18]
suggest an interdendritic propagation patterns for it. No fracture surface area with
a morphology approaching our region C was observed in [18].

5. Conclusions

The following conclusions are drawn from the structure analyses, mechanical
and fatigue testing of AZ91 alloy samples prepared by two different casting pro-
cedures and without any additional heat treatment:
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1. The alloys contain a massive Mg17Al12 phase at dendrite boundaries and
lamellar precipitates of this phase. The structure of the samples prepared by squeeze
casting contains finer grains than the samples prepared by sand casting, with a
tinier form of occurrence of both the massive Mg17Al12 phase and its precipitates.

2. Casting defects (pores), which are observed in the alloy prepared by sand
casting, are virtually absent from the samples prepared by squeeze casting. The
latter samples, however, exhibit oxide film, clusters of tiny particles or isolated
coarse particles.

3. The sand-cast material exhibits shorter fatigue life as compared to the
squeeze-cast material. At stress level of 100 MPa, the mean fatigue life determined
for 50% probability to failure is of 3.9 × 104 and 3.3 × 105 cycles for the sand-cast
and squeeze-cast material, respectively. Fatigue life of the same magnitude, i.e., of
3.3 × 105 cycles, as this exhibited by the squeeze-cast material, is measured in the
sand-cast material at stress level of 90 MPa, i.e., at stress level of 10 % lower than
this sustained by the squeeze cast material.

4. In the alloy prepared by sand casting, the high data scatter of lifetimes Nf is
due to the presence of large pores. Although the squeeze casting process eliminates
the porosity and improves the fatigue life, the structure defects present once again
are the cause of a large scatter of lifetime values.
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