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A. Master internship proposal

Context and motivations:

Global climate change is now unmistakably apparent and largely irreversible, primarily
due to a combination of historical and ongoing human activities." Recent research’
underscores the fact that nearly all of the world's energy consumption involves processes
related to the production or manipulation of heat across a broad spectrum of temperatures.
Consequently, the effective management of thermal energy has emerged as a central concern
in our global energy production and consumption landscape. Given the critical juncture of our
societal and environmental development, there is an urgent need to introduce innovative and
alternative solutions for energy management. The proposed research critically examines
distinct approaches aimed at fine-tuning the thermal conductivity and enhancing the properties
of polymer based solid materials, suitable for applications including, electric vehicles, portable
electronics, or data centers, where efficient heat dissipation is required.

The development of novel materials using carbonaceous nanomaterials such as
graphene to precisely control thermal conductivity, surpassing that of currently employed
materials, is indispensable for influencing the performance and reliability of the
aforementioned applications.>® One promising avenue involves the utilization or creation of
nanostructured or nanocomposite materials, as they offer the potential for finely-tailored
thermal conductivity. These cutting-edge, human-engineered materials are considered among
the most promising materials of our generation.”~'° Realizing their full potential necessitates
an interdisciplinary approach involving thermal engineering optimization and the
establishment of design principles. Furthermore, it calls for the implementation of dual
methodologies, combining multiscale models for predicting material properties with specifically
tailored experimental characterization techniques and methodologies.

Objectives

This research endeavor focuses on the experimental synthesis and examination of the
relationship between microstructure and thermophysical attributes in polymeric materials, a
relationship that hinges on the kinetics governing their transformation. The study seeks to



characterize these materials through various techniques, such as Scanning Thermal
Microscopy (SThM)'"'2 and the 3-omega method, to quantify their thermophysical properties
with different spatial resolutions. Additionally, their optical properties, particularly emissivity,
will be assessed using Infrared Fourier Transform (FTIR) spectroscopy.™

The research comprises two key phases. The initial phase involves the production of
these innovative metamaterials, and the methodology for preparing such nanocomposites has
already been established within the laboratory of Professor Bozlar at the University of Texas.
Subsequently, the focus will shift to characterizing these novel samples, with a specific
emphasis on quantifying their infrared emissions and establishing radiative properties,
primarily emissivity. Emissivity, a critical radiative thermal property, holds immense relevance
in various energy management applications, including radiative cooling, solar cells, infrared
photodetectors, and broad-spectrum optical sources. Furthermore, the thermal conductivity of
these materials will be assessed using either the SThM or the 3-omega technique, whenever
applicable.

The research student’s initial responsibilities will entail assisting with specific tasks in
the project's early stages, progressing to the production and comprehensive characterization
of these newly developed material. It's important to note that the properties of polymeric
nanocomposites are intricately tied to the fabrication process and the degree of mixing
between nanofillers and the polymer matrix, rendering them tunable. The insights gained from
this work are anticipated to enhance our understanding of the conductive and radiative
properties of these materials, potentially opening doors to their utilization in various cutting-
edge applications like thermal management in electronic systems, or even radiative cooling in
the built environment to reduced Air Conditioning loads.

Master internship Program:

The work plan includes the following five main steps.
1. Understanding the project goals through bibliography research at ESYCOM lab at the
beginning of the project
2. Learning to use the 3-omega technique and the FTIR spectroscopy and performing
experiments and measurements at ESIEE Paris, while at ESYCOM lab for the first six months,
3. Learning to use the SThM technique and performing experiments and measurements at
CETHIL, for the last 3 months of the internship.
4. Experimental synthesis and analysis of the microstructure of polymeric nanocomposites at
the University of Texas at Arlington (Dept. of Mechanical & Aerospace Engineering) first part
of the internship for 3 months at the USA,
5. Examining the relationship between microstructure and thermophysical properties of
samples. This step comprises also bibliography research.

B. Brief scientific description of the teams involved

Groups involved:

The project brings together leading experts in the areas of the fabrication of novel materials
using carbonaceous nanomaterials, the thermal characterization and the optical
measurement.

ESIEE Paris - ESYCOM, ESIEE Paris - Université Gustave Eiffel

ESYCOM Laboratory works mainly in the fields of engineering of communication systems,
sensors and microsystems for the city, the environment and the person.

The topics covered are more specifically:


http://esycom.cnrs.fr/

- Micro-devices for recovering ambient mechanical, thermal or electromagnetic energy.

- Antennas and propagation in complex media, photonic components - microwaves;

- Microsystems for environmental analysis and pollution control, for health and the interface
with living organisms;

CETHIL, INSA Lyon — Université de Lyon; « Micro and Nanoscale Heat Transfer » team
The scientific interests of the team deal with the development of metrologies and modeling to
study physical mechanisms and properties of energy transport in nanostructured objects and
at solid-solid interfaces. Nanoscale heat conduction, thermoelectric generation,
thermophotovoltaic devices and near-field thermal radiation are the main research topics. The
team has extensive skills in Scanning thermal microscopy (SThM) and thermal analysis at
micro/nanoscale. The team developed four SThM instruments and the associated
measurement methodologies. S. Gomés (CNRS Prof.), who will participate in the internship
supervision, is expert in SThM.

BNL, University of Texas at Arlington

Bozlar Nanoscience Lab is a multidisciplinary materials science research group. The primary
goal is addressing urgent societal needs by combining fundamental and applied research,
especially in the area of energy and the environment. Research at BNL is concentrated in the
area of nanomaterials synthesis, characterization, and applications.
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