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Figure 1. Schematic of the eco-friendly solar evaporator with a hybrid micro-/nano-architecture comprising an aligned CNF-based foam and a
carbon layer that was directly carbonized by CO2-laser irradiation.

Overall functions of the cellulose-based photothermal evaporator

Cellulose-based Photothermal
Evaporator: A Step Toward Securing
Sustainable Water Resources
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The development of

the cellulose-based
photothermal
evaporator is an
advancement of a
sustainable water

supply.
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n November 17,
2024, a research
team led by Profes-
sor You Jung-mok
from Kyung Hee
University’s Dept. of Plant &
Environmental New Resourc-
es announced the new paper
Nanocellulose-Based Interfacial
Solar Evaporatoer: Integrating
Sustainable Materials and Mi-
cro-/Nano-Architectures for So-
lar Desalination. The research
was published in Advanced
Functional Materials.

Addressing the Global Wa-
ter Crisis

Driven by the decline in global
scarcity of clean water resourc-
es, Prof. You turned his focus to
seawater desalination. Citing
United Nations’ data, he noted
that one-fifth of the world’s pop-
ulation is currently facing water
scarcity due to environmental
pollution. Prof. You emphasized,
“As clean water resources be-

come scarce, seawater desali-
nation technology is a practical
solution as seawater covers 70%
of the Earth’s surface.”

There are various ways of
desalinating seawater, such as
reverse osmosis, freezing, and
multi-stage flash. However,
Prof. You noted these technolo-
gies have limitations, including
complex equipment, high infra-
structure costs, low efficiency,
and secondary pollution caused
by fossil fuel usage.

To overcome these challeng-
es, Prof. You chose to focus on
evaporation-based desalination.
This process removes salt in sea-
water through evaporation and
condenses the remaining vapor
to produce clean water. The
traditional evaporation meth-
ods have been inefficient due
to significant heat loss and low
evaporation efficiency. This so-
lar-driven evaporation method
reduces heat loss and achieves
an excellent photothermal con-
version efficiency of over 90%.

Developing the Cellu-
lose-based Solar Evaporator

The research team went
further, deciding to eliminate
synthetic polymers in the
evaporator to reduce toxic sub-
stances. Prof. You stated, “In our
research, we aimed to develop
an eco-friendly photothermal
evaporator based on cellulose to
prevent the generation of micro-
plastics and toxic substances.”

The research team invented
the photothermal evapora-
tor using cellulose. Prof. You
explained, “Cellulose is one
of the world’s most abundant
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eco-friendly polymeric materi-
als and is particularly suitable
for the photothermal evapora-
tor due to its high hydrophilicity
and low heat conductivity.” The
research team created cellulose
nanofibrils (CNF) through the
fibrosis process. Subsequently,
the CNF was liquefied and rap-
idly frozened to form a cellulose
aerogel (CA), which serves as
the main structure of the pho-
tothermal evaporator. “CA ex-
hibits higher biodegradability
than synthetic polymers, which
enhances water supply perfor-
mance and improves evapora-
tion efficiency,” said Prof. You.

Key Innovations in Research

To improve previous evap-
orators’ water supply and
heat absorption efficiency, the
team implemented two key
processes. The first process is
ice-templating, a rapid freez-
ing method, which was used
to create specific structures
within a substance. The process
is applied in the formation of
a homogeneous porous struc-
ture. The porous structure
facilitated the seawater supply,
as well as improving the evap-
oration efficiency through the
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large surface area. In addition,
the porous structure has a
self-cleaning function. During
the desalination process, the
performance of the evaporator
often becomes hindered by the
accumulation of salt. Howev-
er, the porous structure of the
cellulose-based evaporator en-
ables salt to be expelled through
the continuous water flow, pre-
venting the issue.

The research team mentioned
formation of the porous struc-
ture was the biggest difficulty
of the research. Prof. You ex-
plained, “In early experiments,
the structure was often uneven-
ly formed or did not follow the
desired direction.” However,
these difficulties were solved by
carefully setting the conditions
for ice-templating. As a result,
all the water desalinated during
the experiment met the World
Health Organization’s drinking
standards.

The second process is the
Carbon Dioxide (CO2) laser car-
bonization process. To further
enhance photothermal absorp-
tion and conversion efficiency,
the team used CO: laser car-
bonization to create a thin car-
bon layer on the evaporator’s
surface. Prof. You explained,
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“The previous carbonization
process required large amounts
of energy and lacked precision.
In contrast, CO:z laser carboniza-
tion can be used by developing
countries due to its lower cost
and simpler technology and it
can formulate a more elaborate
carbon layer with low energy
consumption.”

Potential Applications and
Future Research

As a result, this research
significantly enhanced the effi-
ciency of photothermal evapo-
rators. Prof. You stated, “Consid-
ering the evaporation efficiency
of the previous photothermal
evaporator was only 70-80%,
this research achieved a 15-20%
improvement of the evapora-
tion efficiency.”

The cellulose-based evapora-
tor has potential application in
various fields in water-deficient
areas, purification of agricul-
tural water, and industrial
wastewater treatment. It could
be very beneficial to developing
countries in maintaining drink-
ing water and public health.
Prof. You further noted, “This
study can contribute to the Unit-
ed Nations Sustainable Devel-
opment Goals, particularly Goal
6 on Clean Water and Sanitation
and Goal 13 on Climate Action.”

The research team is now
preparing for follow-up re-
search and commercialization.
Prof. You explained, “We are
looking for ways to cooperate
with international organiza-
tions and non-governmental or-
ganizations so that this technol-
ogy can have a practical impact
in various regions, including
developing countries.”

In addition, the research team
plans to expand experiments
for practical use and conduct
performance verification in
various environments. Prof. You
mentioned, “The study has been
conducted in the laboratory
and actual solar conditions, but
long-term stability evaluation
in real-world environments is
needed. In future studies, we
plan to verify the performance
in various climate conditions
and study the possibility of mass
production of fresh water using
evaporators.” With continued
effort, Prof. You’s research raises
high expectations for the future
of seawater desalination and
its potential to address water
scarcity.
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The process of producing cellulose-based photothermal evaporator through ice-templating and carbonization
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