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Investigation on the Thermoelectric Properties of Bismuth Telluride
Matrix Composites by Addition of Graphene Oxide Powders
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Abstract Graphene oxide (GO) powder processed by Hummer's method is mixed with p-type Bi,Te; based thermo-
electric materials by a high-energy ball milling process. The synthesized GO-dispersed p-type Bi,Te; composite powder
has a composition of BiysSb; sTe; (BSbT), and the powder is consolidated into composites with different contents of GO
powder by using the spark plasma sintering (SPS) process. It is found that the addition of GO powder significantly
decreases the thermal conductivity of the pure BSbT material through active phonon scattering at the newly formed
interfaces. In addition, the electrical properties of the GO/BSbT composites are degraded by the addition of GO powder
except in the case of the 0.1 wt% GO/BSbT composite. It is found that defects on the surface of GO powder hinder the
electrical transport properties. As a result, the maximum thermoelectric performance (ZT value of 0.91) is achieved from
the 0.1% GO/BSbT composite at 398 K. These results indicate that introducing GO powder into thermoelectric materials
is a promising method to achieve enhanced thermoelectric performance due to the reduction in thermal conductivity.
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Fig. 1. (a) Raman spectroscopy results (inset photo is the
surface morphology of GO), (b) FT-IR peaks of GO powders
synthesized by acid treatment.
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Table 1. Comparison of relative densities of the BSbT and GO/
BSbT composites

Sample Relative density
BSbT 99.0+0.5

0.025% GO/BSbT 98.8+0.5
0.05% GO/BSbT 99.2+0.5
0.1% GO/BSbT 99.5+0.3
0.2% GO/BSbT 98.7+1.0
0.5% GO/BSbT 98.5+0.5
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Fig. 2. (a) XRD patterns of sintered GO/BSbT composites with contents of GO powders, (b) schematic illustration on the
microstructure of GO/BSbT composites, (c) TEM images of 0.1 wt% GO/BSbT composite revealing embedded GO sheets. The
inset in (c) shows the selected area electron diffraction pattern of BSbT.
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Fig. 3. (a) Electrical conductivity, (b) Seebeck coefficient, (c) Power factor, and (d) thermal conductivity of GO/BSbT composites
compared to those of pure BSbT materials as a function of temperature.
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