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Context and objectives
“Learning from Nature” is an endless source of inspiration and progress for
technological innovation, especially in the field of materials science. Materials derived
from the living world perform a variety of functions, such as self-healing, friction
reduction, wettability, permeability, mechanical strength, etc. and are often
incorporated within very complex structures. Some of them, such as diatomaceous
earths, have long been used as filtration agents or catalyst supports. For more than a
decade, there has been a very strong drive to mimic or use living systems to obtain
cutting-edge materials applied to photonics, optics, sensors, electronics, energy
conversion or medical applications.
With materials science expected to play a key role in solving a range of energy and
environment-related issues, concepts and solutions existing in nature offer a
particularly exciting field of research for scientists. Furthermore, not only are the
solutions themselves inspiring, but also the way bio-organisms achieve them. Applied
to existing systems, these fascinating concepts and properties could enhance
performance and make the development of a number of potential reactions and
processes – as yet only dreamed of – a concrete reality.
Topics will include all bio-inspired materials (biomimetic functional materials,
biocatalysts, green materials, synthetic materials) with improved (bulk or surface)
properties and use. Non restrictive examples are biopolymer hybrids, biotemplates
and bioreactors used for a number of applications, including heterogeneous
catalysis, dual catalysis, photocatalysis, electrochemistry, energy storage, etc.
The scientific program will cover the main advances made in the field of materials
synthesis for energy and sustainable development.
It will be structured to encourage interaction and feed debate between players from
the worlds of academic research, applied research and industry.

Main topics
•

Smart functional bio-inspired materials

•

Bio-inspiration for photo and electrocatalysis

•

Bio-inspired heterogeneous catalysts
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Wednesday 6 April
8.30

Registration

9.00

Opening of the conference
D. Uzio, G. Mabilon, Scientific Correspondents of SMILE 2016 (IFPEN, France)
Welcome Address
X. Longaygue, Scientific Division (IFPEN, France)

9.30

Plenary Lecture by J. Livage (Collège de France, UPMC, France)
Bio-inspired living materials

SESSION 1: SMART FUNCTIONAL BIO-INSPIRED MATERIALS
10.15 Self-healing thin glass coatings for high temperature applications
F. O. Méar1, T. Carlier1, L. Montagne1, R. Podor2, S. Saitzek1, J-F. Blach1,
R. Desfeux1 (1 Univ. Lille Nord de France - UCCS - CNRS, 2 Institut de Chimie
Séparative de Marcoule – CEA – CNRS - UM2 - ENSCM, France)
10.45 Bio-inspired gradient surfaces with controlling of wettability
Y. Zheng (Beihang Univ., China)
11.15 Break
11.35 Keynote address by B. Bhushan (Ohio State Univ., USA)
Biomimetics: bio-inspired, mechanically durable, nanostructured surfaces for
low drag and super-philicity/phobicity
12.15 Plaster reinforced composite for building applications: thermophysical and mechanical
properties
O. Hamdaoui1, A. Mazioud2, L. Ibos2, M. Safi1, O. Limam1
(1 Ecole Nationale d’Ingénieurs de Tunis, Tunisia; 2 Univ. Paris Est Créteil, France)
12.45 Lunch
14.00 Keynote address by R. Backov (CRPP-CNRS, France)
Integrative chemistry: from bio-inspired strategies toward advanced functional
materials
14.40 Bionanocomposites on the basis of polysaccharides
Y. Shchipunov (Russian Academy of Sciences, Russia)
15.10 A bio-sourced green hydrophilic MOF for heat reallocation
A. Permyakova1,2, E. Courbon2, O. Skrylnyk2, M. Affram1, G. Mouchaham1, F. Nouar1,
G. De Weireld2, T. Devic1, J.S. Lee3, C-H. Jun3, Y.K. Hwang3, J-S. Chang3,
N. Steunou1, M. Frere2, C. Serre1 (1 UVSQ, France ; 2 UMONS, Belgium ; 3 KRICT,
Korea)
15.40 Photosynthetic glass: as a responsive exothermic system
M. Alston (Univ. of Salford, UK)
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16.10 Break

16.30 Formation of hybrid materials based on calcium phosphate deposit on carbon fiber
scaffold
Q. Picard1, L. Guichaoua1, S. Delpeux1, N. Rochet2, J. Chancolon1, F. Fayon3,
F. Warmont1, S. Bonnamy1 (1 Univ.of Orléans, 2 iBV – INSERM/BIPOA, CEMHTI CNRS, France)
17.00 How simple macromolecular chemistry and bottom-up processes can lead to
functional bio-inspired materials?
L. Billon (UPPA, France)
17.30 Cellular solids in sea urchin spines: numerical analysis and possible use cases
I. Schäfer (IMWF, Germany)
17.50 End of the presentations – Departure to the cocktail dinner party

Thursday 7 April 2016
9.00

Keynote address by K. Raskin (CEEBIOS, France)
Bio-inspiration, a tool for responsible innovation?

9.40

Round Table with industrial actors
Bio-inspiration as a new paradigm in industrial Research & Innovation
Moderator: A. Renaudin (NewCorp Conseil, France)

12.00 Lunch

SESSION 2: BIO-INSPIRATION FOR PHOTO & ELECTROCATALYSIS
13.30 Keynote address by T. Fan (Shanghai Jiaotong Univ., China)
Hydrogen evolution via sunlight water splitting on an artificial butterfly wing
architecture learning from nature
T. Fan, X. Guo, Q. Zhao, H. Liu, H. Zhou, D. Zhang (Shanghai Jiaotong Univ., China)
14.10 From nickel complexes to hydrogen evolving material
M. Sircoglou, S. Cherdo, N. T. Vo, A. Aukauloo (Univ. Paris Saclay, ICMMO - CNRS,
Univ. Paris Sud, France)
14.40 New device architecture for advanced photocatalytic degradation
O. Ishchenko1,2, I. Fechete2, P. Turek3, F. Garin2, D. Lenoble1 (1 LIST, Luxembourg; 2
ICPEES – CNRS - Univ. de Strasbourg, 3 Institut de Chimie - CNRS - Univ. de
Strasbourg, France)
15.10 Bio-inspired and biomimetic materials towards solar energy utilization
H. Zhou, T. Fan, D. Zhang (Shanghai Jiaotong Univ., China)
15.40 Break
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16.10 Molecular assemblies for solar synthesis
A. Aukauloo (ICMMO – CNRS - Univ. Paris Sud, France)
16.40 Hybrid biofuel cell powered by glucose and oxygen
A. Both-Engel, M. Bechelany, D. Cornu, S. Tingry (Institut Européen des MembranesUniv. de Montpellier-ENSCM-CNRS, France)
17.00 End of the presentations

Friday 8 April 2016
SESSION 3 : BIO-INSPIRED HETEROGENEOUS CATALYSTS
9.00

Keynote address by M-O. Coppens (NICE Research, Univ. College London, UK)
Nature inspired chemical engineering - pathways to innovation and
sustainability

9.40

Cobalt containing polysiloxanes as potential catalysts
G. A. Queiroz, M. Wilhelm, K. Rezwan (Univ. of Bremen, Germany)

10.00 Break
10.30 Bio-inspired synthesis of transition metal sulfides catalysts for hydrotreating reactions
R. Munirathinam, D. Uzio, G. Pirngruber, D. Laurenti (IFPEN, France)
11.00 Hybrid catalysis, a new process for crossing bio- and chemical catalysis. application
to the synthesis of 5-HMF from glucose
A. Gimbernat1, J-S. Girardon2, P. Dhulster1, R. Froidevaux1 (1 Univ. Lille- Charles
Viollette Institute, 2 Univ. Lille – CNRS - UCCS, France)
11.30 Closing address
11.35 End of the conference
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SELF-HEALING THIN GLASS COATINGS FOR HIGH TEMPERATURE
APPLICATIONS

François O MÉAR1, Thibault CARLIER1, Lionel MONTAGNE1, Renaud PODOR2,
Sébastien SAITZEK1, Jean-François BLACH1, Rachel DESFEUX1
1

Université Lille Nord de France, UCCS UMR CNRS 8181, Villeneuve d’Ascq, France
2
Institut de Chimie Séparative de Marcoule, UMR 5257 CEA-CNRS-UM2-ENSCM,
Marcoule, France

Glass-ceramics are a technological solution to achieve efficient materials able to operate at
high temperatures, such as for enamel protective coatings applications. To overcome
cracking of the glass when subjected to thermal cycles, self-healing is shown to be a
promising solution. The self-healing property is defined as the capacity of a material to
recover its mechanical integrity and initial properties after destructive actions of external
environment or under internal stresses. Coillot et al. [Coillot et al., Adv. Funct. Mater., 2010]
have shown that the self-healing processing can be obtained in two different ways:
autonomous or non-autonomous.
Based on the non-autonomous processing, we propose an innovative approach based on
self-healing glassy thin films. They can be used for protective coating applications in the
aerospace field. The present study is based on a heterostructure made of alternating layers
of glass-ceramics and active particles, deposited by pulsed laser ablation. The properties of
the deposited films are function of many parameters such as: number of pulse and laser
power, atmosphere, temperature of the substrate, target-substrate distance, etc… We have
shown that the best deposition is obtained under high vacuum, at room temperature using a
pulse energy of 225 mJ. Varying the target-substrate distance from 3.5 to 5.5 cm, we obtain
homogenous layers of about 100 to 200 nm.
The characterization of the multi-layers films has been carried out with different techniques:
ellipsometry, ToF-SIMS, AFM, Castaing microprobe; the homogeneity has been evaluated by
Castaing microprobe and XPS; and structural characterization has been done by ATR-FTIR
spectroscopy. The efficiency of the self-healing effect is demonstrated by an in-situ
experiment performed into an environmental scanning electron microscope (HT-ESEM).

Dr. François O. MEAR
Lille 1 University
Catalysis and Solid State Chemistry Unit
Cité scientifique
59655 Villeneuve d’Ascq, France
+33-(0)3 20 33 72 46
francois.mear@univ-lille1.fr
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Bio-inspired Gradient Surfaces with Controlling of Wettability
Yongmei Zheng
School of Chemistry and Environment, Beihang University, Xueyuan Road 37, Haidian
District, Beijing, 100191, China
Reveal of biological wettability surface with gradients
Biological surfaces in natural environment that collect water have evolved unique
mechanisms, such as the capture silk of the cribellate spider, which collects water through a
combination of multiple gradients in a periodic spindle-knot structure after wet-rebuilding
process. Such structures drive tiny water droplets directionally toward the spindle-knots for
highly efficient water collection.[1] Besides, a wettable gradient also appears along the
exterior surface of papillae including nanohairs on fresh lotus leaf to suspend up
microdroplets in water condensation[2]. A multi-gradient effect resulted from the flexibly
ratchet-oriented micro- and nanostructure on butterfly wings triggers the directional water
repellency and even low-temperature superhydrophobic properties.[3] The study reveals
these gradient features on biological surfaces achieve the controlling of unique wettability.
Bio-inspired gradient surfaces with controlling of dynamic wettability
Inspired by the roles of micro- and nanostructures in the water collecting ability of spider silk,
a series of functional fibers are designed by using nanotechnology-related methods. The
“spindle-knot/joint” structures demonstrate the cooperation of multiple gradients in driving tiny
water drops to collect water at micro- and nano-level. The geometrical-engineered thin fibers
display a much higher water capturing ability than normal fibers in fog flows; the bead-onstring heterostructured micro-fibers are capable of intelligently responding to environmental
changes in humidity; the tiny water droplets can be controlled the transport in directions by
designing the temperature, photo, rough-responded surfaces on fibers; the continuous size
spindle-knots fiber can realize the droplet transport in a long distance for water collection in
efficiency. By integrative gradient features of surfaces between spider silk and beetle back, a
kind of wettable star-shape pattern surface also realizes the effect of water repellency rather
than others. To develop the functional surface, the wettable gradients in different modes are
fabricated onto the high adhesive surfaces, thus the high adhesive surface realize the
controlling of droplet spreading in directions.[4-8] Otherwise, learning from butterfly wing and
plant leaf display water repellency and low-temperature superhydrophobicity, bioinspired
surfaces with optimal micro- and nanostructures display distinctly anti-icing, ice-phobic and
de-ice abilities. It is also demonstrated further that the oriented or asymmetric features on
geometries at micro- and nano-level can generate the driving of droplets that is resulted from
the surface energy gradient, in addition to the trapped-air in multi-structures at Cassie’s
state. Especially, the superhydrophilic oriented-nanohaired surface exhibits the directional
transport of drop as the surface is at high temperature [9-10]. These studies are greatly
significant to help to design the novel functional engineering wettability-controlled surfaces.
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Yongmei Zheng, Professor, Xueyuan Road 37, Haidian District, Beijing, 100191, China, phone: +8610-82338212, e-mail: zhengym@buaa.edu.cn.
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Biomimetics: Bioinspired, Mechanically Durable, Nanostructured Surfaces
for Low Drag and Super-Philicity/Phobicity
Bharat Bhushan
Ohio Eminent Scholar and The Howard D. Winbigler Professor
Director, Nanoprobe Laboratory for Bio- & Nanotechnology and Biomimetics
The Ohio State University, 201 W. 19th Avenue
Columbus, Ohio 43210-1142 USA
bhushan.2@osu.edu http://www.mecheng.osu.edu/nlbb/
In nature, a complex interplay of structural and chemical properties allow biological
materials to function from the macroscale to the nanoscale. The field of biomimetics uses
lessons from nature to develop new nanomaterials, nanodevices, and processes. Some of
these natural materials are self-cleaning, self-healing, water-repellent, especially strong,
aerodynamic or hydrodynamic; others are good for energy conversion and conservation,
adhesion, or thermal insulation. The first part of the talk will provide a broad overview of
four selected species of interest found in nature and applications under development or
available in the marketplace. These will include (1) the lotus effect, used to develop
superhydrophobic and self-cleaning/anti-fouling surfaces with low adhesion3-5, (2) shark
skin, used to develop surfaces with low fluid drag and anti-fouling characteristics3,6, and (34) the rice leaf and butterfly wing effects used to develop superomniphobic and selfcleaning/anti-fouling surfaces with low drag7. The rice leaf and butterfly wing effects
combine the shark skin and lotus effect. The second part of the talk will present a technique
to develop surfaces with various phobicity/philicity using a layer-by-layer technique. This
technique includes a combination of bioinspired roughness with varying surface chemistry,
not found in nature, to result in coatings that can repel or attract not just water but also
oils8. By varying the layers deposited, coatings can be made to be hydrophilic/oleophilic,
hydrophilic/oleophobic, hydrophobic/oleophilic or hydrophobic/oleophobic. These various
techniques provide the basis to fabricate surfaces for a range of applications including selfcleaning, anti-fouling, anti-smudge, anti-fogging, anti-icing, and oil–water separation. These
coatings are also found to be mechanically durable and optically transparent.

Les Rencontres Scientifiques d’IFP Energies nouvelles

SMILE 2016 - Sustainable Materials Inspired by the Living world for Energy

1

Bhushan, B., “Biomimetics: Lessons from Nature - An Overview,” Phil Trans. R. Soc. A 367, 1445-1486
(2009).
Bhushan, B., Springer Handbook of Nanotechnology, 3rd edition, Springer-Verlag, Heidelberg (2010).

2

3

Bhushan, B., Biomimetics: Bioinspired Hierarchical-Structured Surfaces for Green Science and
Technology, Springer-Verlag, Heidelberg, Germany (2012).
4

Nosonovsky, M. and Bhushan, B., Multiscale Dissipative Mechanisms and Hierarchical Surfaces:
Friction, Superhydrophobicity, and Biomimetics, Springer, Heidelberg, Germany (2008).

5

Bhushan, B. and Jung, Y. C., “Natural and Biomimetic Artificial Surfaces for Superhydrophobicity,
Self-Cleaning, Low Adhesion, and Drag Reduction,” Prog. Mater. Sci. 56, 1-108 (2011).

6

Bixler, G.D. and Bhushan, B., “Fluid Drag Reduction with Shark-skin Riblet Inspired Microstructured
Surfaces,” (Invited), Adv. Func. Material. 23, 4507-4528 (2013).
7

Bixler, G. D. and Bhushan, B., “Rice- and Butterfly-Wing Effect Inspired Low Drag and Antifouling
Surfaces: A Review”, Crit. Rev. Solid State Mat. Sci. 40, 1-37 (2015).
8

Brown, P. S. and Bhushan, B., “Bioinspired superhydrophilic, superhydrophobic, superoleophilic,
superoleophobic coatings prepared by layer-by-layer technique” Sci. Rep. (Nature) 5, 14030 (2015).

Les Rencontres Scientifiques d’IFP Energies nouvelles

SMILE 2016 – Sustainable Materials Inspired by the Living world for Energy

NATURAL FIBRES REIFORCED PLASTER FOR BUILDING
APPLICATIONS: THERMOPHYSICAL AND MECHANICAL PROPERTIES

Ons HAMDAOUI1,2, Atef MAZIOUD2, Laurent IBOS2, Mohamed SAFI3, Oualid LIMAM1
1
Laboratoire de Génie Civil, Ecole Nationale d’Ingénieurs de Tunis, Université Tunis El
Manar, BP 37 le Belvédère 1002, Tunis, Tunisie
2
Centre d’Etude et de Recherche en Thermique, Environnement et Systèmes, Université
Paris Est Créteil, 61 av. du Général de Gaulle, 94010 Créteil Cedex, France
3
Unité Mécanique-Energétique, Ecole Nationale d’Ingénieurs de Tunis, Université Tunis El
Manar, BP 37 le Belvédère 1002, Tunis, Tunisie

Abstract
The building sector accounts over one third of final energy consumption in the world, and
more than 40% in the developing countries. For example, in Tunisia, energy situation was
favourable in the early 1980s. However, since 2000, this country has become an importer for
energy with the national hydrocarbon production decrease and the urban population growth.
According to the National Energy Management Agency (ANME), construction sector is
expected to be the second energy consumer by 2020 and the first by 2030. Then,
investment in this power hungry sector is paramount to save energy.
Building energy performances are directly related to construction material used. Thus, better
thermal insulation materials, manufactured with low energy process are needed. Biocomposites reinforced with natural fibres could be interesting for economic and sustainability
reasons. Posidonia-Oceanica balls, which are abundant in Mediterranean coasts and
considered as a great pollution issue, could be an important source of fibres.
The main objective of this work is to use bio-composite materials made of Tunisian plaster
and Posidonia-Oceanica fibres in construction field in order to reduce organic waste and
energy consumption.
Parallelepipeds made of natural fibres reinforced plaster at different weight fractions ranging
from 0 to 3% and with different distributions illustrated by figure 1, are tested to determine
their thermophysical properties and compared to balsa wood reinforced plaster.
The thermal conductivity and diffusivity are measured by the periodic method DICO, the
thermal effusivity and heat capacity values are then deduced.
The results show that these parameters depend strongly on the nature of the material of
reinforcement, the proportion of fibres and their distributions on the plaster matrix:
- The balsa wood reinforced plaster shows the best thermal properties; its thermal
conductivity may be from 3 to 26% less than Posidonia-Oceanica fibres reinforced
plaster’s thermal conductivity.
- The sandwich distribution shows the best thermophysical properties while the random
distribution showed the worst ones.
‐ The increase of fibre volume fraction affects the workability of the plaster because of the
hydrophilic character of fibres.
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The water absorption test of Posidonia-Oceanica fibres shows a high water saturation rate
around 193%. This rate is obtained after 24h of immersion.
The thermal conductivities of the reinforcements are deduced by using the heat transfer
resistance models. Thermal conductivities founded are 0.062 W.m-1.K-1 for balsa wood and
and 0.132 W.m-1.K-1 for Posidonia-Oceanica.
The numerical simulation of regular distributions is implemented by using Fluent software
based on finite volume methods. The results are in good agreement with the experimental
ones.
Mechanical properties have been considered in this study. Samples have been tested in
three point bending and compression until complete rupture. Results of three points bending
tests show a slight improvement of the flexural strength compared to the control plaster.
Compressive strength tests show a decrease in the compressive strength for all composites
compared to the plain plaster which confirm the literature.
Key words: bio-composite, plaster, fibres, weight fraction, distribution, properties,
hydrophilic character, numerical simulation

Figure 1. Different distributions of Posidonia-Oceanica reinforced plaster
(a) fibres sandwiched between two layers of plaster,
(b) four parallelepipeds placed inside the plaster
(c) fibres randomly distributed in the matrix

Ons HAMDAOUI, Phd student, Ecole Nationale d’Ingénieurs de Tunis, BP 37 le Belvédère 1002, Tunis,
Tunisia, +21653200591, Université Paris-Est Créteil, 61 Avenue du Général de Gaulle, 94000 Créteil,
ons.hamdaoui@gmail.com
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Integrative Chemistry:
From Bio-inspired Strategies toward Advanced Functional Materials

Chemical sciences are on continuous evolution offering more and more complex
synthetic strategies that rely on emerging inter- and trans-disciplinary vocation.[1] In
this vein, we will demonstrate how Integrative Chemistry, through combining soft
matter and soft chemistry, allows scissoring matter over all length scales . Therefore,
we will focus the talk on biliquid foam oil/water interfaces and sol-gel chemistry
toward rational morphosynthesis of advanced funtionnal foams. Several nonnexhaustive applications will be discussed ranging from heterogeneous biocatalysts
(enzymatic and metallic), energy conversion (bio-electrocatalysis), enegy storage as
well as the multiscale study of bacterial proliferation modes within macrocellular
foams.

[1] La révolution permanente de la chimie. MATTHIEU QUIRET - Les Echos | Le
30/11/2007
En savoir plus sur http://www.lesechos.fr/30/11/2007/LesEchos/20058-061-ECH_larevolution-permanente-de-la-chimie.htm#60fzFK0CswjgyCUm.99

Pr.R.Backov
Chimie Intégrative
CRPP-CNRS Bordeaux
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BIONANOCOMPOSITES ON THE BASIS OF POLYSACCHARIDES

Yury Shchipunov
Institute of Chemistry, Far East Department, Russian Academy of Sciences, Vladivostok,
690022 Russia

Introduction
There are numerous examples of hierarchically structured and highly efficient functional
materials from mineralized organics in the living nature. The development of biomimicking
methods based on green chemistry is an area of tremendous activity for engineering
advanced materials with regulated structural organization and functionalities through easier
processability without using an acid or alkali and organic solvents. Here the fabrication of
bionanocomposites consisting of biopolymers and nanosized inorganic constituent are
considered. They are prepared by two main approaches that are developed by our team.
One calls for biomimicking mineralization and another, combination of mainly chitosan with
nanoparticles of various origin. Their application enables one to develop functional materials
examples of which are presented.
Biomimicking mineralization by silica
The key aspect of our approach is in the silica precursor. Instead of generally used
tertraethoxysilane, which is not enough compatible with biopolymers, tetrakis(2-hydroxyethyl)
orthosilicate (THEOS) with ethylene glycol residues is suggested. The exchange of ethanol
for the ethylene glycol separated after the hydrolysis makes it biocompatible with
biopolymers because of the absence of denaturation of proteins and precipitation of
polysaccharides. Another advantage consists in fast hydrolysis in neutral media. Therefore,
processes are performed in one stage without using an acid or alkali.
The method is ideally suited for the preparation of biocatalysts. The entrapment conditions –
pH value and temperature - are dictated by an enzyme, but not the processing. It is possible
to immobilize very labile proteins that lost their activity after the separation from biological
sources even at the appropriate conditions within few hours. The entrapment into the
inorganic matrix results in a sharp increase of their lifetime. They demonstrate sometimes
even enhanced enzymatic activity in comparison with the initial solutions.
Encasing of polysaccharides by silica can be applied for developing sensors with watersoluble substances like dyes. They are initially are attached to a macromolecule that is
mineralized. It prevents their leakage from inorganic matrix.
The approach is also appropriate for the mineralization of cellulose. Inorganic coating
decreases its absorbability of water. When cellulose aerogels are prepared, it stabilizes them
in wet conditions.
Photocatalytic and self-cleaning materials
The mineralization technique is extended for the preparation of bionanocomposites with
titania. Its coating is formed by a modified route. Very fast hydrolysis and condensation
reaction are regulated through limited hydration of polysaccharide in nonaqueous media.
This allows obviating the common precipitation of titania after a precursor addition into
aqueous or water-containing solutions. When titania precursor is admixed in nonaqueous
media with cellulose, it is involved into the instant hydrolysis and following condensation
reactions where contacting with the hydrating water going to work as a reaction center. This
results in its formation mainly on the cellulose fibrils. Bionanocomposites are treated then at
various temperatures to transfer titania into a crystalline state.
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Cellulose demonstrating significant self-cleaning ability under the outdoor sunlight irradiation
is prepared at the moderate conditions (80oC). The polysaccharide template can be removed
by calcination or carbonized that results in novel materials with crystalline titania. It is
possible to regulate the ratio of anatase to rutile as well as dimension of nanocrystals. Some
of prepared samples had a photocatalytic activity comparable with commercial
photocatalysts.
Chitosan bionanocomposites
Chitosan is combined with nanoparticles by a novel approach based on the polysaccharide
property to be in charged/non-changed state according to the solution pH. Its tiny
microparticles dispersed in a solution of nanoparticles at a pH a little larger than pKa value at
which the polysaccharide is insoluble. To reach a homogeneous mixing of the cationic
chitosan with negatively charged nanoparticles, the solution is progressively acidified. When
charging, polysaccharide macromolecules are coming into electrostatic interactions with
oppositely charged nanoparticles. If the process is performed in this manner, the precipitation
and the phase separation are excluded that are usually observed when a solution of chitosan
taken in its charged form is mixed with another one containing negatively charged
counterparts. In the course of progressive charging of chitosan, cationic groups generated
gradually are involved in situ in instant electrostatic interactions with negatively charged clay
nanoparticles that provides their homogeneous distribution in the bionanocomposite. We
make good use of this versatile method to combine chitosan with various negatively charged
clay nanoparticles, oxidized carbon nanotubes and graphen oxide as well as with
hydroxyapatite microparticles. It can be applied to fabricate hydrogels, freestanding films and
coatings. Their formation is caused by the gradually increased interactions of oppositely
charged counterparts proceeded in the self-organizing regime. The jellification results from
an ordered three-dimensional network of various morphology. The morphological features
depends on the clay nanoparticles and concentration ratio between them and chitosan in the
initial mixture. Films have pronounced stratified layer (nacre-like) structure from stacked
nanoparticles and aligned chitosan macromolecules. Their combination leads to a significant
improvement of mechanical properties. Bionanocomposites thus prepared are well examined
by various physico-chemical techniques that allows to suggest a mechanism of selforganization at nanoscopic level.

Yury Shchipunov, Professor, Institute of Chemistry, Far East Department, Russian Academy of
Sciences, Vladivostok, 690022 Russia, Tel: +7-423-2314481, e-mail: yas@ich.dvo.ru title, address,
phone, (10-point Arial, left-justified)
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A BIO-SOURCED GREEN HYDROPHILIC MOF FOR HEAT REALLOCATION
A. PERMYAKOVAab, E. COURBONb, O. SKRYLNYKb, M. AFFRAMa, G. MOUCHAHAMa,
F. NOUARa, G. DE WEIRELDb, T. DEVICa, J.S. LEE,c C.-H. JUN,c Y. K. HWANG,c J.-S.
CHANGc, N. STEUNOUa, M. FREREb, C. SERREa
a

Institut Lavoisier, Université de Versailles St-Quentin en Yvelines, 45 Avenue des EtatsUnis, 78035 Versailles Cedex, France.
b
Faculté Polytechnique de UMONS, Service de Thermodynamique et de Physique
mathématique, 31, boulevard Dolez, 7000 Mons, Belgique
c
Catalysis Center for Molecular Engineering, Korea Research Institute of Chemical
Technology (KRICT), Jang-dong 100, Yuseong, Daejeon 305-600 (Korea)

Abstract
Nowadays the forceful development of the energy storage technologies requires the design
novel adsorption materials. Energy reallocation concept allows storing renewable solar
energies at short (hours) and middle term (inter seasonal) and provides application domains
such as energy transformation and energy storage. Both applications are based on the same
principle of the adsorption heat release (adsorbent) when considering physical adsorbent as
energy storage material. Among currently investigated physical sorption materials for energy
reallocation such as zeolite, silica gel and aluminophosphates, Metal Organic Frameworks
(MOFs) are novel and highly promising hybrid crystalline adsorbents.
Due to their higher degree of versatility in terms of chemical functionality, structural
properties (high specific surface, pore size and shape), and physico-chemical properties
(hydrophilicity, water stability), Metal Organic Frameworks present tunable water sorption
behaviors in terms of water sorption capacity as well as position of the adsorption step (p/p 0 )
together with a relatively low energetic regeneration cost. Nowadays, one of the most
promising candidates for heat reallocation among hybrid porous solids is the recently
reported highly hydrophilic and hydrothermally stable porous solid MIL-160(Al) (Figure 1).

Figure 1. The schematic structure of MIL-160: right: helical chains cis-connected by corner and
surrounded by four carboxylate from four ligands, left: square shaped channels delimited via the
ligands linking four chains.
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MIL-160 consists on the helical cis-corner-sharing chains of AlO 6 octahedrons connected via
carboxylate groups of the aromatic linker (2,5-furandicarboxylic acid (FDCA)). This leads to a
1D micropore system (φ~5-6 Å)with a resulting surface area close to 1100 m2.g-1.This linker
is particularly attractive since it is derived from a renewable biomass feedstock that is
already produced on an industrial scale, which would significantly decrease the overall cost
of the corresponding MOF material.
Some of us recently demonstrated that MIL-160 exhibits both a very a high loading lift within
typical adsorption heat pump (AHT) cycle (adsorption at 313 K and 1.2 kPa and desorption
at 368 K and 5.6 kPa) exceeding the value of commercial porous solid SAPO-34, and an
excellent stability which makes this product an ideal candidate for heat transfer
applications.[1]
In order to use this MOF for an industrial scale application, optimisation of the synthesis
conditions and shaping of this MOF are required. In this communication, we report a novel
synthetic strategy using safer and green conditions, in order to up-scale the production of
this MOF (~200 g scale) and to process it into pellets. This material has finally been
evaluated in pilot test with an open reactor for space heating application and the first
conclusions will be reported here.[2] The experimental energy storage capacity is in full
agreement with theoretically predicted value.
[1] A. Cadiau, J. S. Lee, D. Damasceno Borges, P. Fabry, T. Devic, M. T. Wharmby, C. Martineau, D.
Foucher, F. Taulelle, C.-H. Jun, Y. K. Hwang, N. Stock, M. F. De Lange, F. Kapteijn, J. Gascon,
G. Maurin, J.-S. Chang, C. Serre, Adv. Mater. 2015, 27, 4775.
[2] A. Permyakova, E. Courbon, O. Skrylnyk, M. Affram, G. Mouchaham, F. Nouar, G. de Weireld, T.
Devic, J.S. Lee, C.-H. Jun, Y.K. Hwang, J.-S. Chang, N. Steunou, M. Frère and C. Serre 'in
preparation'

Anastasia Permyakova, Bio-sourced green hydrophilic MOF for heat reallocation, Institut Lavoisier,
Université de Versailles St-Quentin en Yvelines, 45 Avenue des Etats-Unis, 78035 Versailles Cedex,
France, 01 39 25 44 07, nastyaMGU@gmail.com
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Photosynthetic glass: as a responsive exothermic system
Abstract Can photosynthesis of leaves evolve glass into a photoactive energy
system? A living glass organism that emulates the chemical reaction cycle of leaves by
exothermic principles. This metabolic cycle of biochemical triggers, are
multifunctional mechanisms to progress a material into an thermal, regulatory system.
To enable a high emissivity optically clear material by capture of IR for conductivity
removal, to enable thermal switching selectivity in response to IR for thermal heat
flow targeting. The evolution of glass into a photoactive thin adsorption layer, at a
integrated multiscale level, for reactions energy cycles in response to solar radiation.
Nature’s biological systems are living multifunctional mechanical information
systems of chemical composition. They have the ability to learn and adapt to changing
climatic conditions by self-regulation of solar adsorption, to achieve thermal
management. These self-programmable controls of adaptive material performance will
progress the surfaces of a glass buildings, from being a mere material entity, to a
dynamic one.
This response to real time performance change by the hour, season and weather
conditions is exothermic management of a optically clear composite material as a
thermal flow cycle. Turning surfaces of buildings into a living energy organism that
responds to solar radiation and contributes to the planet’s energy needs. To integrate
biologically inspired engineering principles focused upon observation, analysis and
quantification of heat seeking targeting, to evaluate material conductivity regulation
by thermal switching. This evaluation of heat flow as a thermal regulatory system
within a optically clear composite material are exothermic principles, that will be
investigated in this paper.

Keywords: biosystem, energy, adsorption, conductance, exothermic, thermal
switching, cycle.

Mark Alston,
Programme director | School of the Built Environment
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FORMATION OF HYBRID MATERIALS BASED ON CALCIUM PHOSPHATE
DEPOSIT ON CARBON FIBER SCAFFOLD
Q. Picard1, L.Guichaoua1, S. Delpeux1, N.Rochet2, J. Chancolon1, F. Fayon3,
F.Warmont1, S. Bonnamy1
1

ICMN (ex-CRMD), CNRS / University of Orléans, 1B rue de la Férollerie, 45071 Orléans
Cedex 2, France
2
Institut de biologie Valrose INSERM/BIPOA, 06107 Nice Cedex 2, France
3
CEMHTI, CNRS, 1D Avenue de la Recherche Scientifique, 45071 Orléans Cedex 2, France

Introduction
Due to their breathability, specific mechanical properties and biocompatibility, activated
carbon clothes (ACC) have previously been considered for hard and soft tissue implanting.
However, their poor biological activity restricts their extensive use in medical applications and
therefore needs to be enhanced 1,2,3 . Carbon fiber-reinforced calcium phosphate (CaP)
composites, combining the highly biocompatible, osteoconductive and bioactive CaP matrix
with the properties of carbon fibers, are promising bioceramic material, which could be
particularly useful in the reconstruction of bone defects3.
Experimental methods
CaP coated ACC are obtained by sono-electrodeposition process using cathodic
polarization. Ca(NO 3 ) 2 , 4H 2 O and NH 4 H 2 PO 4 are used as electrolyte. The influence of
electrochemical parameters is connected to the amount, microtexture, structure and
chemical composition of CaP phases. The materials biocompatibility was determined by
culturing primary human osteoblast-cells (HOST) in contact with CaP/ACC hybrid materials.
Results and dicussion
The mass uptake tends to a limit corresponding to the decrease of nucleation sites. The
current density gouverns the CaP characteristics: amount, morphology and chemical
composition. Indeed, the quantity of deposit is proportional to the applied current density
(thickness ranging from 10 nm to 1 µm). During CaP deposition, water electrolysis regime
gouverns the pH decrease at the carbon electrode surface and consequently leads to CaP
precipitation. This process gives biomimetic and uniform CaP coated fibers. Their CaP
chemical compositions can be modulated to get similar ones to natural bones. SEM, HRTEM
and FTIR characterizations show that the coating consists in a mixture of octacalcium
phosphate and plate-like carbonated HA phases at low current densities and needle-like
carbonated HA with calcium carbonate phases at high current densities. 1H and 31P MAS
NMR of deposits confirm the presence of carbonated HA with a minority of disordered CaP
phase. First biological results through in vitro osteoblast culture have evidenced the cell
viability on hybrid materials (Fig. 1).
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Figure 1: SEM image of human osteoblasts cultured at 7 days in the presence of CaP/ACC
hybrid material obtained at low current density.
Conclusion
The sono-electrodeposition process allows to tailor the thickness, morphology (platelets or
needles), chemical composition and to get biomimetic CaP coatings consisting mainly in
carbonated HA with minor disordered CaP phases. Close to natural bone chemical
composition, the CaP/ACC hybrid materials show a good interaction with primary HOST and
therefore could be used as bioactive scaffold for bone regeneration.
REFERENCES
1. Han HM. et al., New Carbon Mat. 22:121-125, 2007
2. Stoch A. et al., J. Mol. Struct. 651–3: 389–396, 2003
3. Kuo MC. et al., Mat. Sci. Eng. C 20:153–160, 2002
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How simple macromolecular chemistry and bottom‐up processes can lead to
Functional Bio‐inspired Materials?
L. BILLON
IPREM UMR 5254, Equipe Physique & Chimie des
Polymères Université de Pau & Pays de l’Adour
2 avenue Angot, 64053 PAU Cedex 09

Abstract

The present talk aims at designing bio-inspired materials by the intimately association
between bottom-up fast solvent evaporation processes and a panel of building blocks based on soft
matter.
Hierarchically functional structured honeycomb films, as porous surface, from well-defined
macromolecular structures will be first described for a number of applications including
iridescence, adhesion, pH-responsive reversible wettability, bioactivity, photocatalysis or for light
extraction in an Organic Light Emitting Diode.
Then, photonic crystals over 100 cm2 elaborated by extrusion or pressure casting processes from
latexes building blocks will be shown. Finally, a fully bio-sourced formulation mimicking nacre will be
demonstrated as an efficient flame retardant coating.
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Cellular Solids in sea urchin spines: Numerical analyses and possible use
cases.
Schäfer, Immanuel
Institute for Materials Testing, Materials Science and Strength of Materials (IMWF), Stuttgart,
Germany

Cellular Solids:
Sea urchin spines show a very complex hierarchical and lightweight structure which consists
out of highly porous Mg-enriched calcium carbonate. They can resist high mechanical loads
and when getting compressed, they show a graceful failure behaviour (Presser et al. 2009).
Their porous surface and the open foam microstructure (the stereom) allows the exchange of
liquids. The first sea urchin spine (Ø = 1 cm; length up to 12 cm, (Presser et al. 2009)) which
is under research here is from the sea urchin species “Heterocentrotus Mamillatus”, the slate
pencil urchin (see Fig. 1).

Figure 1: Spine of the slate pencil sea urchin, Copyright®2014 by R. Scheck, MPA Universität Stuttgart

These animals live in the warm sea (Indo-Pacific region) in depths up to 25 meters and fixes
themselves in the rocks with the help of the spines. The spines shows in addition to its
porous inner structure in the scale of micrometres also a kind of growth ring like structures
visible in Figure 2 right (meso structure).

Figure 2: Result of the image processing

Fem Simulation of the sea urchin spine specimen

The analysis starts with a step of image processing methods to generate a model of a part of
a sea urchin spine. Basis for that are ct- (computer tomography) images.
With this method, a high accuracy on the shape transformation into the model can
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accomplished. This involves different steps in image processing like converting the images,
denoising, definition of different regions with thresholds of grey values and finally transfering
the structures in geometrical models and meshing them for analysing them in a FEM (finite
element method) analysis. There, stresses can be calculated and the results can be
compared with experimental results.
In a second approach, the porous microstructure is transferred from ct images (high
resolutions ct images) into numerical models.

Figure 3: Inner porous structure, (one pore has a diameter of ca. 30 µm).

Because of the high amount of structural information, only parts of the structure can be
analysed with FEM at one time. For that a method needs to be developed to compare the
different results from different places all over the sea urchin spines. The results need to be
analysed in a way to show the influence of different microstructures or gradients of the
porosity found at different places in the sea urchin spine trough e,g statistical methods like
the Weibull distribution. Through a correlation of microstructure and resulting mechanical
response, principles can be extracted and transferred into new materials for the use not only
in architecture. In the ongoing research, not only the mechanical properties are of interest,
but also the possibilities to use the same or an adapted microstructure to transfer e.g heat, or
even water for the use in buildings.
Literature :
Presser, V. et al., 2009. Sea Urchin Spines as a Model-System for Permeable, Light-Weight Ceramics with
Graceful Failure Behavior. Part I. Mechanical Behavior of Sea Urchin Spines under Compression. Journal
of Bionic Engineering, 6(3), pp.203–213. Available at:
http://linkinghub.elsevier.com/retrieve/pii/S1672652908601250 [Accessed May 28, 2013].
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HYDROGEN EVOLUTION VIA SUNLIGHT WATER SPLITTING ON AN
ARTIFICIAL BUTTERFLY WING ARCHITECTURE LEARNING FROM NATURE
Tongxiang FAN, Xingmei GUO, Qibin ZHAO, Huiui LIU, Han ZHOU, Di ZHANG
State Key Lab of Metal Matrix Composites, Shanghai Jiaotong University, Shanghai, 200240,
P.R. China.
Introduction
Pt loaded artificial butterfly wing architecture TiO2 (ABWA-TiO2) was synthesized. The
Pt ABWA-TiO2 enhanced the hydrogen evolution rate by 2.3 times in sunlight water splitting
compared to the nonarchitectured counterpart(PtNT-TiO2).
Experimental
The black wings of male butterfly Papilio helenus Linnaeus were utilized as template.
Theoretical simulation were performed on OptiFDTD software as illustrated in our previous
study.[1] The experimental procedures for ABWA-TiO2 synthesis and corresponding Pt
loading and water splitting were carried out based on our previous reseach[2].
Results and Discussion
Simulation of the antireflection architecture. In order to demonstrate the antirefection
property of the butterfly-wing architecture, 3D FDTD (finite-difference time-domain)
simulations were performed. Simulation model was built according to the average size of
original wing scales obtained by FESEM images and a planar scale model was also built by
squeezing original model into a slab of the same bottom area and volume for comparision.
Fig. 1a,c present the comparison between the simulation results of original model and
planar scale model, as well as the measured reflection/transmission spectra of original
scales. Compared with the result of planar scale model (about 14% in reflection), architecture
of the scales exhibits a significant antireflection effect (about 1~4% in reflection).
In order to demonstrate how light interacts with architecture, poynting vector maps were
presented to show the energy distribution of the reflected/transmitted light. As shown in Fig 1
b,d, most of the incident radiation energy is reflected by the ridges and the ribs that separate
the nano-holes and transmitted through the holes. The unique antireflection property is
caused by the coupling effect of ridges and nano-hole arrays. To be more specific, the
inverse-V type ridges with oblique side walls transfer light to the nano-hole area where size
effect occurs. The nano-hole arrays change from wave guides for short wavelengths to
barriers and absorbers for longer wavelengths, just like a high pass filtering layer. [1]

Fig. 1 (a,c)Measured reflection and transmission spectrum of the original scale, simulated results of
the original scale and the planar scale model. (b,d)Poynting vector distribution map of original model
for reflection and transmission.

Morphorlogy of ABWA-TiO2. As shown in Fig. 2a-c, the ridges and hole arrays of
original butterfly-wing architecture were kept intact in ABWA-TiO2 only with some dimension
shrank. Therefore ABWA-TiO2 perfectly inherited the hierarchical architecture of the wing
templates. Fig. 2d shows that TiO2 grains and nano-pores distributed homogeneously.
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Fig. 2 (a-c) FESEM images of the architecture of ABWA-TiO 2 . (d) TEM image of ABWA-TiO 2 .

Sunlight water splitting performance. Compared with nonarchitectured TiO 2 (NTTiO 2 ), light absorption was enhanced by ~ 30% for ABWA-TiO2 in a wavelength range from
220 nm to 380 nm (Fig. 3a). Considering that TiO2 was a high efficiency photocatalyst under
UV light, the reason for this phenomenon was the overall dimension shrank in the process of
transforming the original scales into ABWA-TiO2, and thus the required wavelength shifted
from the visible range for butterfly wings to the UV range for a photocatalyst.
Furthermore, the hydrogen producing performances of ABWA-TiO2 in pure water was
much lower than that in 10% aqueous methanol, which acted as a sacrificial electron donor.
The hydrogen evolution rate was about 500 times higher in aqueous methanol than that in
pure water.[2] Besides, ABWA-TiO2 has a hydrogen production rate 7 times higher than NTTiO2. What’s more, in order to improve charge transfer and create hydrogen desorption
sites, Pt nanoparticles were loaded on ABWA-TiO2 and the hydrogen evolution rate was
enhanced by 2.3 times. The yield reached a maximum when Pt was ~1.5 wt% (Fig. 3c).

Fig. 3 (a) Light harvesting efficiency of ABWA-TiO 2 (red) and NT-TiO 2 (blue). (b,c) Hydrogen evolution
of the samples in 10% aqueous methanol under UV and visible light irradiation: Comparison between
ABWA-TiO 2 and NT-TiO 2 (b); and comparison between ABWA–TiO2 series loaded with different
amount of Pt particles(c).

Conclusions
We demonstrated the structure assisted antireflection in the ridge/nano-hole array
architecture in butterfly wings. ABWA-TiO2 was synthesized by using the original butterfly
wings as template. The hierarchical architecture borrowed from template works on several
levels to enhance catalytic activities of Pt loaded TiO2 and thus is able to enhance the
hydrogen evolution rate by 2.3 times compared to its nonarchitectured counterpart. This work
provides a novel exemplary paradigm for the design of efficient photocatalytic systems by
drawing inspiration from nature. The strategy of mimicking Mother Nature’s elaborate
creations in making materials for renewable and clean energy should be further extended.
References
(1) Q. Zhao, X. Guo, T. Fan, J. Ding, D. Zhang, Q. Guo, Soft Matter, 2011, 7, 11433.
(2) H. Liu, Q. Zhao, H. Zhou, J. Ding, D. Zhang, H. zhu, T. Fan, Phys. Chem. Chem. Phys.,
2011,13,10872.
(3) S. Lou, X. Guo, T. Fan, D. Zhang. Energy Enviro. Sci., 2012, 5, 9195.
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From Nickel complexes to Hydrogen Evolving Material
Marie SIRCOGLOU, Stéphanie CHERDO, Nhat Tam VO, Ally AUKAULOO
Université Paris Saclay, Institut de Chimie Moléculaire et des Matériaux d’Orsay, UMR 8182
CNRS / Université Paris Sud, Laboratoire de Chimie inorganique

A pressing contemporary issue is to develop new ways for the production of a clean source
of energy. Among different alternatives, hydrogen is expected to play a key role in our future
energetic mix. To date there are still several technological concerns to overcome to set an
economy based on H2. However, a sustainable and cheap way to produce H2 remains the
main challenge on the agenda. Molecular chemists are devoting considerable effort to design
and prepare abundant first row transition metal complexes that can potentially share the
catalytic activity of platinum. An increasing number of molecular systems for hydrogen
evolution reaction (HER) based on iron, cobalt and nickel complexes have been reported
with interesting catalytic activities. However, a major concern with the molecular catalysts is
that they are plagued by the inevitable limited turnover number. This arguably raised
questions on the weak features in the design of the molecular catalysts and on the intimate
nature of the catalytic species. i An often-disregarded pathway is the chemical alteration of
the initial molecular complex leading to the real catalytic species.
In the study we will present, we have been interested in re-investigating the electrochemical
behaviour of [Ni(DMGBF2)2] (DMG = dimethylglyoxime), a complex that we previously
described as a poor molecular catalyst for the reduction of protons. We found that the
molecular [Ni(DMGBF 2 ) 2 ] complex is actually electrochemically modified under acid reducing
conditions leading to the formation of nickel-based nanoparticles at the surface of a graphite
carbon electrode. The chemically modified electrode shows remarkable activity for the HER
in an aqueous solution at pH 7. Controlled experiments indicate that the use of the starting
molecular complex is necessary for the formation of the electroactive nickel particles.
Both DFT calculations and experimental data support that the first 4e /4H+ are used for the
reduction of the iminic groups. The resulting species is further subjected to electrochemical
alteration at the surface of the electrode leading to the formation of nickel nanoparticles.
Such an electrochemical activation pathway of the nickel bis-glyoximato complex clearly
evidenced the crucial role of the ligand in the process for the nanoparticle deposits at the
surface of the electrode. ii
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In the continuity of this work, we studied the influence of the nature of the ligand on the
mechanism of formation of such a material. We also discovered that the modified electrode is
active toward CO 2 reduction in aqueous and organic media, which opens interesting
perspectives in the domain of fuel synthesis. iii

Marie Sircoglou, Maitre de Conférences, ICMMO UMR 8181 - rue du Doyen George Poitou, Bat 420 Université Paris Sud - 91405 Orsay Cedex, 0169157055, marie.sircoglou@u-psud.fr

i

C. Costentin, S. Drouet, M. Robert and J.-M. Savéant, J. Am. Chem. Soc., 2012, 134,
19949–19950.

ii

S. Cherdo, S. El Ghachtouli, M. Sircoglou, F. Brisset, M. Orio, A. Aukauloo, Chem.
Commun. 2014, 50, 13514–13516.

iii

Ongoing work. Unpublished results.

Les Rencontres Scientifiques d’IFP Energies nouvelles

SMILE 2016 – Sustainable Materials Inspired by the Living world for Energy

New device architecture for advanced photocatalytic degradation
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Environmental remediation of pollutants is one of the most discussed modern challenges. The
economic activities of developed and under-development countries have an important impact
on water or air contamination. Industrial activities are one of the most important source of
pollution. Yet, humans’ organic waste such as sewage or farming activities waste also have
an important environmental impact. Every day, 2 million tons of sewage and industrial and
agricultural waste are discharged into the world’s water (UN WWAP 2003). This is critical,
knowing that only 2.5 % of the total volume of available water on Earth is fresh. What is more,
according to WHO and UNICEF, approximately 894 million people globally do not have
access to reliable water sources. On an average 250 million people worldwide succumb to
diseases related to water pollution [1].
Water purification in modern societies has become a critical need. In general, water
purification consists in complex physicochemical processes such as coagulation and
flocculation into insoluble phase, sedimentation, several filtration steps, and disinfection.
Several types of disinfections exist, such as the use of chlorine, ozone or UV. However, the
purified water rejected in the aquatic environment still contains chemical substances, for
instance antibiotics or pesticides. This means there is a need of improving the efficiency of
water purification to increase the accessibility of people to pure water and to prevent from the
rejection of pollutatns into the ecosystem.
The photocatalytic approach was proposed several decades ago as an eco-friendly solution
for the water and air remediation by the pollutant’s degradation in the aqueous or gas phase.
The possibility of degradation of complex organic compounds into simple CO2 and H2O seems
very attractive and promising for environmental remediation. A range of semiconductor
materials is able to initiate the Redox degradation mechanism due to their electronic bands
structure. The first water splitting property was shown by Honda-Fujishima on titanium dioxide
initiated by the irradiation lower than 400 nm that corresponds to the TiO2 band gap at 3.0 eV
[2]. Since this time a large number of investigations have been published over last four
decades. Still, a high potential of this approach still attracts the interest of the scientific
community up to our days.
The existing photocatalytic materials, which fit with the criteria to be chemically stable,
biocompatible, non-toxic and low-cost, are TiO2, ZnO, SnO2 [3,4]. The significant amount of
work was proposed to develop the understanding and improve the performances of the
photocatalysis where TiO2 still keeps the leader position in a range of the other materials as
ZnO, SnO2, Fe2O3, CdS, ZnS and potential application of perovskites materials for the
environmental remediation.
The main problem of these materials is the wide band gap that limits the light absorption. In
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fact, the activation of photocatalytic materials is allowed for the light with the wavelength lower
than the band gap energy; it means that only 20% of the solar spectrum could be involved into
the photocatalytic reaction. The activation of the photocatalytic material under visible-light
became a major challenge for the scientific community. However, not only the narrowness of
adsorbed light but also a short lifetime of photogenerated carriers, due to their excitonic
recombination, reduces its efficiency.
Currently, major research axes to improve the efficiency of photocatalytic reaction are based
on the band gap tunning by doping known metal oxides (with C, P, N, etc) or introduction
other lattice defects, fabrication of heterostructures with overlapping band-gap levels
(SnO2/ZnO), and coupling the metal-oxides with plasmonic nanoparticles. This last approach
became very promising giving shift in the light absorption. The plasmonic nanoparticles are
acting as carriers trapping to reduce the electron-hole recombination in the UV range but also
become active under the visible light irradiation. Under visible light the metal nanoparticles
produce the phenomenum of surface electron’s oscillation known as the surface plasmon
resonance (SPR). The inconvenient of this plasmonic approach is the possible complete
coverage of the photocatalytic surface by the metal nanoparticles that could reduce the
specific surface area of metal oxide.
In the present work, we report on the fabrication of highly organised TiO2 nanostructures and
their assembly with plasmonic nanoparticles. The advantages of this architecture concept are
in assembly of major approaches improving the photocatalytic activity:The TiO2 is grown as
well-organised vertically standing nanowires. It was already shown that the nanostructuration
of the films increase the efficient light absorption by increasing the light path and the light
interaction with the photoactive materials [5,6].
The plasmonic nanoparticles, acting as carrier trap, also activate the system under visible
range, are well organized on the top of TiO2 nanowires.
The well organised TiO2 nanostructures are fabricated using anodized alumina oxide (AAO)
template. Various methods of TiO2 nanowires fabrication were reported in the literature
(Atomic Layer Deposition (ALD), Chemical Vapour Deposition, Vapour Liquid Solid growth,
Hydrothermal growth). The AAO template is selected as an industrially scalable substrate.
The AAO membranes are produced with a control of a pore length not larger than 1-2 µm. The
TiO2 comformal films are deposited on AAO by ALD. An ALD deposition forms a residual
layer, which needs to be removed in order to have an access to alumina inter pore space. The
reactive ion etching (RIE) is applied in order to remove the residual layer on the top of
membrane. The wet etching by phosphoric acid is optimised to have a precise etching control
for nanowires release.
Plasmonic nanoparticles are grown by direct assembly of block copolymers (BCP). The BCP
method is an alternative to lithography method allowing obtaining self-assembly nanoparticles
down to 10nm over very large surfaces.
The photocatalytic tests on the nanostructurated and non-structurated films showed a
degradation improvement under UV light and also activity under visible light. The first results
on coupling of TiO2 films with well-assembled gold nanoparticles show a significant shift to the
visible range.
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BIOINSPIRED AND BIOMIMETIC MATERIALS TOWARDS SOLAR ENERGY
UTILIZATION
Han ZHOU *, Tongxiang FAN, Di ZHANG
State Key lab of Metal Matrix Composites, Shanghai Jiaotong University, Shanghai, China
Materials found in nature combine many inspiring properties, such as sophistication,
miniaturization, hierarchical organizations, hybridization, resistance, and adaptability, after
billions of years of stringent selection processes. A notable feature of natural systems is that
they exhibit highly organized hierarchical structures from the nano- to the macrometer scale.
Many of these hierarchical, elaborate structures are barely attainable by man-made
materials. Natural systems also usually exhibit one, two, or three dimensional (1D, 2D, and
3D) elaborate periodic architectures, even on the nanoscale, that we simply cannot copy by
using current engineering techniques. Another of nature’s remarkable features is that various
stereospecific nanostructures available (e.g., DNA, proteins, viruses, and peptide
superstructures). Many sophisticated structures usually endow biological systems with
unique functions. For example, the periodic structures of butterfly-wing scales, the hexagonal
close-packed crystal structure of sea-mouse spines, the complicated periodic nanostructures
of the compound eyes of insects, give rise to natural photonic crystal functions. Some
structures of biological systems have close relationships with functions of energy capture,
storage, and conversion. For instance, the hierarchical structures of green leaves and certain
photosynthetic plants are favorable for the efficient light harvesting of photosynthesis,
whereas the periodic hierarchical structures of some photosynthetic microorganisms, such as
diatoms, endow them with particular optical functions. Some desert plants can reflect a large
part of visible and UV light because of their unique surface structures. On the other hand,
superhydrophobic surfaces can be used for energy conservation by reducing energy
dissipation.
Thus, inspiration from nature’s repertoire to organize and assemble materials on length
scales, or biomimic nature’s elaborate architectures or systems to design and construct
complicated structures with related functions, has brought about a promising area of bioinspired materials and systems [1]. Inspired by nature, we developed several bioinspired
materials from structural design principles for solar energy utilization.
(1) A natural leaf is a synergy of complex architectures and functional components to
produce an amazing bio-machinery for photosynthesis, that is efficiently harvest solar
energy and convert water and carbon dioxide into carbohydrates and oxygen. Natural
leaves have demonstrated the perfect assembly of hierarchical levels of porosity into 3D
elaborated architectures with high porosity, high connectivity and high surface areas for
efficient mass flow including gas exchange and water transportation. Furthermore, the
whole architecture of natural leaves strongly favors light harvesting [2]. We demonstrate
a design strategy for a promising 3D artificial photosynthetic system architecture as an
efficient mass flow/light harvesting network relying on the morphological replacement of a
concept prototype-leaf’s 3D architecture into perovskite titanates for CO 2 photoreduction
into hydrocarbon fuels (mainly CO and CH 4 ) [3]. The process uses artificial sunlight as
the energy source, water as an electron donor and CO 2 as the carbon source, mimicking
what real leaves do.
(2) We report a promising photocatalytic system with both desirable morphology and suitable
band-gap configuration for efficient visible light water splitting [4]. Such photocatalyst is
realized by the inspiration from leaf’s morphology and photosynthesis basic mechanism –
Z scheme reaction. The unique architectures – hierarchical macro/mesoporous
morphology of natural leaves are retained in the man-made systems to enhance overall
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light harvesting and to offer more absorption and reaction sites for the catalytic reactions.
The photocatalytic modules– CdS(shell)/Au(core)/N-TiO 2 heterostructures are served as
a prototype here to demonstrate this concept, in which N-TiO 2 and CdS serve as PS II
and PS I, respectively, while Au acts as the electron transfer mediator.
(3) Mother Nature has already known to smartly use far red-to-NIR light via their evolved
intelligent systems with superior components and elaborated architectures. Some
pioneering endeavors discovered that certain biological systems (e.g. snake skins,
butterfly wings) are able for NIR harvesting due to their unique micro/nanoarchitectures
with underlying mechanisms. Here we report the demonstration of a new strategy, based
on adopting nature’s NIR light responsive architectures, for an efficient far red-to-NIR
plasmonic hybrid photocatalytic system. The system is constructed by controlled
assembly of light-harvesting plasmonic nanoantennas (gold nanorods) on a typical
photocatalytic unit having butterfly wings’ 3D architectures. Experiments and FDTD
simulations demonstrate the structural effects on obvious far red-to-NIR photocatalysis
enhancement which originates from the synergetic effects of (1) Enhancing far red-to-NIR
light harvesting ability, up to 25%. (2) Enhancing electric-field amplitude of localized
surface plasmon to more than 3.5 times than that of the non-structured one. This
research would potentially lead to an entirely new paradigm in harvesting NIR photons for
practical use. The study demonstrates that butterfly wings scales, as a concept prototype,
hint at a more general principle for NIR light photocatalysts with a great variety of
optimized biological geometries and the underlying mechanisms. We view this study to
be the first step in the development of a new methodology for NIR photocatalysis via
morphology control. A next step will be to tailor and engineer the NIR responsive of
elaborated nanostructures with artificial nanofabrication methods such as electron beam
lithography, photolithography, 3D printing technology, self-assembly and so forth. This is
also a pioneering work on the light-matter interaction between plasmonic metal
nanostructures and semiconductors with unique 3D micro/nanoarchitectures. The
observation and in-depth understanding of such light-matter interaction is the key to the
development of plasmonic metal nanostructures based devices. We anticipate that this
bio-inspired strategy could be extended to other solar conversion systems such as solar
cells, thermoelectric devices, photodetector and so forth.
[1] H. Zhou, T. X. Fan, D. Zhang, ChemSusChem, 2011, 4, 1344-1387.
[2] H. Zhou, X. F. Li, T. X. Fan, F. E. Osterloh, J. Ding, E. M. Sabio, D. Zhang, Q. X. Guo,
Advanced Materials, 2010, 22, 951-956.
[3] H. Zhou, J. Guo, P. Li, T. X. Fan, D. Zhang, J. H. Ye, Scientific Reports, 2013, 3, 1667.
[4] H. Zhou, L. Ding, J. Ding, T. X. Fan, D. Zhang, Q. X. Guo, Applied Catalysis B:
Environmental, 2014, 147, 221-228.
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Hybrid biofuel cell powered by glucose and oxygen

Both-Engel Adriana, Bechelany Mikhael, Cornu David, Tingry Sophie
Institut Européen des Membranes, UMR-5635, Université de Montpellier, ENSCM,
CNRS, place Eugène Bataillon, 34095 Montpellier Cedex 5, France.

Context
Owing to environmental concerns and recharging delays, numerous efforts have focused
on developing alternative systems for energy production that are capable of operating
independently over prolonged periods of time, without the need for external recharging or
refueling [1].
In this context, we are developing a prototype of hybrid biofuel cells able to convert
chemical energy to electrical energy from abiotic oxidation of carbohydrates on metallic
nanoparticle catalysts, combined with enzymatic reduction of O2 to H2O by multicopper
oxidases. The advantage of hybrid biofuel cell is on one hand, the selectivity of the enzyme
toward the electrochemical reduction of O2, and on other hand, fast reaction kinetics of
carbohydrate oxidation and long-term stability thanks to metallic nanoparticle catalysts [2].
Moreover this device can operate from glucose, as biodegradable and bio-sourced fuel
issuing from biomass that presents a maximum guarantee of security and non-toxicity.

Goal
Carbon materials with high surface area present several interesting characteristics that
make them an appropriate material for potential applications, especially as electrodes in
energy harvesting devices. An interesting strategy is to combine the intrinsic properties of 3D
carbon materials with those of metal-based nanoparticles or enzymes with catalytic
properties, thus creating new functional composite materials.
The focus of our group is to use electrospun carbon fibers (ECFs) as base material that
present valuable characteristics like good electrical conductivity and high specific surface,
allowing the immobilization of a large amount of biocatalysts. The ECFs are produced by
electrospinning of a polyacrylonitrile solution followed by convenient thermal treatments. The
greatest advantage of this technique is the possibility of obtaining fibers with very low mean
diameter (in the range between some nanometers to some micrometers) and long enough to
form a free-standing paper of fibers [3]. Based on strategies related to the fabrication of new
and active electrodes with high specific area, we have synthesized ECFs as material
electrodes to increase catalyst loadings and facilitate electron transfer for designing efficient
hybrid biofuel cell prototype.
Results
CEFs can be covered by nanoparticles in a post-fabrication step, by adsorption for
instance. However the weakness of the bonding and the heterogeneity of the coating are
some limitations for many applications, like biosensors and electrode materials. In the
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present work, we describe a facile one pot route preparation of ECFs doped in situ with gold
(nano)particles, in an effort to create a stable and homogeneous material. This new material
showed competitive response for gold catalyzed electro-oxidation of glucose.
The porous structure and the large surface area of ECFs make them ideal for enzyme
immobilization to develop cathode to perform oxygen reduction at low overpotential [4]. In
this work, the enzyme bilirubin oxidase, known to promote the four-electron reduction of
oxygen at pH 7.4, was entrapped on the CEFs within a biopolymer chitosan. Different layers
structures have been tested. The performance of the resulting electrodes has been studied
toward the catalytic O2 electroreduction by electrochemical measurements.
All the synthesis steps, material characterization and testing will be discussed. Finally,
the performance of the prototype build with both optimized cathode and anode will be
presented. The hybrid glucose biofuel cell developed in this work presents high long-term
stability, offering exciting prospects for future studies.
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COBALT CONTAINING POLYSILOXANES AS POTENTIAL CATALYSTS
Germana A. QUEIROZ, Michaela WILHELM, Kurosch REZWAN
University of Bremen - Advanced Ceramics, Germany
Abstract
The conversion of carbon dioxide (CO 2 ), originating from production processes and flue gases
of CO 2 -intensive sectors, to useable resources, has great environmental and industrial
potentials due to improving the resource efﬁciency of industry as well as by contributing to the
reduction of CO 2 emissions. The emission of carbon dioxide into the atmosphere is one of the
most serious problems with regard to the greenhouse effect. Therefore, there is a great
interest in finding methods to reduce CO 2 emissions such as CO 2 capture, separation and
storage, and moreover by converting CO 2 into more useful compounds. Among the methods
employed, the methanation reaction is a particularly promising technique for producing energy
carriers or chemicals. Consequently, our current research focuses on the study of catalytic
materials for applications in heterogeneous catalytic reactions, i.e. the methanation reaction of
CO 2 using polymer-derived ceramics (PDCs). Polysiloxane-based, hierarchically-ordered
materials with different functional organic groups, are extremely versatile and with many
possible applications among them are the structures for catalyst supports. For the preparation
of novel catalyst materials we established an emulsion-based synthesis route for the
generation of organo-silica-based monolithic hybrid ceramics with a high content of different
organic groups and furthermore embedded cobalt nanoparticles. This process generates
hybrid ceramic monoliths with a hierarchical pore size distribution and tailorable surface
characteristics. Here, methyl polysiloxane (MK), tetra ethylorthosilicate (TEOS) and (3Aminopropyl) triethoxysilane (APTES) were used as precursors, CoCl 2 was used as the
metallic precursor, NH 3 solution was used as an alkaline catalyst, and SPAN 80 was
employed as an emulsifier. After cross-linking for 5 days at room temperature, the obtained
monoliths were dried by thermal treatment and subsequently pyrolyzed at 500 or 600°C. With
the three different organo-functionalized siloxane precursor MK, TEOS, and APTES the
monolithic emulsion based hybrid ceramics can be generated and adding metal precursor
CoCl 2 , generated the metal-containing emulsion-based hybrid ceramics. By adjusting the
water/oil ratio and using High- or Low Internal Phase Emulsions (HIPEs or LIPEs), controlled
micro-, meso-, and macropore distributions are obtained. After pyrolysis the materials were
characterized via N 2 -adsorption/desorption analysis (BET), scanning electron microscopy
(SEM), mercury intrusion and H 2 O and n-Heptane vapor adsorption. Before the pyrolysis step
a small aliquot was taken for thermogravimetric analysis (TGA). The measurements showed
that materials featured specific BET surface areas of up to 417 m2/g without losing the
monolithic structure, the metal free samples generate mainly macroporous structure and
cobalt content induces mesoporosity. Co containing samples adsorb more water and the
samples have hydrophilic behavior at 500 and 600°C. These materials have characteristics
catalyst like handling stability and high specific BET surface areas and special the material
monolithic emulsion-based ceramers with cobalt (Co-MEBC). The results obtained
demonstrate that soft template in the production of porous materials are applicable in
heterogeneous catalysis.
Germana A.Queiroz, Dr. Ing-, Am Biologischen Garten 2, Tel 0421 218 64956, arruda@uni-bremen.de
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BIO-INSPIRED SYNTHESIS OF TRANSITION METAL SULFIDE CATALYSTS FOR
HYDROTREATING REACTIONS
Rajesh MUNIRATHINAM, Denis UZIO, Gerhard PIRNGRUBER, Dorothee LAURENTI
IFP Energies nouvelles (IFPEN) - Lyon, Rond-point de l'échangeur de Solaize, BP 3,
69360 Solaize, France
Past decades have witnessed the evolution of more stringent environmental regulations, in
order to protect the atmosphere of the mother earth from pollutants that evolve from the
consumption of fossil fuels. This requires the development of highly active and efficient
hydrotreating (HDT) catalysts. The most widely used catalysts for this process contain,
Mo(W) as the active metal, Ni(Co) as the promoter and Al2O3(SiO2/TiO2) as the carrier. To
improve the catalytic activity, different kinds of additives can be added to control the active
phase properties such as dispersion and bimetallicity. Though alumina presents very
interesting properties as support, some drawbacks are strongly limiting for the development
of the next generation of HDT catalysts such as the upper limit of metal loading keeping high
degree of dispersion or the strong interactions with metallic precursors leading to a loss of
active phase. In order to avoid such limitations, coating the surface of alumina by polymers is
one of the suitable option. The use of bio-molecules and bio-polymers as additives is a newly
emerging field, which still leaves room for exciting discoveries. In this project, we explore
possible bio-polymers that are able to coat the alumina surface, and bring their own
functional groups (hydroxide, carbonyls, amines) that may help to disperse the metal
precursors avoiding detrimental interactions.
First, the biopolymer was successfully coated on the alumina surface as confirmed by FTIR,
13
C NMR and TGA measurements. Later, (Co)Mo metal precursors were impregnated onto
the biopolymer coated alumina support to get the final catalyst. TEM observations show
smaller and better dispersed slabs on alumina coated with biopolymer and impregnated with
CoMoP catalyst containing 20 wt% MoO 3 loading than the one without biopolymer coating
(Fig. 1). This result is significant since it opens encouraging perspectives for the preparation
of high metal loadings catalysts.
We will discuss the performances of thus prepared bio-inspired catalysts in hydrogenation of
toluene and hydrodesulphurisation of 3-methylthiophene reactions. Further, we will also
present the results of the catalysts supported on biopolymer coated silica and titania
supports in hydrotreating reactions.

Rajesh MUNIRATHINAM, Postdoctoral Researcher, IFP Energies nouvelles (IFPEN) - Lyon, Rondpoint de l'échangeur de Solaize, BP 3, 69360 Solaize, France, 04 78 02 30 14,
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Annexure

Fig. 1 TEM images of a) CoMoP catalysts supported on biopolymer coated alumina and b) CoMoP
catalyst supported on alumina with 20% MoO 3 loading.
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HYBRID CATALYSIS, A NEW PROCESS FOR CROSSING BIO- AND
CHEMICAL CATALYSIS. APPLICATION TO THE SYNTHESIS OF 5-HMF FROM
GLUCOSE
Alexandra Gimbernat1, Jean-Sébastien Girardon2, Pascal Dhulster1, Rénato
Froidevaux1
Univ.Lille, EA 7394, USC 1281 – ICV – Charles Viollette Institute, F-59000 Lille France
Univ Lille, UMR CNRS 8181, Unité de Catalyse et Chimie du Solide, F-59000 Lille France
1

2

The use of biomass as a raw material is particularly attractive as a potentially competitive
strategy to overcome the scarcity of fossil fuels and try to minimize the negative environmental
impact associated with their use. Indeed, biomass is the main source of renewable carbon and
usable to obtain chemical intermediates. Nevertheless, the transformation of highly
functionalized molecules from biomass requires a renewal of the knowledge acquired during
the implementation of existing petrochemical processes. Thus, the concept of bio-refinery is
currently the focus of many international studies. The conversion of biomass in these new
production units requires the design of new processes and the control of these new chemical
transformations marking Industrial renewal.
The project exhibit here is part of the innovative development of the concept of "hybrid
catalysis" taking advantages of combining biocatalysis and chemical catalysis to transform
molecules from biomass. Specifically, this work focuses on the conversion of glucose to 5hydroxymethylfurfural (5-HMF), a strongly strategic intermediary to obtain molecules of high
added value. For example, in the context of biobased polymers, its oxidation product is the
2,5-furandicarboxylic acid, a candidate to the replacement of terephthalic acid (chemically
obtained by oxidation of benzene) involved in the synthesis of polyesters (including PET).
Taking advantage of the high selectivity achieved by enzymatic catalysis and high productivity
obtained by chemical catalysis, an increased productivity of 5-HMF is expected. The keylock
to this project is to find compatible reaction conditions for both types of catalysis, from a purely
chemical level (solvent compatibility, temperature and pH) to the process implementation
(cascade reaction or one-pot). The optimum reaction conditions have been determined, those
of the enzymatic isomerization of glucose to fructose on one hand and for the fructose
dehydration on the other hand. Leading to a process were the two catalysis are perform, as a
real dual one. The first strategy, a "cascade" method, requires the preliminary study of the
principle of liquid membrane for the transport of reactive species "from one catalysis to the
other." A second strategy based on a "one - pot" process is envisaged requiring a prior
research compatibility of operating conditions.
The interdisciplinary nature of the project involves quite different areas of expertise gathered
through the collaboration enzymatic engineering and processes laboratory (Charles Viollette
Institute team ProBioGEM), with the Catalysis and Solid Chemistry unit (UCCS team VALBIO)
of the University of Lille.

Gimbernat Alexandra, PhD student, Charles Viollette Institute, ProBioGem lab, Avenue Paul
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alexandra.gimbernat@gmail.com
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