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A hydrophilic, nanostructured cupric oxide (CuO) coating has been shown to improve the performance of flat-plate, copper oscillating heat pipes (OHPs) over 
those without a coating [1]. An OHP is a two-phase heat-transfer device consisting of a narrow channel formed in a series of turns with water as a common working fluid [2]. 
The unanswered question has been the microscopic origin of heat-transfer improvements accompanied by the CuO coating. Our aim is to determine molecular-scale properties 
of interfacial water near CuO nanostructures – factors that are fundamental in understanding the performance of a CuO-coated OHP.
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Our temperature-dependent HFBS elastic scans 
indicate that CuO interfacial water continuously 
freezes and melts over a broad temperature range. 
In contrast, water near untreated copper freezes 
and melts within a narrow temperature range. 

T = 260 K
Q = 0.9 Å-1

CuO + 60 μl

Neutrons are highly sensitive to incoherent scattering from hydrogen nuclei, more so than the other elements of an 
OHP. Therefore, we employ several neutron scattering techniques to elucidate the structure and dynamics of interfacial water.
Samples consist of one hundred, 5 cm diameter copper foil disks (13 µm thick) stacked in aluminum cans and sealed under a helium
atmosphere. CuO nanostructures were grown on copper foil via a wet chemical method [3]. Hydration level is determined by added 
water droplet (H2O/D2O) placed outside of the neutron beam.

• Freezing and melting behavior of interfacial water: Scans of elastic neutron intensity versus temperature for H2O-hydrated, CuO-
coated copper foils were performed on the HFBS at the NIST Center for Neutron Research.

• Structure of “frozen” interfacial water: Neutron powder diffraction scans as a function of hydration level and temperature for 
D2O-hydrated, CuO-coated copper foils were recorded using the PSD-diffractometer at the University of Missouri Research 
Reactor.

• Dynamics of interfacial water: Quasielastic neutron scattering (QENS) scans at various temperatures below 280 K – chosen from 
our HFBS elastic scans – were recorded from the BaSiS at ORNL-SNS (IPTS-18634).

Neutron diffraction at the MU Research Reactor for D2O-
hydrated CuO shows that hexagonal ice (ice-I) forms at a 
hydration level that is a factor of two lower on untreated-
Cu (at ~272 K) than on the CuO coating (at ~260 K). Is 
there a critical hydration level needed to form ice-I? This 
possibility will be explored in our Future Work.

The content of this presentation has been part of an ongoing effort to understand the role of surface modifications 
associated with OHP thermal performance, undertaken by Dr. Feng Zhang, his mentor Dr. Hongbin Ma, and their co-workers at the 
University of Missouri Department of Mechanical and Aerospace Engineering. During their investigations, they have reported a 
correlation between OHP thermal performance and the onset of rapid fluid oscillations for various configurations of a CuO-coated OHP, 
as determined by neutron radiography at the Neutron Imaging Facility (NIST Center for Neutron Research, BT-2) [1]. 

2 µm

• Calorimetric response of interfacial water: Differential scanning calorimetry (DSC) at the ORNL-CNMS will be used in search for an endo-/exothermic response characteristic 
of bulk (non-interfacial) water as function of hydration level (CNMS2018-108). In this way, we can determine a critical hydration-level threshold needed to form ice-I.

• Vibrational modes of interfacial water: Our comprehensive view of interfacial water dynamics will include an investigation of water’s vibrational modes using inelastic 
neutron scattering on the VISION instrument at ORNL-SNS, to be scheduled later this year (IPTS-20466). 
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2. Y. Zhang and A. Faghri, Heat Transfer Engineering 29, 20-44 (2008)
3. Y. Nam and Y. S. Ju, Journal of Adhesion Science and Technology 27, no. 20, 2163-2176 (2013)

QENS directly probes interfacial-water dynamics at the 
molecular scale. We have identified two populations of 
water based on their dynamics: a “fast” motion whose 
dynamics appear similar to bulk supercooled water; and, a 
“slow” component that we have interpreted as water which 
interacts directly with the hydrophilic nanostructures.
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This project was supported by NSF grant nos. DGE-1069091 and DMR-1508249.
A portion of this research used resources at the Spallation Neutron Source, a DOE Office of Science User Facility operated by the Oak Ridge National Laboratory.
We are also thankful for the excellent research facilities, expertise, and fruitful discussions at the University of Missouri Electron Microscopy Core, led by Dr. Tommi White.
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correlation between OHP thermal performance and the onset of rapid fluid oscillations for various configurations of a CuO-coated OHP, 
as determined by neutron radiography at the Neutron Imaging Facility (NIST Center for Neutron Research, BT-2) [1]. 
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• Calorimetric response of interfacial water: Differential scanning calorimetry (DSC) at the ORNL-CNMS will be used in search for an endo-/exothermic response characteristic 
of bulk (non-interfacial) water as function of hydration level (CNMS2018-108). In this way, we can determine a critical hydration-level threshold needed to form ice-I.

• Vibrational modes of interfacial water: Our comprehensive view of interfacial water dynamics will include an investigation of water’s vibrational modes using inelastic 
neutron scattering on the VISION instrument at ORNL-SNS, to be scheduled later this year (IPTS-20466). 

1. F. Z. Zhang, R. A. Winholtz, W. J. Black, M. R. Wilson, H. Taub, and H. B. Ma, Journal of Heat Transfer 138, 062901 (2016)
2. Y. Zhang and A. Faghri, Heat Transfer Engineering 29, 20-44 (2008)
3. Y. Nam and Y. S. Ju, Journal of Adhesion Science and Technology 27, no. 20, 2163-2176 (2013)

QENS directly probes interfacial-water dynamics at the 
molecular scale. We have identified two populations of 
water based on their dynamics: a “fast” motion whose 
dynamics appear similar to bulk supercooled water; and, a 
“slow” component that we have interpreted as water which 
interacts directly with the hydrophilic nanostructures.
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