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The impact of surface modification of ZrO, nanoparticles on the stability and

thermophysical characteristics of nanofluids
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(Engineering Research Center of Metallurgical Energy Conservation and Emission Reduction, Ministry of Education,

Kunming University of Science and Technology, Kunming 650032, China)

Abstract: Nanofluids have attracted considerable interest in advanced thermal properties; However, poor stability
limits practical application. Then, vacuum drying methods were used to graft B-cyclodextrin (3-CD) onto ZrO, nano-
particles to improve stability of nanofluids. The morphological features, surface functional groups, and molecular
structure of the nanoparticles before and after modification were compared. A two-step method was used to
prepare ZrO,/ethylene glycol (EG):deionized water (DI) and B-ZrO,/EG:DI nanofluids at volume fraction of
0.06vol%. The stability of the nanofluids were characterized by TEM and sedimentation observation method, and
the viscosity and thermal conductivity were evaluated in the temperature range of 20-60°C. The results indicated
that when B-ZrO, nanoparticles are modified with f-CD, the polymer attachment introduces spatial site resistance
between the nanoparticles. This resistance mitigates particle agglomeration and promotes the long-term stability of
the nanofluid. Therefore, the modified f-ZrO, nanoparticles were more uniformly dispersed, which had a 57.90%

lower settling velocity in base fluid than ZrO, nanofluid at room temperature. Besides, the thermal conductivity of -
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ZrO, nanofluid was10.25% higher than that of ZrO, nanofluid at 60°C with the constant viscosity. The enhancement

in nanofluid thermal conductivity results from the polymer wrapped around the -ZrO, nanoparticles, forming an

elastic layer and leading to elastic collisions, as well as micro-convection. Therefore, surface modification of

nanoparticles is one of the effective methods to improve the stability of nanofluids without affecting the thermal

conductivity.

Keywords: nanoparticles surface modification; B-cyclodextrin; nanofluids; stability; thermal conductivity
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Fig.1 Schematic diagram of nanoparticle surface modification and nanofluid preparation
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Table1 Physical parameters of nanoparticles and base fluids

Material a‘;f‘;ifys)/ (Sﬁi;lﬁ;}f;at capacity/ (Tvl\lfrrnn-lf.lll(?gndu‘thtY/ Manufacturer

ZrO, nanoparticles 5850 713 2 Beijing Deke Daojin Science and Technology
Ethylene glycol (EG) 1110 2395 0.256 Shanghai Aladdin Biochemical Technology
Deionized water (DI) 998.2 4185 0.599 Labs
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Fig.3 FTIR spectra of different nanoparticles
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Fig.4 SEM images of ZrO, nanoparticles (a), ZrO, nanofluid (b), p-ZrO,

nanoparticles (c), and p-ZrO, nanofluid (d)
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