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Temperature influence on melt spun p-Bi0,5Sb1,5Te3

compacted by spark plasma sintering

Abstract: Melt spinning is a material obtaining process, based on ultrafast cooling and solidification of melt in contact with liquid cooled rotating wheel. In this
work p-Bi0,5Sb1,5Te3 powders are obtained and their structural properties are studied. Powders were compacted by spark plasma sintering at various temperature
conditions, and then the changes in their structural and dimensional characteristics were investigated. Orientations, form of the crystallites, texture, anisotropy
coefficients were indentified in obtained samples. Also, degree of recristallization were estimated and compared with standard crystallized materials.

Melt spun powders Spark plasma sintering of powders
The powders of same fraction were compacted by SPS in samples with d =
15 mm and h = 7-8 mm at 50 MPa and at different temperature conditions:

1) T = 450 °C; t = 1 min
2) T = 450 °C; t = 5 min
3) T = 450 °C; t = 10 min
4) T = 410 °C; t = 5 min
5) T = 490 °C; t = 5 min

Sample 1 had low density area on which the break occurred, but we
succeeded to prepare samples for researches though.

Microstructure analysis
SEM images were taken from the cleaved surfaces of the samples. All samples have a
continuous structure and consist of a plurality of not arranged soldered together particles.

XRD analysis
XRD patterns were captured from the sample faces parallel and
perpendicular to the pressure application axis (P). There is no
strong texturing in all the samples but there are certain
predominant orientations. The orientation ratios (K┴/II) were
calculated by the pole densities of corresponding planes of the XRD
patterns and resulted relative volume proportion of grains with
planes oriented perpendicular to parallel to P.
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Thermoelectric properties anisotropy
The samples were cut by wire electrical discharge machining into
thermoelements with 1,4x1,4x1,6 mm dimensions and the Seebeck
coefficient and the conductivity were measured in both directions
before and after annealing in vacuum at 320 °C, t = 12 h. All the
samples has greater values of σ in a direction of current
perpendicular to the pressure application axis (I ┴ P), α has a little
greater values in a direction parallel to P (I ll P). Anisotropy
coefficient of α do not exceed 3%, while Kσ ~ 15-30%.

The melt spinning process was performed at T=650 °C. The wheel rotation speed was 1200
r/min, which resulted the crystallization rate of about 105 – 106 K/s.

K equal to 1 indicates the absence of predominant orientations.
Thus we observe predominant orientation of (001) planes
perpendicular to P (partial (001) axial texture), which disappears
with increasing sintering time.

The structure of the melt spun powders undergoes
significant changes during the sintering process. It
seems that particles split into smaller particles after
pressure applying and then grow differently with
temperature conditions. Sintering temperature affects

Average grain sizes, µm

Sintering 
time

t= 1 min t = 5 min t = 10 min

T=490 °C – 30 –

T=450 °C 21 17 27

t = 1 min t = 5 min t = 10 min

T = 410 °C T = 450 °C T = 490 °C
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Typical temperature dependencies of melt spun p-Bi0,5Sb1,5Te3 compacted by

the grain sizes. Time of the process affects the grain sizes significantly less. At 410 °C the
small fraction of powder (~ 3 – 5 µm) is retained which, apparently, is absorbed by greater
fraction (~ 10 – 20 µm) with increasing the temperature. Based on the fact that the grain
size is increased by 1.5 times, it must be assumed that the recrystallization process is more
intense than in crystallized materials. In samples 2, 3, 5 the emergence and the increasing
of the concentration of pores with d ~ 1 µm is seen what could be attributed to ultra-
intense heating of the material.

T = 450 °C; t = 1 min T = 450 °C; t = 5 min T = 450 °C; t = 10 min
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Before annealing After annealing

I ┴ P

T = 450 °C; 
t = 1 min

T = 450 °C; 
t = 5 min

T = 450 °C; 
t = 10 min

T = 410 °C; 
t = 5 min

T = 490 °C; 
t = 5 min

T = 450 °C; 
t = 1 min

T = 450 °C; 
t = 5 min

T = 450 °C; 
t = 10 min

T = 410 °C; 
t = 5 min

T = 490 °C; 
t = 5 min

α, μV/K 180 184 181 200 176 215 210 197 208 210

σ, Ohm-1cm-1 1071 1050 1065 919 1155 677 733 799 755 739

Power factor, 
×10−4W/mK2 34.8 35.5 34.7 36.6 35.8 31.3 32.4 31.0 32.7 32.6

I II P

α, μV/K 182 185 182 204 181 216 208 203 210 210

σ, Ohm-1cm-1 933 927 964 682 888 588 638 665 620 676

Power factor, 
×10−4W/mK2 30.7 31.9 32.0 28.3 29.2 27.4 27.5 27.5 27.3 29.8

Annealing in general negatively affects the material, lowering power factor by 9%.
Before annealing there is no explicit dependences of conductivity and Seebeck
coefficient of sintering time, but it appears after annealing. That may be related to
the alignment of the defects and formation of more equilibrium structure. Sample 4
before annealing demonstrates the greater power factor most probably due to the
finer structure preserved.

SEM  images of samples compacted at T = 450 °C and different sintering time 

SEM images of samples compacted at different temperatures at t = 5 min
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Conclusion: Spark plasma sintering temperature greatly affects the structure of compacted melt spun p-Bi0,5Sb1,5Te3 powders. Even with rather short sintering
time (t = 5 - 10 min) active recrystallization processes occur, what can be observed by changing in grain sizes and pore formation. Predominant crystallographic
orientations correspond to that of non-spun compacted materials, but the texture is less obvious. Best seen TE properties are in a direction of a current
perpendicular to the pressure application axis, wherein the conductivity values are 15 – 30 % greater and the Seebeck coefficient values are 1-2% lower. Annealing
at T = 320 °C; t = 12 h negatively affects the samples, lowering their power factor by an average of 9%.
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