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A detailed knowledge o f  dependence o f  mechanical properties on orientation in materials prepared 
by directional processes may present an important factor influencing the design o f  construction 
parts. Toward this end, the compressive creep testing o f  short specimens may be useful. Three 
different magnesium-based materials were subjected to this testing: (i) pure magnesium, (ii) 
magnesium matrix composite reinforced with 10 vol.% o f  titanium, and (iii) magnesium alloy WE54. 
All three materials were prepared through a powder metallurgical route with final hot extrusion. 
The specimens fo r  creep tests were cut in such a way that their longitudinal axis (i.e., the direction 
o f compressive creep stress) and the axis o f  extruded bar contained a predestined angle. Two 
extreme cases can be observed: In pure Mg and in M g-Ti composite, the dependence o f  the creep 
rate is very sensitive to the orientation especially at small inclinations from extrusion axis. The 
greatest creep resistance is observed in specimens with stress axis parallel to the extrusion axis, the 
lowest at declinations from 45 to 90°. On the other hand, in WE54 no orientation dependence was 
observed. Possible explanations o f  the behaviour based on microstructural observations are 
discussed.
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In troduction . Microstructure o f  m any materials -  either intentionally or ow ing to 
production history -  is not isotropic. Consequently, m echanical properties are not 
isotropic, too. A  detailed know ledge o f  dependence o f  these properties on orientation 
within material m ay be important for an exact design o f  construction parts. A n  investigation  
o f  orientation dependence m ay also contribute to identification o f  m echanism s that control 
the respective property. The anisotropy o f  m echanical properties is important in hexagonal 
m etals and alloys, especia lly  in  light-w eighted m agnesium  alloys and a great attention has 
been recently devoted to its study [1 -6 ]. We present the results o f  orientation dependence 
o f  creep properties o f  m agnesium -based  a lloys prepared by  pow der m etallurgical 
processing.

E xp erim en ta l. C om m ercially pure m agnesium  pow der w ith a particle size less than 
45 ,«m and grain sizes ranging betw een 1 and 8 ,«m, w as cold-pressed at 310 MPa 
pressure level, leading to a densification o f  around 95%. The com pacts were hot-extruded  
into rods at 673 K using an extrusion ratio o f  18:1.

A  m agnesium  matrix com posite reinforced w ith  10 vol.%  o f  titanium particles was 
prepared from the sam e m agnesium  pow der as the previous material and from the 
titanium pow der o f  particle size less than 25 [im . The powders were m ixed for 3 h  at 100 
rpm in a planetary m ill. The next technology steps were identical w ith  those for the pure 
m agnesium  material: cold-pressing at 310 M Pa and hot-extrusion into rods at 673 K using  
an extrusion ratio o f  18:1.

The third investigated material w as the m agnesium -based alloy  W E54 alloy. The 
alloy contained 5 wt.% o f  Y, 2 wt.% o f  N d, and 2 wt.% o f  rare earth elem ents. The 
pow der prepared by  rapid solid ification  had size less than 100 ,«m. The pow der was
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cold-pressed by  slow ly  increasing pressure up to 340 M Pa in a special die designed for 
this purpose. The resulting com pacts o f  40 m m  in diameter w ere extruded at 673 K 
em ploying an extrusion ratio o f  20:1.

R esults o f  the subsequent characterization o f  materials b y  optical microscopy, 
scanning electron m icroscopy, X -ray diffraction and tensile tests are g iven  elsewhere 
[7 -9 ].

Cylindrical specim ens o f  diameter 5 m m  and height 9 m m  were prepared by 
spark-cutting from the extruded bars. The specim ens were cut in  such a w ay  that their 
longitudinal axis (i.e., the direction o f  com pressive creep stress) and the axis o f  extruded 
bar contained a predestined angle from 0 to 90°. Constant load com pressive creep tests o f  
the a lloy  w ere perform ed at temperatures from 523 to 623 K. A  stepw ise loading was 
used: in  each step, the load w as changed to a n ew  value after stationary creep rate had 
been established. The terminal values o f  the true stress and the true strain rate were 
evaluated for the respective step. Protective atmosphere o f  dried and purified argon was 
used. During the test, temperature w as kept constant w ithin  ±  1 K. Creep curves w ere PC 
recorded by  m eans o f  special software. The sensitivity o f  elongation m easurem ents was 
better than 10 5.

R esu lts. Exam ples o f  experim ental dependences o f  the creep rate £ on the applied 
stress o  for different orientations o f  specim ens are g iven  in Figs. 1 -3 . Two basic patterns 
o f  behavior can be observed: In pure M g and in  M g -T i com posite, the dependence o f  the 
creep rate is very sensitive to the orientation especially  at sm all inclinations from  
extrusion axis. The h ighest creep resistance is observed in specim ens w ith stress axis 
parallel to the extrusion axis, w hile the low est resistance is at declinations from 45 to 90°. 
A  m ore exact determination o f  orientation w ith the low est creep resistance is com plicated  
by the scatter o f  experim ental data. On the other hand, in  W E54 no orientation 
dependence is observed. Another feature that distinguishes tw o groups is the dependence 
o f  creep rate on the applied stress. The dependences can be form ally described by  the 
pow er function

£ =  A o  n , (1)

w here A  is a temperature dependent factor and n is exponent. The values o f  exponent n 
are about 19 in pure M g and from 20 up to 32 in  M g -T i com posite. R elatively h igh values 
o f  n are typical for creep in  m etallic materials strengthened by  dispersion o f  secondary  
phase. In the a lloy  W E54, the stress exponent n is about 4 for all orientation.

Fig. 1 Fig. 2

Fig. 1. Dependence o f creep rate on applied stress in Mg.
Fig. 2. Dependence o f creep rate on applied stress in M g-Ti composite.
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Fig. 3. 
Fig. 4.

Dependence of creep rate on applied stress in WE54.
Dependence of creep rate on orientation o f samples in Mg and in M g-Ti composite.

The equation (1) w as used also for an evaluation o f  the influence o f  orientation on 
the creep rate. The creep rates corresponding to the applied stress 40 M Pa w ere calculated  
by m eans o f  optim ized values o f  A  and n for all orientations. The results are g iven  in 
Fig. 4.

D iscussion . M icroscopic observations revealed three distinct anisotropic features o f  
the structure o f  alloys: (i) elongated grains, (ii) crystallographic texture and (iii) elongated  
oxide and titanium particles.

(i) Grains in M g -T i are elongated in  the extrusion direction, w ith an aspect ratio o f  
about 2. It is generally accepted that the grain size and shape influences the rate o f  
diffusional creep but not the rate o f  d islocation creep [10]. The diffusional creep can be 
excluded as possib le rate-controlling m echanism  due to the observed h igh values o f  stress 
exponent. A t any rate, fo llow ing the original form ulation o f  volum e diffusion controlled  
creep rate [11], the creep rate in  specim ens perpendicular to extrusion direction should be 
faster than in parallel direction by  a factor about square root o f  grain aspect ratio, w hich  is 
considerably less than observed experimentally.

(ii) Pure m agnesium  and M g-T i com posite exhibited a fiber texture w ith the basal 
planes parallel to the extrusion direction. For such a type o f  texture, the slip m otion o f  
dislocations in the extrusion direction should be the easiest. In addition to this, deformation  
behavior is influenced by  values o f  the resolved shear stress on the respective slip planes 
and by activities o f  other deform ation m echanism  and slip system s. A t room  temperature, 
it w as show n that the y ie ld  stress is the low est for tension  parallel to extrusion axis and it 
w as ascribed to p ossib ility  o f  tw inning. How ever, at elevated temperatures, tw ining tends 
to be inhibited and this fact leads to strong texture strengthening, especially  i f  the test 
temperature is not h igh  enough for the activation o f  non-basal slip system s.

(iii) Titanium particles in  M g -T i com posite are very often h igh ly  deformed; they are 
elongated in  the extrusion direction to such an extent that they can be considered as long  
fibres. Their existence seem s to be another plausible reason for an explanation o f  the 
observed creep behavior [12]. Sim ilar m echanism  has to be taken into account also in 
pure-m agnesium  material due to its pow der-m etallurgical processing, since the grains 
elongated in the extrusion direction are decorated by oxide particles. These particles com e  
from the fracture during the extrusion o f  the oxide film  w hich  covers the original 
m agnesium  powders.
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The negative effect o f  specim en tilt on creep resistance in  W E54 can be related to a 
randomization o f  grain orientation. Since the deform ation texture should not be very  
distinct from other m agnesium  alloys, it is thus probable that the resulting texture is 
influenced by recrystallization. This effect is associated w ith nucleation o f  recrystallization 
stimulated by  second-phase particles [13, 14] and can have a positive importance for 
ensuing technological processes.
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