
1st European Symposium on Nanofluids (ESNf2017)
8-10 October 2017, Lisbon, Portugal

TRANSPORT PROPERTIES OF 
WATER-BASED NANOFLUIDS WITH 
DISPERSION OF GRAPHENE-OXIDE 

NANOPARTICLES 

L. Fedele and S. Bobbo

Istituto per le Tecnologie della Costruzione
Consiglio Nazionale delle Ricerche

Corso Stati Uniti, 4 - Padova, I-35127, Italy

e-mail: laura.fedele@itc.cnr.it
e-mail: sergio.bobbo@itc.cnr.it



1st European Symposium on Nanofluids (ESNf2017)
8-10 October 2017, Lisbon, Portugal

OUTLINES

• Introduction

• Experimental method and apparatus

• Experimental results

• Summary and Conclusions



1st European Symposium on Nanofluids (ESNf2017)
8-10 October 2017, Lisbon, Portugal
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Duration: 4 years from June 2015

Focus on

• the development of more efficient and
safe shallow geothermal systems
during installation and operation;

• the reduction of installation and
operating costs (total costs reduction by
20-30%)

• increase the awareness of this
technology throughout Europe

Cheap and Efficient Application of Reliable
Ground Source Heat Exchangers and Pumps
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Important task of the project: 

improve the efficiency of the system heat pump/GSHE

NANOFLUIDS CONSIDERED AS POSSIBLE ALTERNATIVE SECONDARY FLUIDS, DUE

TO THEIR POTENTIALITY IN TERMS OF THERMAL AND RHEOLOGICAL PROPERTIES

Project: “Improving the Efficiency of Geothermal Heat Pumps”, funded 
by the U.S. EPA (Small Business Innovation Research 
Program)

Nanofluid: Fumed Alumina (Al2O3) in water and propylene glycol 
mixtures

Results: Heat Transfer improvement over the base fluid up to 48%

• Previous analysis on nanofluids for geothermal applications
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• CARBON NANOSTRUCTURES seem to exhibit the highest potential
with respect to other material for nanoparticles

• GRAPHENE is one of the most interesting due to its remarkable
mechanical, structural, thermal, and electrical properties

• However, GRAPHENE-OXIDE properties are affected by oxygen
coverage

• COMMERCIAL NANOFLUIDS (Sigma Aldrich) have been considered as
potential substitutes for water:

GRAPHENE-OXIDE (GO) IN H2O

NP concentrations: 1 mg/ml (WG1) and 2 mg/ml (WG2)

NP structure: formed by 15-20 sheets of graphene, edge-
oxidized at 4-10%

• STABILITY along time and TRANSPORT PROPERTIES (thermal
conductivity and viscosity) measured as a function of temperature
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METHODOLOGY: analysis the average dimension of the nanoparticles in solution
along time

INSTRUMENT: Zetasizer Nano ZS (Malvern)

TECHNOLOGY Dynamic Light Scattering (DLS)
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THERMAL CONDUCTIVITY
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INSTRUMENT ACCURACY

o declared 5%

o tests with water within 1%

METHODOLOGY: measurements at ambient pressure in the range of
temperatures between 283 K and 343 K

INSTRUMENT: TPS 2500 S

TECHNOLOGY Hot Disk
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DYNAMIC VISCOSITY
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METHODOLOGY: measurements at ambient pressure in the range of
temperatures between 283 K and 323 K

INSTRUMENT: AR-G2 TA Instruments

TECHNOLOGY rotational rheometer with a plate-cone geometry

INSTRUMENT ACCURACY

o declared 5%

o tests with water within 2%
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SUMMARY AND CONCLUSIONS
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Two commercial nanofluids (named WG1 and WG2) formed by water and
Graphene-Oxide nanoparticles at two different concentrations (1 mg/ml and 2
mg/ml) were analysed as a function of temperatures

• nanofluids shown to be quite stable at ambient temperature along time

• but measured thermal conductivity and viscosity behaviours do not
suggest any potentiality of the nanofluids to enhance the heat transfer
efficiency of the nanofluids with respect to water.

• Thermal conductivity is similar or only slightly higher than that of water in
all the temperature range for both nanofluids, despite the very high thermal
conductivity of graphene-oxide

• at the same time, dynamic viscosity enhancement is negligible for WG1
but suddenly increases by 24% at 313 K, while it is quite significant for
WG2, increasing from 7% to 32 % from 283 to 323 K, while is anomalously
high (32) at the low temperature of 283 K.

GO-H2O tested in this work didn’t prove to be interesting as potential
thermal vectors, despite several literature declaring strong enhancements with
such kind of nanofluids.
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