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PLN-1
From Maxwell’s displacement current to nanogenerator driven self-powered systems and blue energy
Zhong Lin Wang
School of Materials Science and Engineering, Georgia Institute of Technology, Atlanta, Georgia, USA
Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences, China.
Self-powered system is a system that can sustainably operate without an external power supply for
sensing, detection, data processing and data transmission. Nanogenerators (NG) were first developed
for self-powered systems based on piezoelectric effect and triboelectrification effect for converting
tiny mechanical energy into electricity, which have applications in internet of things,
environmental/infrastructural monitoring, medical science, environmental science and security. Here,
we first present the fundamental theory of the NGs starting from the Maxwell equations. In the
Maxwell’s displacement current, the term
gives the birth of electromagnetic wave, which is the
foundation of wireless communication, radar and later the information technology. Our study indicates
that, owing to the presence of surface polarization charges present on the surfaces of the dielectric
should be added in the Maxwell’s displacement current, which is
media in NG, an additional term
the output electric current of the NG. Therefore, our NGs are the applications of Maxwell’s
displacement current in energy and sensors. NGs have three major application fields: micro/nanopower source, self-powered sensors and blue energy. We will present the applications of the NGs for
harvesting all kind mechanical energy that is available but wasted in our daily life, such as human
motion, walking, vibration, mechanical triggering, rotating tire, wind, flowing water and more. Then,
we will illustrate the networks based on triboelectric NGs for harvesting ocean water wave energy, for
exploring its possibility as a sustainable large-scale power supply. Lastly, we will show that NGs as
self-powered sensors for actively detecting the static and dynamic processes arising from mechanical
agitation using the voltage and current output signals.
[1] Z.L. Wang, Materials Today, 2017, DOI: 10.1016/j.mattod.2016.12.001.
[2] “Nanogenerators for Self-Powered Devices and Systems”, by Z.L. Wang, published by Georgia Institute of
Technology (first book for free online down load): http://smartech.gatech.edu/handle/1853/39262
[3] Z.L. Wang, L. Lin, J. Chen. S.M. Niu, Y.L. Zi “Triboelectric Nanogenerators”, Springer, 2016.
http://www.springer.com/us/book/9783319400389
[4] Z.L. Wang “Triboelectric Nanogenerators as New Energy Technology for Self-Powered Systems and as
Active Mechanical and Chemical Sensors”, ACS Nano 7 (2013) 9533-9557.
[5] Z.L. Wang, J. Chen, L. Lin “Progress in triboelectric nanogenertors as new energy technology and selfpowered sensors”, Energy & Environmental Sci, 8 (2015) 2250-2282.
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INV-5
Recent process on anode materials for direct hydrocarbon solid oxide fuel cells
Ping Li1,2, Yongdan Li1,2*
1State

Key Laboratory of Chemical Engineering (Tianjin University), Tianjin Key Laboratory of Applied

Catalysis Science and Technology, School of Chemical Engineering, Tianjin University, Tianjin 300072, China
2Collaborative

Innovation Center of Chemical Science and Engineering (Tianjin), Tianjin, 300072, China

A solid oxide fuel cell (SOFC) is an electrochemical device which directly converts chemical energy in fuels
into electrical energy[1]. Liquid fuels are considered as promising fuels for portable applications due to their
high volumetric energy density. For small-scale portable applications, it is meaningful to directly use methanol
in SOFCs because it has low content of impurities which can poison the anode. Mo was impregnated into NiSm0.2Ce0.8O1.9 (Ni-SDC) to form Ni-Mo-SDC[2]. The addition of Mo improves the catalytic activity for
methanol pyrolysis and the resistance to carbon deposition of Ni-SDC anode. The cell shows the best cell
performance, 680 mW cm-2 at 700 oC, when the mole ratio of Mo to Ni is 0.03:1. The stability of the cell is
enhanced with the increase of the content of Mo in the anode. Furthermore, oxides of La and Sm are added into
Ni-Mo-SDC as anodes of solid oxide fuel cells with methanol as fuel. The addition of the oxides improves the
catalytic oxidation of the fuel, resulting in the decrease of anodic polarization resistance. The single cell with
LaO-Ni-Mo-SDC as the anode and SDC-carbonate composite as the electrolyte exhibits a maximum power
density of 765 mW cm-2 at 700 oC. The oxides in the anodes also improve the stability of single cells due to the
accelerated oxidation of the deposited carbon and the suppression of the deposition of carbon with a high
graphitization degree.
[1] B.C.H. Steele, A. Heinzel, Nature, 414 (2001) 245-252.
[2] P. Li, B. Yu, J. Li, X. Yao, Y. Zhao, Y. Li, J. Power Sources, 320 (2016) 251-256.
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INV-10
Semiconductor-ionic and Topological materials for energy applications
Bin Zhu1,2
1Department of Energy Technology, KTH Royal Institute of Technology, Stockholm, SE-10044, Sweden
2

Faculty of Physics and Electronic Science, Hubei University, Wuhan, Hubei 430062, P.R. China

Currently two research fields are strongly correlated from semiconductor and ionic materials (SIMs),
semiconductor physics and Ionics, which have created "Three in one" (1) electrolyte-free fuel cell technology
and science (2-6) because one SIM can integrate fuel cell all functions of anode, electrolyte and cathode. Some
SIMs have shown properties as analogs of topological insulators. Semiconductor and topological electronic
band can induce ionic conducting properties and band structure changes resulting in superionic conduction.
Strongly crosslink approaches from electrons and ions based on extensive experimental discoveries have made a
strong indication for a promising research frontier: Semiconductor-ionics (Semionics) and Topoionics. In a
brief, Semionics studies the ionic properties and transport phenomena in semiconductors, and Topoionics for
the same properties and phenomena in topological materials (TMs). It gives a new scientific thinking and idea
to a combination of SIMs and TMs based on a fact: large numbers of the TMs (insulators and semi-metals) have
been discovered to be compatible to the semiconductor-ionic devices, e.g. electrolyte (layer)-free fuel cell
(EFFC) or semiconductor-ionic fuel cells (SIFCs).
We are working on both theoretical approaches and experiments to develop and establish a new discipline on
Semionics and Topoionics for energy applications.
1. An editor news from Fuel cells: Three in one, Nat. Nanotechnol. 6, 330 doi:10.1038/nnano.2011.89.
2. B. Zhu et al, Novel fuel cell Nano Energy 19 (2016) 156.
3. Zhu et al, Schottky junction effect on high performance fuel cells based on nanocomposite materials, Adv.
Energy Mater. (2015) 1401895.
4. B. Zhu, et al, A new energy conversion technology based on nano-redox and nano-device processes. Nano
Energy, 2 (2013) 1179.
5. Zhu, B. Raza, R., Abbas G. and Singh, M. An Electrolyte-Free Fuel Cell Constructed from One Homogenous
Layer with Mixed Conductivity. Adv. Funct. Mater. 21 (2011) 2465.
6. B. Zhu, R. Raza, H. Qin, Q. Liu and L. Fan. Fuel cells based on electrolyte and non-electrolyte separators.
Energy Environ. Sci. 4 (2011) 2986.
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INV-16
Nano-structured Carbon Materials Derived from Waste Biomass and Their Applications in DSSC/AD
Systems
Sining Yun,1, 2, * Wen Fang,1 Chen Zhang,1 Xiaodong Wang,1 Xinlei Huang,1 Zhiqi Wang,1 Yangliang
Zhang,1 Yuzhi Hou,1 and Xiao Zhou
1Functional

Materials Laboratory (FML), School of Materials & Mineral Resources, Xi’an University of
Architecture and Technology, Xi’an, Shaanxi, 710055, China
2Key Laboratory of Nanomaterials and Nanotechnology of Shaanxi Province, Xi’an, Shaanxi, 710055, China
Two challenges human society faces are energy shortage and environmental pollution, and the developing the
renewable energy is a critical strategy to solve this issue. Solar energy and biomass energy as the most abundant
renewable energy resources, its development and utilization has become an important topic due to their
renewability and cleanliness in recent years. Utilizing the waste biomass resources, nanostructured biomass carbon materials with diversified morphologies have been successfully fabricated by our
group. These biomass carbon materials as counter electrode (CE) catalysts and as accelerants have been
successfully applied in dye-sensitized solar cells (DSSCs) and anaerobic digestion (AD), which results in the
remarkable improvement in catalytic activity and anaerobic fermentation performance for DSSC and AD
systems. It is expected to open a new avenue for utilizing the nano-structured biomass carbon materials in
various catalytic fields such as solar cell, fuel cell, biosensor, hydrogen generation, pollution and so on.
1. S. Yun*, et al., Prog Polym Sci., 2016, 59, 1-40.
2. S. Yun*, et al., Energy & Environ Sci., 2015, 8, 3495-3514.
3. S. Yun*, et al., Adv. Mater., 2014, 26, 6210-6237.
4. S. Yun*, et al., Adv. Energy Mater., 2013, 3, 1407-1412.
5. S. Yun*, et al., ChemSusChem, 2014, 7, 442-450.
6. S. Yun*, et al., Nanoscale, 2015, 7, 11877-11983.
7. S. Yun*, et al., J. Mater. Chem. A, 2013, 1, 1341-1348.
8. S. Yun*, et al., ChemSusChem, 2013, 6, 411-416.
9. T. Zhang, S.Yun*, et al., Journal of Power Sources, 2017, 340, 325-336.
10. X. Huang, S. Yun*, et al., Bioresource Technology, 2016, 218, 62-68.
11. Y. Liu, S. Yun*, et al., Electrochimica Acta, 2017, 242, 390-399.
12. S. Yun*, Nano Energy System, 2016, http://www.onecentralpress.com/use-oftransition-metal-compoundsin-solar-and-biomass-energy/.
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ENR-1
Catalytic studies of nanocomposites electrodes {Ni0.5 Zn0.5-x Cex & Nio.5-x Zn0.5Cex where x =
0,0.1,0.2,0.3,0.4&0.5} for natural gas fed fuel cells
Rizwan Raza, Zuhra Tayyeb
Department of Physics, COMSATS Institute of Information Technology, Lahore 54000, Pakistan
In this paper, the ceria based nanocomposites electrodes have been developed for the natural gas (CH4) based
fuel cell. These Ce-based nanocomposite electrodes (Ni0.5Zn0.5-xCex & Nio.5-x Zn0.5Cex) were synthesized by wet
chemical method for low temperature solid oxide fuel cell (LTSOFC). These nanocomposite electrodes were
characterized by different characterization techniques including X-ray diffractometer (XRD), SEM, Fourier
transform infrared spectroscopy spectra (FTIR), VU-Visible analysis. The DC conductivities in hydrogen and
air atmospheres can be measured by using two probe technique. Also, the AC Impedance spectra of were
studied in hydrogen atmosphere at 450 oC. Fuel cell performance with natural gas was obtained about 400
mW/cm2. The structural analysis of XRD (before and after testing) was showed that no phase change and
carbon deposition observed.

ENR-5
Synthesis and characterization of samarium doped nano ZnO-Ag and its application to photocatalysis
S.A. Hassanzadeh-Tabrizi*
Advanced Materials Research Center, Materials Engineering Department, Najafabad Branch, Islamic Azad
University, Najafabad, Iran
Pure and Sm-doped ZnO-Ag photocatalysts were synthesized by simple wet chemical method and samples were
calcined at different temperatures. The synthesized nanopowders were characterized by XRD, SEM, STA and
UV-Vis spectroscopy. The results revealed that the prepared samples were nanometer in size and samarium ions
successfully doped into the ZnO lattice. The effect of addition of different concentration of samarium dopant on
structural property, optical property, and photocatalytic activity of ZnO-Ag were analyzed. SEM images
showed that, layered and porous like structures were formed. Optical characterizations indicated that the
samarium doping can shift the absorption edge of ZnO to the visible range and reduce the band gap. By using
methylene blue as a model dye the photocatalytic degradation was studied and the results showed that the
samarium doped ZnO-Ag shows higher photocatalytic activity than the pure ZnO. The photocatalytic activity
of the synthesized powder was found to be dependent on concentration of Sm, duration of irradiation time,
6

amount of photocatalyst and the initial dye concentration. A possible mechanism of the photocatalytic activity
of samarium doped ZnO-Ag is suggested.

ENR-6
ZnO/SnO2 PMMA Nanocomposites for Photocatalytic Applications
N. Ćelić1, S.R. Lukić-Petrović1, T.B. Ivetić1, M. Novaković2, D.M. Petrović1
1University

of Novi Sad, Faculty of Sciences, Trg D. Obradovića 4, 21000 Novi Sad, Serbia

2University

of Novi Sad, Faculty of Technical Sciences, Trg D. Obradovića 6, 21000 Novi Sad, Serbia

Binary semiconducting oxides, like zinc oxide (ZnO) and tin oxide (SnO2) nanoparticles exhibit a large
potential for photocatalytic applications in environmental treatments, such as degradation of wastewater and
sterilization of drinking water[1]. Coupled oxide semiconductors, such as ZnO/SnO2 nanoparticles have been
proven as even more effective photocatalysts[2]. Despite their high photocatalytic efficiency, the time
consuming filtration and elimination of nanoparticles from the water after the treatment is still an open problem.
Here we report a novel method of encapsulation of ZnO/SnO2 nanoparticles in PMMA matrix and formation of
nanocomposite films with photocatalytic activity with no filtration needed. The efficiency of PMMA ZnO/SnO2
thin films with different weight fractions of nanoparticles was examined in the photocatalytic degradation of
naproxen suspended in water. Optimization of this method in terms of nanoparticle content in the polymer
matrix and the active area of the film would extend the potential of semiconducting oxide nanoparticles for
future practical large-scale applications in environment-related fields.

[1]

M.M. Khan, S.F. Adil, A. Al-Mayouf, Metal oxides as photocatalysts, J. Saudi Chem. Soc. 19 (2015)
462–464.

[2]

T.B. Ivetić, N.L. Finčur, B.F. Abramović, M. Dimitrievska, G.R. Štrbac, K.O. Čajko, B.B. Miljević,
Lj.R. Đačanin, S.R. Lukić-Petrović, Environmentally friendly photoactive heterojunction zinc tin oxide
nanoparticles, Ceram. Int. 42 (2016) 3575–3583.
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ENR-7
Ellipsometric Characterization of Ag-As-S-Se Chalcogenide Thin Films
K. Čajko1, S.R. Lukić-Petrović1, T. Wagner2, J. Prikryl2, D.M. Petrović1
University of Novi Sad, Faculty of Sciences, Trg D. Obradovića 4, 21000 Novi Sad, Serbia
2University

of Pardubice, Faculty of Chemical Technology, Legion’s sq. 565, 53210 Pardubice, Czech Republic

Large number of chalcogenide glasses shows reversible photoinduced structural transformations and
photoinduced anisotropy. These processes are linked with the changes in band gap energy (photodarkening or
photobleaching), absorption coefficient and refractive index (photorefraction). One of the most significant
potential applications of amorphous chalcogenide thin films, especially those containing silver, is in optics and
optoelectronics. They arise from their specific properties such as high indices of refraction, transparencies in the
wide wavelengths range, photosensitivity, possibility of thermal-annealing of light-induced changes and good
reproducibility in the processes of writing-deleting.
In this work we present results from the ellipsometric measurements of chalcogenide thin films from the
Agx(As40S30Se30)100-x system. Amorphous films were prepared by pulsed laser deposition (PLD), while
spectroscopic ellipsometry (SE) measurements were done using the SpecEL2000-VIA with rotating analyzer in
450–900 nm wavelength range.
The ellipsometric methods are fast, nondestructive, highly sensitive to the presence of surface inclusions and
provide high accuracy for determination of the refractive index and thickness of thin layers. Our measurements
showed that the thicknesses of the films are d ∼1.6µm. Since it is known that the Tauc-Lorentz (TL) model is
suitable to describe the optical functions of amorphous materials and interpret SE results, we analyzed our
experimental data in that way.
It was shown that thin films from the studied system possess normal dispersion, as well as that values of indices
of refraction increase with silver content in the chalcogenide matrics (for 600 nm, n = 2.88, 2.94, 3.11, 3.35 and
3.53 for films with x = 0, 0.5, 1, 2 and 3 at. % Ag), while the optical bandgap decreases (1.70 – 1.59 eV).
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ENR-8
Silicon-based Organic-inorganic Hybrid Solar Cell with High Photon-to-Electron Conversion Efficiency
Ronghua Lu, Ling Xu*, Yao Yu
National Laboratory of Solid State and Microstructures and School of Electronic Science and Engineering,
Nanjing University, 210093, P.R.China
Silicon is the most widely used material for solar cells due to its abundance, non-toxicity, reliability, and mature
fabrication process. We fabricated silicon nanoholes (SiNHS)/gold nanoparticles (AuNPS)/organic hybrid solar
cells and investigated their spectral and opto-electron conversion properties. SiNHS nanocomposite films were
fabricated by metal-assisted electroless etching (EE) method. Then, we modified the surface of the
nanocomposite films by exposing the samples in the air. After that, polymer poly(3,4ethylenedioxythiophene):poly (styrenesulfonate) (PEDOT:PSS) blended with AuNPS were spin-coated on the
surface of the SiNHS nanocomposite films as a hole-transporting layer. The external quantum efficiency (EQE)
values of the solar cells with AuNPS are higher than that of the samples without AuNPS in the spectral region
of 600–1000 nm, which were essential to achieve high performance photovoltaic cells. The power conversion
efficiency (PCE) of the solar cells incorporating AuNPS exhibited an enhancement of 27 %, compared with that
of the solar cells without AuNPS. We thought that the improved efficiency were attributed to localized surface
plasmon resonance (LSPR) triggered by gold nanoparticles in SiNHS nanocomposite films.

ENR-9
Substantial Improvement of Short Wavelength Response in n-Silion Nanowire Hybrid Solar Cells
Zhaoyun Ge, Yu Yao, Ling Xu*
National Laboratory of Solid State and Microstructures and School of Electronic Science and Engineering,
Nanjing University, 210093, P.R.China
We report herein on the effects of silicon nanowire with different morphology on the device performance of nSiNW/PEDOT:PSS hybrid solar cells. The power conversion efficiency (PCE) and external quantum efficiency
(EQE) of the SiNW/PEDOT:PSS hybrid solar cells can be optimized by varying the length of the silicon
nanowires. The optimal length of silicon nanowires is 0.23 μm, and the hybrid solar cell with the optimal length
has the Voc of 569 mV, Jsc of 30.1 mA/cm2 , and PCE of 9.3 %. We fabricated more isolated silicon nanowires
with the diluted etching solution. And the Jsc of the hybrid solar cell with more isolated nanowires has a
significant enhancement, from 30.1 to 33.2 mA/cm2 . The remarkable EQE in the wavelength region of 300 and
600 nm was also obtained, which are in excess of 80 %. Our work provides a simple method to substantially
improve the EQE of hybrid solar cell in the short wavelength region.

1). Yu P, Tsai CY, Chang JK, Lai CC, Chen PH, Lai YC, et al. 13 % efficiency hybrid organic/silicon-nanowire
heterojunction solar cell via interface engineering. ACS Nano. 2013;7(12):10780–7.
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2). Shen X, Sun B, Liu D, Lee ST. Hybrid heterojunction solar cell based on organic–inorganic silicon nanowire
array architecture. J Am Chem Soc. 2011;133(48):19408–15.
3). Chen TG, Huang BY, Chen EC, Peichen Y, Hsin-Fei M. Micro-textured conductive polymer/silicon
heterojunction photovoltaic devices with high efficiency. Appl Phys Lett. 2012;101(3):033301

ENR-10
Synthesis and Characterization of MnOx/TiO2 Nano catalyst particles
M.S. Kim1,2, E.S. Park2, H.D. Jung1,2 and Jongsoo Jurng1,2
1Green
2

School, Korea University, Seoul, 136-701, Republic of Korea.

Korea Institute of Science and Technology, Seoul, 136-791, Republic of Korea.

In this study, MnOx/TiO2 catalysts were prepared and characterized using Chemical vapor condensation (CVC)
method, used as a catalyst for the ozone (O3) catalytic oxidation and efficient energy use. The Mn-based
catalysts were impregnated on TiO2 with two different crystalline phases, TiO2 prepared with chemical vapor
condensation (CVC) method and P25-TiO2. The catalysts were characterized by specific surface area analysis
(BET), X-ray photoelectron spectroscopy (XPS), H2-Temperature Programmed Reduction (TPR).
In the chemical component and electrochemical performance analyses (such as XPS spectra and cyclic
voltametry), CVC-TiO2 has a higher quantity of Ti3+ ions, hydroxyl groups (OH), and larger current, than P25TiO2. The specific surface area of TiO2 with smaller primary particles (≤10 nm), prepared by the CVC method,
were 2–4 times larger than the catalysts prepared using P25-TiO2. The Hydroxyl group (OH) on the surface of
CVC-TiO2 was more than 42%, three times higher than commercial TiO2 (14%), which increases catalytic
activity on the catalyst surface. CVC-TiO2 has fewer acid sites than P25-TiO2, which are mostly Lewis acids.
However, in optical property analysis, CVC-TiO2 has a higher absorbance in the short UV wavelength range
than P25-TiO2. In conclusion, CVC-TiO2 exhibits stronger reducing power and oxidizing ability, and is
superior in catalytic performance at lower temperature than P25-TiO2.
[1] W. Cha, S.H. Ehrman, J. Jurng, J. Environ. Chem. Eng., 4, 556–563 (2016).
[2] W. Cha, S.H. Ehrman, J. Jurng, Chemical Engineering Journal, 304, 72–78 (2016).
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ENR-11
Surface Modification of Stainless Steel Bipolar Plates of PEMFC: the Basic Materials Design and Its
Application in Fuel Cell Vehicles
A.M. Wu1,2*, G.Q. Lin1, K.C. Han1, H. Huang1,2, C. Dong1,2
1

Key Laboratory of Materials Modification by Laser, Ion, and Electron Beams (Ministry of Education), Dalian

；

University of Technology, Dalian 116024, China
2School

of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China

The bipolar plate is the most important component and major part in the proton exchange membrane fuel cells
(PEMFC) stack manufacturing, and it contribute 60%-80% of the total components of PEMFC stack [1]. So
reducing the cost of bipolar plate is one of the key factors to lower the price of PEMFC. However, the
traditional artificial graphite bipolar plates are bulky and with high gas permeability, low impact safety and
relatively high cost. The noble metal bipolar plates, such as gold or silver, have good performance in all
respects, but they are so expensive that the high cost greatly prevents PEMFCs from commercial application.
Stainless steel (SS) bipolar plates possess good electrical conductivity, high mechanical strength, and low cost,
but poor corrosion resistance and high interfacial contact resistance (ICR). The main criteria properties that any
material must present in order to be considered apt to a bipolar plate material are well established by the United
States Department of Energy (DOE) as ICR (<20 mΩ cm2, DOE's 2020 technical targets <10 mΩ cm2) and
current densities for corrosion resistance (<1 μA cm-2) [2]. According to the criteria of DOE, SS cannot be used
as bipolar plates directly. Surface coating of SS bipolar plates by physical vapor deposition (PVD) is an
effective way to improve the ICR and the corrosion resistance of metallic bipolar plates.
This work will introduce the research and application of the surface modification technology of SS bipolar plate
for PEMFC in China. Continuous Supported by the National High-tech R&D Program (863 Program) and the
National Key Research and Development Program of China, a series of modified films on commercial SS316L
plates with different chemical compositions and structures, such as NixCry single layer, NiCr/(NiCr)N
multilayer, Cr/CrNx/Cr single and multilayer, CrNx single layer, and CrCx single layer, were carried out. The
research result showed that, coating of SS bipolar plates can improve the corrosion resistance of metallic bipolar
plates. Excellent performance of bipolar plates was recorded by using Cr0.23C0.77 coating for SS materials. The
ICR value was 2.8 mΩ cm2 with a low current density (Icorr) 0.091 μA cm-2. And the Cr0.50N0.50 coating also
shows well performance with ICR value 5.8 mΩ cm2 and Icorr value 0.59 μA cm-2. The criteria for both current
densities (<1 μA cm-2) and electrical conductivity (<10 mΩ cm2) met the DOE's 2020 technical targets. The
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PEMFC stack assembled with this Cr0.23C0.77 coated SS bipolar plate was successfully applied to the fuel cell
vehicles and used as the designated VIP car in 2010 Shanghai World Expo.
Acknowledgement
This work was supported by the National Key Research and Development Program of China (Grant
No.2016YFB0101206), and the Fundamental Research Funds for the Central Universities (DUT16LAB03) of
China.
References
[1] Zhang D, Wang Z, Huang K., Int. J Hydrogen Energy, 38, 11379-91 (2013).
[2] R. Antunes, M. Oliveira, G. Ett, and V. Ett, Int. J Hydrogen Energy, 35, 3632–3647 (2010).

ENR-12
The Atomic-scale Enhancement Mechanism of Nitrogen Vacancies Concentration Dependent Mechanical
and Electrical Properties of Rocksalt ZrNx Films
G.Q. Lin1*, K.C. Han1, A.M. Wu1, K.P. Tai2, X. Jiang2
1Key

Laboratory of Materials Modification by Laser, Ion, and Electron Beams (Ministry of Education), Dalian

University of Technology, Dalian 116024, China
2Institute

of Metals Research, Chinese Academy of Sciences, Shenyang 110016, China

For further understanding on the atomic-scale mechanism of nitrogen vacancies (VN) concentration dependent
mechanical and electrical properties of transition-metal nitride ZrN, seven groups of substoichiometric ZrN
films were synthesized on Si (100) substrates by enhanced magnetic filtering arc ion plating. The morphologies
and thickness of the as-deposited films were characterized by FESEM; the microstructures and residual stresses
were characterized by XRD; XPS and Nanoindenter were utilized to measure the chemical states and hardness
(also the elastic modulus) respectively; Hall Effect was utilized to characterize the electrical conductivity,
carrier concentration and mobility. The results revealed that the substoichiometric ZrN films (VN=26%~5%)
performed stable rocksalt structure within the large VN concentration ranges. The preferred orientation,
thickness, grain size and residual stress of the ZrN films with different VN concentrations maintained nearly
constant within the error ranges. While the nanohardness and elastic modulus first increased and then decreased
12

with the decrease in VN concentration. The electrical conductivity showed a similar tendency with the hardness,
and the peak value was obtained when VN near to 16%. The underlying enhancement mechanisms of VN
concentration dependent mechanical and electrical properties were discussed and the decisive factors were
found from the atomic-scale chemical bonding states and electronic structure in this work, rather than the
conventional meso-scale factors, such as preferred orientation, gain size and residual stress.

ENR-14
Carbon based thin film heterojunction solar cells
Pramod M Rajanna1, Alena Alekseeva1, Sergei Bereznev2, Oleg Sergeev3, Albert G Nasibulin1,4
1 Skolkovo Institute of Science and Technology, Skolkovo Innovation Center, Building 3, Moscow 143026,
Russia. 2 Tallinn University of Technology, Ehitajate tee 5, 19086 Tallinn, Estonia
3NEXT ENERGY EWE-Forschungszentrum für Energietechnologie e. V., Carl-von-Ossietzky-Straße 15, 26129
Oldenburg, Germany
4Department of Applied Physics, Aalto University, School of Science, P.O. Box 15100, FI-00076 Espoo,
Finland
Carbon based nanomaterials have made dramatic contributions to the development of solar cells due to their
advantages as in flexibility, surface area, carrier mobility, chemical stability and optoelectronic properties. This
fulfills the requirement of heterojunction based solar cells. Several studies have been reported with C-Si and
carbon nanomaterials as heterojunction solar cells with photo conversion efficiencies of about 15% [1]. But,
owing to the complexity of problems for C-Si based devices like limited availability of the Si feedstock, high
production costs and long energy payback time, an attractive alternative is hydrogenated amorphous silicon (aSi:H) which can be deposited as thin film at very low temperatures ~150 deg C with advanced deposition
techniques and process technology [2].
In this work, we demonstrate that a-Si:H and high quality pristine single-walled carbon nanotubes (SWCNTs)
can form very good SWCNT/a-Si heterojunction solar cell. The novelty of the work involved is in the very low
energy consuming process technology for fabrication of SWCNT/a-Si heterojunction with stable efficiency of
>6% and high open circuit voltage exceeding 750 mV.
Acknowledgements: This research was supported by the Ministry of Education and Science of the Russian
Federation (project identifier RFMEFI58114X0006).
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[1] N. S. Lewis, Science 2007, 315, 798.
[2] Matsui T, Sai H, Suezaki T, Matsumoto M, Saito K, Yoshida I, Kondo M. Development of highly stable and
efficient amorphous silicon based solar cells. Proc. 28th European Photovoltaic Solar Energy Conference, 2013;
2213–2217.

ENR-19
Fabrication of Molybdenum Trioxide Thin Films Using Precursors by Wet Process and Examination of
Annealing Conditions
Y. Kakinoki1and N. Ohtani1
1Department of Electronics, Doshisha University, Kyoto 610-0321, Japan.
Molybdenum trioxide (MoO3) is a wide-gap material that has been used as both the holetransporting layer and
the buffer layer of photonic and electric devices. In this research, we fabricated MoO3 thin films by a spincoating method using ammonium molybdate tetrahydrate (AMT, (NH4)6Mo7O244H2O) as a precursor because
wet process enables low-cost production. As a precursor solution, we mixed an AMT solution with pure water.
The thin films of the precursor solution were formed by a spin coating method. MoO3 thin film is made by
annealing them. We found that the characteristics of the MoO3 thin films fabricated in this study strongly
depend on the annealing conditions of the precursor solution films. Therefore, we examined the transmission
spectra, the Fourier Transform Infrared (FT-IR) spectroscopy, and the atomic force microscope (AFM) and
transmission electron microscope (TEM) observations of the thin films. We also evaluated the
electroluminescence (EL) properties of organic light-emitting diodes (OLEDs) that contain the fabricated MoO3
thin films as a hole-transporting layer. The precursor thin films became MoO3 films by annealing at more than
340℃ from the FT-IR observations. In addition, the surface roughness increased and the transmittance
decreased by annealing at more than 380℃, based on the AFM and transmission spectra observations. Thus, we
concluded that the optimum annealing temperature ranges from 340℃ to 360℃. The driving voltage of the
OLEDs containing MoO3, which was annealed at 360℃ in air, was reduced by about 44% compared to an
OLED containing a PEDOT:PSS layer as a hole-transporting layer. The power efficiency also improved by
about 2.17 times. Moreover, we found that the flatness of the MoO3 thin film surfaces improved by annealing
the AMT thin films in air after annealing them in a vacuum.
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ENR-20
Transmission Electron Microscope Observation of Al- and Ga-doped ZnO Multi-Layer Transparent
Conductive Films Fabricated by Wet Process
Y. Morita1and N. Ohtani1
1Department of Electronics, Doshisha University, Kyoto 610-0321, Japan.
Indium-tin-oxide (ITO) is the most widely used transparent conductive oxide. However, ITO is expensive
because indium is a rare metal. Very recently, we fabricated aluminium (Al) and gallium (Ga) co-doped ZnO
(AGZO) films using a spin-coating method and found that single-layer AGZO films reveal large resistances
because of large surface roughness [1]. In addition, we found that recoated multi-layer AGZO films exhibit very
small resistances due to the improved surface roughness [2]. In particular, the triple-layer AGZO films exhibit
minimum resistance. In this study, we evaluated their cross-sectional structures and atom distributions by crosssectional transmission electron microscope and energy dispersive X-ray spectroscopy (TEM-EDS) observation.
AGZO precursor solution was fabricated using a mixture of Zn(OAc)2, MEA, and 2-methoxyethanol [1, 2].
Single-layer AGZO films were found to be discontinuous because the glass substrate was unfavorably exposed.
On the other hand, we found that the double-layer AGZO films were continuous and their resistances were
reduced. The crosssectional TEM-EDS image of the quintuple AGZO film clearly shows periodic distributions
of zinc and oxygen atoms. This indicates that their distributions are not uniform. In particular, the quantity of
oxygen atoms gradually decreases from the substrate to the surface, indicating that oxygen defects increased
near the surface. This result demonstrates that the annealing condition of each recoated AGZO precursor
solution film should be controlled to fabricate uniform multi-layer AGZO films.
[1] Y. Morita, A. Emoto, and N. Ohtani, Mol. Crys. and Liq. Crys, 641, 111 (2016).
[2] Y. Morita and N. Ohtani, submitted to EM-NANO 2017.

ENR-21
Nanoporous Cathodes from Copolymers for High-Energy-Density LiS-Batteries
M. Stamm, S. Choudhury, M. Agrawal, P. Formanek, L. Ionov
Leibniz-Institut für Polymerforschung Dresden e.V., Hohe Str. 6, 01069 Dresden, Germany
The storage of energy is a challenge for the effective use of regenerative energy sources like wind and solar
energy. Efficient and high-energy-density batteries could help in this respect and at the same time make emobilty more acceptable due to more affordable batteries with higher range. Besides other concepts LiS15

batteries would provide a solution since they promise a much higher energy-density and capacity compared to
conventional Li-ion batteries. There are however still many problems to be solved and nano-structured materials
can help in this respect [1]. Copolymers can be used for the design of nanoporous cathodes which contain sulfur
in a porous conductive structure [2,3,4]. Nanoporous carbon cathodes for LiS-batteries can be produced by
pyrolysis of gyroid replicas based on polystyrene-b-poly-4-vinyl pyridine (PS-b-P4VP) block copolymer
sacrificial templates. A free standing gyroid carbon network with highly ordered and interconnected porous
structure is fabricated by impregnating the carbon precursor solution into the gyroid block copolymer
nanotemplates and subsequently carbonizing them at elevated temperature in an inert media. A wide range of
analytical tools are employed to characterize fabricated porous carbon materials. Prepared nanostructures
exhibit morphologies with high surface area and uniform porosity with interconnected three-dimensional
networks. Those nanoporous templates with gyroid structure provide high cycling stability of LiS-batteries over
more than 100 cycles [4]. Further aspects include optimization of collector, separator and electrolyte to optimize
battery performance and lifetime [5]. Funding by DFG and BMBF is greatly acknowledged.
[1] M. Stamm, Nano-structured and nano-size polymer materials: how to generate them and do we need them?
in Nano-size Polymers - Preparation, properties, applications, p. 3-15, S. Fakirov (ed.) (Springer, Berlin, 2016)
[2] M. Agrawal, S. Choudhury, K. Gruber, F. Simon, D. Fischer, V. Albrecht, M. Göbel, S.Koller, M. Stamm,
L. Ionov, Porous carbon materials for Li-S batteries based on resorcinolformaldehyde resin with inverse opal
structure, J.Power Sources 261, 363-370 (2014)
[3] M. Müller, S. Choudhury, K. Gruber, V.B. Cruz, B. Fuchsbichler, T. Jacob, S. Koller, M.Stamm, L. Ionov,
B. Beckhoff, Sulfur x-ray absorption fine structure in porous Li-S cathode films measured under argon
athmospheric conditions, Spectro. Acta B94, 22-24 (2014)
[4] S. Choudhury, M. Agrawal, P. Formanek, D. Jehnichen, D. Fischer, B. Krause, V.Albrecht, M. Stamm, L.
Ionov, Nanoporous Cathodes for High-Energy Li-S Batteries from Gyroid Block Copolymer Templates, ACS
Nano 9, 6147-6157 (2015)
[5] I. Raguzin, S. Choudhury, F. Simon, M. Stamm, L. Ionov, Effect of current collector on performance of Li-S
batteries, Advanced Materials Interfaces 4 (2017) DOI: 10.1002
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ENR-22
The importance of sequence in dual infiltrated LSCF/CGO nanostructured cathodes
T. B. Mitchell-Williams1, R. I. Tomov1, R. V. Kumar1, M. Krauz2, B. A. Glowacki1,3,4
1Department of Materials Science and Metallurgy, University of Cambridge, CB3 0FS, UK.
2Institute of Power Engineering, Ceramic Department CEREL, Boguchwała 36-040, Poland.
3Bernal Institute, Department of Physics and Energy, University of Limerick, Plassey, Ireland.
4Institute of Power Engineering, ul. Mory 8, Warsaw 02-981, Poland.
Solid oxide fuel cells (SOFCs) can convert chemical energy into electricity extremely efficiently. However,
there are three significant barriers to their widespread use: long-term stability, low temperature operation and
production cost. The typically high temperatures of operation (800 °C) lead to significant microstructure
coarsening and the requirement for expensive high temperature resistant electrical interconnects.
Reducing the operating temperature improves the longevity and allows cheaper interconnects to be used but at
the cost of unacceptably high polarisation losses. Decorating the porous electrode surface with oxide
nanoparticles has been shown as an effective method to reduce polarisation losses [1]. Oxide nanoparticles
enhance electrode performance in two ways: catalysing the oxygen reduction reaction (ORR) and geometrically
extending the triple phase boundary (TPB). The TPB is the region where atmosphere meets electronic and ionic
conductors and is the location for rate controlling electrochemical reactions. Both effects reduce the area
specific resistance (ASR) as measured by electrical impedance spectroscopy (EIS) and therefore reduce the
energy losses associated with electrode overpotentials.
Wet infiltration has been shown to be an effective method to incorporate nanoparticles [2]. A precursor solution
is infiltrated into the porous electrode and nanoparticles grow on the surface during a simple heat treatment in
air. Most lab-scale research involves laborious micro-pipetting and vacuum treatments. However, in the
reported work nanoparticle precursor solutions are deposited into porous cathodes using drop-on-demand inkjet
printing technology. This is a cost effective and scalable technique that also has advantages for reducing
material waste and improving solution penetration [3], [4].
Cobalt oxide and CGO nanoparticle decoration both reduce the ASR of SOFC cathodes. Cobalt oxide has a
higher activity for the ORR than CGO but poorer long-term stability. Hence, dual infiltration of both materials
can capture both benefits [5]. It was found that the sequence of infiltration was important to the performance
improvement and the stability of the cathodes. The current work reports EIS results for symmetric cathode cells
demonstrating improved performance and cell stability when CGO is infiltrated before cobalt oxide precursors.
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Symmetric cell EIS data are complemented by HR-SEM characterisation and large area (25 cm2) complete fuel
cell testing.
[1] T. E. Burye, J. D. Nicholas (2015) Nano-ceria pre-infiltration improves La0.6Sr0.4Co0.8Fe0.2O3-x
infiltrated Solid Oxide Fuel Cell cathode performance. J Power Sources 300:402–412. doi:
10.1016/j.jpowsour.2015.09.080
[2] Z. Jiang, C. Xia, F. Chen (2010) Nano-structured composite cathodes for intermediate-temperature solid
oxide fuel cells via an infiltration/impregnation technique. Electrochim Acta 55:3595–3605. doi:
10.1016/j.electacta.2010.02.019
[3] R.I. Tomov, M. Krauz, C. Gao, S. Hopkins, R.V. Kumar, and B.A. Glowacki (2015) Inkjet Printing and
Inkjet Infiltration of Functional Coatings for SOFCs Fabrication, Springer Proceedings in Energy
(ENEFM2015). doi: 10.1007/978-3-319-45677-5.
[4] R.I. Tomov, T. B. Mitchell-Williams, C. Gao, R. V. Kumar, B.A. Glowacki (2017) Performance
optimization of LSCF/Gd:CeO2 composite cathodes via single-step inkjet printing infiltration, Journal of
Applied Electrochemistry, in press.
[5] N. Imanishi, R. Ohno, K. Murata, A. Hirano, Y. Takeda, O. Yamamoto, K. Yamahara (2008) LSM-YSZ
Cathode with Infiltrated Cobalt Oxide and Cerium Oxide Nanoparticles. Fuel Cells vol. 9 No. 3, 215-221. doi:
10.1002/fuce.200800090

ENR-23
One-Dimensional Organo-Metal Halide Perovskite Nanorods and Nanowires: Applications to
Photovoltaic Solar Cells
N. Arad-Vosk1, N. Rosenfeld1, R. Gonzalez-Rodriguez2, J. L. Coffer2 and A. Sa'ar1,*
1Racah Institute of Physics, the Hebrew University of Jerusalem, Jerusalem 91904, Israel.
2Department of Chemistry, Texas Christian University, Fort Worth, Texas, 76129 USA.
Hybrid organo-metal halide perovskites have attracted much attention over the recent years, mainly due to the
high conversion efficiency (of sun light to electricity, exceeding 20%) achieved for these perovskite-based solar
cells. Yet, to date there are still problems and challenges that limit the exploitation of perovskites from use in
commercial applications. For example, incomplete control over morphologies, creation of defects during growth
and stability issues of perovskite thin films that suffer from degradation with time, have limited the use of these
materials. A possible route to overcome some of these difficulties is by using low-dimensional perovskite
nanostructures where size, shape and basic physical & electronic properties can be tailored and controlled.
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Here, we demonstrate the use of small-diameter porous silicon (PSi) templates for growing one-dimensional
(1D) alkyl-ammonium-lead-halide-perovskite (CH3NH3PbI3) nanorods and nanowires [1-2], and the ability to
control their size, shape, orientation and other fundamental properties. In particular, we demonstrate that 1D
perovskite nanorods can be utilized to prevent structural phase-transitions in these nanostructures and to
improve photoluminescent stability over time [2]. The exploitation of these nanostructures for developing a new
class of hybrid (porous silicon – perovskite nanowires) photovoltaic solar cells will also be described.
[1] R. Gonzalez-Rodriguez, N. Arad-Vosk, N. Rozenfeld, A. Sa’ar, and J. L. Coffer, Small, 12, 4477-4480
(2016).
[2] N. Arad-Vosk, N. Rozenfeld, R. Gonzalez-Rodriguez, J. L. Coffer and A. Sa’ar, Phys. Rev. B, 95, 085433
(2017).

ENR-24
Thin film composite layer for electrochromic devices
G. Rafigul Bari, Su Mi Park, Haekyoung Kim
Yeungnam University, Gyeungsan, Korea
Electrochromic devices (ECDs) containing electroactive materials can reversibly change their optical
absorbance and transmittance according to applied voltage, and this property is utilized in a variety of
applications such as reflective displays, antiglare mirrors, smart windows and sensors. Electrochromic devices
(EC), which dynamically change colour under applied potential, are widely studied for use in energy-efficient
smart windows. To improve the viability of smart windows, many researchers are utilizing nanomaterials,
which can provide electrochromic devices with improved coloration efficiencies, faster switching times, longer
cycle lives, and potentially reduced costs. The flexible electrochromic films are promising film for applications
in automobiles, buildings, etc. When the flexible substrate are used in EC, the barrier performances are needed
for long term stability.
Here, solution processed polymer composite materials are synthesized and characterized. The composition and
process condition exhibit the encapsulant performances. The performances as a barrier layer for flexible film
and a side encapsulant material are characterized and will be discussed.
[1] R. J. Mortimer, Annu. Rev. Mater. Res., 41, 241 (2011).
[2] V. K. Thakur, G. Ding, J. Ma, P. S. Lee and X. Lu, Adv. Mater., 24, 4071 (2012).
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ENR-25
Low energy consuming elelctrochromic devices using low temperature process
Su Mi Park, G. Rafigul Bari, Haekyoung Kim
Yeungnam University, Gyeungsan, Korea
Electrochromic devices (ECDs) containing electroactive materials can reversibly change their optical
absorbance and transmittance according to applied voltage, and this property is utilized in a variety of
applications such as reflective displays, antiglare mirrors, smart windows and sensors. Electrochromic devices
(EC), which dynamically change colour under applied potential, are widely studied for use in energy-efficient
smart windows. To improve the viability of smart windows, many researchers are utilizing nanomaterials,
which can provide electrochromic devices with improved coloration efficiencies, faster switching times, longer
cycle lives, and potentially reduced costs. The flexible electrochromic films are promising film for applications
in automobiles, buildings, etc.
Solution processed tungsten trioxide (WO3)-based electrochromic devices (ECDs) are successfully
demonstrated. The thin layers with nanostructured materials of WO3 inks were coated at room temperature,
solution-processed method. In contrast to conventional ECDs based on metal oxides, we controlled the
composition of electrolyte. We directly introduce ferrocene (Fc) as an anodic species into the electrolyte layer.
Two types of polymer based electrolytes were fabricated and characterized. The operation voltages were
controlled with electrolyte types and compositions. Ionic liquid based electrolyte showed higher ionic
conductivity than liquid type or polymer type electrolyte. Also EC with the liquid electrolyte exhibited 40% of
coloring/bleaching efficiencies and EC with the polymer gel electrolyte 60%.
[1] R. J. Mortimer, Annu. Rev. Mater. Res., 41, 241 (2011).
[2] V. K. Thakur, G. Ding, J. Ma, P. S. Lee and X. Lu, Adv. Mater., 24, 4071 (2012).
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ENR-28/29
Innovative Smart Coatings for thin Films Solar Cells PV Cells
A.M. Wojdyla-Cieslak1, A. Taylor1,2
1TWI

Ltd Great Abington CB216AL, UK.

2London

South Bank University, 108 Borough Rd, London SE10AA, UK.

The UK energy sector is facing an energy problem, to deliver secure energy supplies in an affordable manner,
all whilst reducing greenhouse gas (GHG) emissions. Therefore, in the last decade, solar PV has been rapidly
growing to fill the gap that currently exists in energy market. Nevertheless, thin film systems are still limited
due to their low operational efficiencies (≤15%). Organic down-converters have the ability to increase
efficiency with relatively low investment, whilst providing technical and commercial advantages for solar PV
systems. However, addition of down-converter layers also creates additional light interactions, resulting in
potential loss mechanisms from host material and luminescent species.
To address these challenges, we have explored the development of inorganic/organic coatings for thin film PV
systems based on organic dyes encapsulated in a silica coating. Our findings on the preparation of porous silica
nanoparticles, incorporating encapsulated organic down-converters into a resin matrix as well as the
photophysical properties of the modified coating system will be presented.
[1] W. Stober “Controlled Growth of Monodisperse Silica Spheres in the Micron Size Range”, Journal of
Colloid and Interface Science 26, 62-69 (1968)
[2] A. Taylor, G.G. Durand, M. Alvarez, N. Sid, S. Mycock, “Functionalization methods for metal oxides
particles”, GB1521301.0 (2015)
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ENR-30
Fabrication of Nanosized Nickel Powder from Nickel Sulfate(NiSO4)
J.Y. Yun1, Dong-Won Lee1, J.P. Wang3
1Korea

Institute of Materials Science, Changwon, Republic of Korea

2Pukyong

National University, Busan, 48547, Republic of Korea.

A study on the fabrication of nanosized nickel powder from nickel sulphate through reduction processing using
hydrazine(N2H4) and sodium hydroxide(NaOH). The reduction reaction is shown as following:

[Ni(N2H4)n]SO4 was formed by reaction with hydrazine and NiSO4 solution containing 6 wt.% of nickel. The
formation of [Ni(N2H4)n]SO4 was found to be affected by temperature and time. Consequently, hydroxide was
added to fabricate metallic nickel powder on the ratio of NiSO4 to NaOH with 10:1, 10:1.5 and 10:5
respectively. Finally metallic nanosized nickel powder was successfully obtained and mean particle size was
about 100 nm.

ENR-31
Oxidation of Solid Fuels in a Molten Carbonate Fuel Cell
C.-G. Lee, S.-W. Lee, D.-L. Vu, W.-K. Kim, M.-B. Song
Department of Chemical and Biological Engineering, Hanbat National University, Daejeon, Korea.
A molten carbonate fuel cell (MCFC) has been employed in the world as a distributed heat and power source. In
particular, the capacity of MCFC power plant only in Korea is about 150 MW. Against its distribution as a
power source, the economics of MCFC systems could be a problem. One of the problems is fuel cost because
the natural gas is a high grade fuel. In this work, two of solid fuels are tested in a coin type MCFC. One is the
carbon which is quite abundant in the world. Especially carbons from biomasses, e.g., bamboo and oak are
22

employed. Another fuel is ash-free coal (AFC). Four kinds of raw coal, bituminous, sub-bituminous, lignite and
anthracite are used.
The oxidation behaviours of carbon and AFC in a coin type molten carbonate fuel cell were investigated in
terms of active species, generated gases, carbonate addition effect, temperature, raw coal species, etc. In
conclusion, the carbon is oxidized chemical and electrochemical processes as follows;
C + CO32− → 2CO + O 2−
CO + CO

2−
3

(Chemical)

-

→ CO 2 + 2e (Electrochemical)

On the other hand, the AFC is gasified to H2 and CO, therefore its oxidation is different from that of carbon.
The AFC is oxidized at the low temperature of 650oC where the carbon cannot be oxidized. In addition, the
gasification of AFC does not require carbonate catalyst. The AFCs from different raw coal species showed
similar oxidation behaviours.

ENR-32
A Method for Controlling the Synthesis of Stable Twisted Two-Dimensional Conjugated Molecules

， H.B. Liu , Y. L. Li

Y.J. Li1
1

1

1

CAS Key Laboratory of Organic Solids, Beijing National Laboratory for Molecular Science (BNLMS),

Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190, P. R. China
Thermodynamic stabilization (π-electron delocalization through effective conjugation) and kinetic stabilization
(blocking the most reactive sites) are important considerations when designing stable polycyclic aromatic
hydrocarbons displaying tunable optoelectronic properties. In this paper, we demonstrate an efficient method
for preparing a series of stable two-dimensional (2D) twisted dibenzoterrylene-acenes. We investigated their
electronic structures and geometries in the ground state through various experiments assisted by calculations
using density functional theory. We found that the length of the acene had a clear effect on the photophysical,
electrochemical, and magnetic properties. These molecules exhibited tunable ground-state structures, with a
highly stable open-shell singlet tetraradical obtained for the first time. Such compounds are promising
candidates for use in nonlinear optics, field effect transistors, and organic spintronics, and may enable broader
applications of 2D small organic molecules in high-performance electronic and optical devices.
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[1] Y.J. Li, Z.Y. Jia, S.Q. Xiao, H.B. Liu and Y. L. Li, Nat. Commun., 7, 11637 (2016).
[2] Y.J. Li, T.F. Liu, H.B. Liu, M.-Z. Tian, and Y.L. Li, Acc. Chem. Res., 47, 1186 (2014).

ENR-33
Effects of Pulse Plating on Lithium Electrodeposition for Lithium ion Batteries
B.N. Choi, J.H. Yang, C.-H. Chung*
School of Chemical Engineering, Sungkyunkwan University, Suwon 16419, Republic of Korea

Lithium metal has shown great promise as an anode material for high-energy storage systems, which delivers an
ultrahigh theoretical specific capacity (3860 mA h g-1) owing to its lowest density (0.59 g cm-3) and
electrochemical potential (-3.04 V SHE) among all metallic elements. However, uncontrolled dendrite growth
not only causes serious safety problem but also produces “dead lithium” and broken solid electrolyte interfacial
(SEI) film during charge/discharge cycles, which leads to low coulombic efficiency. In this study, we have
deposited a densely lithium layer as anode electrodes on copper foils. Compared with Constant Current (CC)
electrodeposition, Pulse Plating (PP) waveforms with short and widely spaced pulses improve lithium
deposition morphology and cycling efficiency. Furthermore, we discussed the challenges and potential
opportunities of lithium metal anode for practical applications.
[1] J. Lang, L. Qi, Y. Luo and H. Wu, Energy Storage Materials, 7, 115-129 (2017).
[2] A. Pei, G. Zheng, F. Shi, Y. Li and Y. Cui, Nano Letters, 17, 1132-1139 (2017).

[3] R. Miao, J. Yang, Z.

Xu, J, Wang, Y. Nuli and L. Sun, Scientific Reports, 6, 6:21771(2016)
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ENR-34
A study on the non-aqueous symmetric redox flow battery
J.Y. Seo, B.K. Kim, T.K. Yoo, C.-H. Chung*
School of Chemical Engineering, Sungkyunkwan University, Suwon 16419, Republic of Korea
Recently, numbers of researchers are actively working on electrochemical energy storage (EES) of high-energy
density such as redox flow batteries. In this research, we conducted experiment to suggest effective solution for
representative problems of conventional redox flow batteries. In case of using vanadium as a conventional
redox material in aqueous system, water splits when the voltage increases over 1.23 V in charge-discharge
process, and it downgrades the performance of redox flow batteries. Also, general vanadium redox flow
batteries are of asymmetric system in which the oxidation number of vanadium in positive and negative site are
sequential. In this case, if the cross-over of electrolyte or irreversible reaction happens, the performance
decreases dramatically.
In order to settle this phenomenon and show excellent stability of redox flow batteries, identical redox materials
were used to form a symmetric system and reverse charge-discharge process was employed in part.
Additionally, the potential during charge-discharge process was increased by using all-organic materials, and
finally the redox mechanism of 2,3-Dimethyl-1,4-di-N-oxide quinoxaline was analyzed with in-situ and ex-situ
FT-IR.
[1] R.A. Potash, J.R. McKone, S. Conte and H.D. Abruna, J. Electochem. Soc., 163, A338 (2016).
[2] W. Duan, F.R. Brushett and X. Wei etc, J. Mater. Chem. A, 4, 5448 (2016).
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ENR-36
Study of Carbon-based hole transport material (HTM)-free perovskite solar cells
H.S. Zheng, C. H. Li, A. X. Wei, J. Liu, Y. Zhao, Z. M. Xiao
Guangdong Provincial Key Laboratory of Functional Soft Condensed Matter, School of Material and Energy,
Guangdong University of Technology, Guangzhou 510006, China

Hybrid organic/inorganic perovskite solar cells (PSCs) have recently emerged as attractive solar cell [1, 2]. A
typical PSC consists of electron transport materials, perovskite layer, hole transport materials (HTMs), and
noble metal electrode. However, the conventional organic HTMs (e.g. spiro-OMeTAD) and noble metal (Au)
are usually expensive and unstable. Carbon-based HTM-free PSCs have shown much promise for practical
applications because of their high stability and low cost [3]. However, the efficiencies of this kind of PSCs are
still relatively low. In this paper, the PSCs with structure of glass/FTO/ compact TiO2 / mesoporous TiO2
/CH3NH3PbI3 /C were prepared and its photovoltaic performance was studied.
In the PSC fabrication process, compact layers and mesoporous layers of TiO2 were prepared using dipdropping method and spin-coating, respectively. C electrode was fabricated by blade-coating. The perovskite
layers (CH3NH3PbI3) were prepared by using two-step method. The first step, PbI2 thin films were deposited by
spin coating method using 1.0 M PbI2/DMF solution. The second step, PbI2 thin films were dipped in 7mg/mL
of MAI/IPA solution for 0.5 h, 2.5 h, 3.5 h and 4.0 h, respectively. The SEM images and XRD patterns were
shown in in Figs. (a) and (b) to evaluate the morphology and structure change of perovskite layers with reaction
time. J-V characteristic curve of PSCs were shown in Fig. (c). Results indicated that the crystal size increase
gradually with reaction time, and the average grain size of CH3NH3PbI3 is the largest when reaction time is
3.5h. The most of the PbI2 is converted to CH3NH3PbI3 within the initial 0.5 h. But 3.5 h is needed to
completely convert PbI2 to CH3NH3PbI3. The perovskite solar cells prepared at reaction time of 3.5h exhibits an
optimal photovoltaic performance. The open circuit voltage is 0.881V, short-circuit current of 22.17mA/cm2,
power conversion efficiency of 6.79%, and the efficiently of the incident photons converting to the electrons
(IPCE) is close to 50% in visible range.
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Reference:
[1] M. M. Lee , J. Teuscher ,T. Miyasaka , T. N. Murakami , H. J. Snaith , Science , 338 , 643 (2012).
[2] A. Kojima , K. Teshima , Y. Shirai ,T. Miyasaka , J. Am. Chem. Soc. , 131 , 6050(2009).
[3] H. N. Chen, Z. H. Wei, H. X. He, X. L. Zheng, K.S. Wong, S. H. Yang, Adv. Energy Mater., 6,
1502087(2016).
Notes:
DMF: bis(pentane-2,4-dionato-O,O')bis(propan-2-olato)titanium, N,N-Dimethylformamide
MAI: methylammonium iodine
IPA: isopropanol

ENR-37
Synthesis of Cu2ZnSn(SxSe1-x)4 nanocrystalline thin films directly on transparent conductive glass
substrates by Solvothermal method
D. H. Chen1, M. Huang2, A.X. Wei2, Z.M. Xiao2, J. Liu2, Y. Zhao2
1School
2

of electronic and Information Engineering, Sun Yat-Sen University, Guangzhou 510275, China

School of Material and Energy, Guangdong University of Technology, Guangzhou 510006, China

Cu2ZnSn(SxSe1-x)4(CZTSSe) have been proved to be promising materials for solar cell applications due to earth
abundant elements, high absorption coefficient in the visible range and tunable band gap from 1.1 eV (CZTSe)
to 1.5 (CZTS) [1, 2]. Solvothermal synthesis method is more suitable for inexpensive mass production. To date,
there are a few reports with regard to solvothermal synthesis of CZTSSe nanocrystal, and then, the CZTSSe ink
was prepared by dispersing the nanocrystals in solvent. Nanocrystals ‘ink’ can be ‘printed’ on nearly any type
of surface to fabricate large-scale and low-cost solar cells [3, 4]. In this paper, we describe a simple
solvothermal method for direct growth of CZTSSe thin films on transparent conductive fluorine-doped tin oxide
(FTO) substrates
In the solvothermal fabrication process, precursors of hexadecyl trimethyl ammonium bromide(CTAB) , freshly
prepared sodium selenosulfate, copper (II) chloride dihydrate, tin(II) chloride dehydrate, zinc(II) chloride,
thiourea and ethanol were used. The single-step solvothermal method was proposed to grow Cu2ZnSn(SxSe1-x)4
thin films directly on FTO substrates. The composition ‘x’ was varied by changing the concentration of thiourea
and sodium selenosulphate in the precursors. The effects of composition ‘x’ on the structure, morphology,
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optical properties and growth mechanism of CZTS thin films were investigated by X-ray diffraction, Raman
spectroscopy, transmission electron microscopy, scanning electronic microscope, X-ray photoelectron
spectrometer and UV-vis spectrophotometer. The results indicated that CZTSSe thin films are in kesterite
phase, composed of a large number of uniform sphere-like particles with an average diameter of about 650nm.
By varying the S/Se ratio in the solution, the chalcogen composition of CZTSSe NCs can be well controlled
over the whole range, leading to a tunable bandgap. The growth mechanism of the CZTSSe films was
discussed.
References:
[1] M. Singh, T. R. Rana, J.H. Kim, J.Alloys Compd., 675, 370(2016).
[2] M. Pal, N.R. Mathews, F. Paraguay-Delgado, X. Mathew, Mater. Chem. Phys., 166, 201 (2015).
[3] W. Li, X.VX. Han, Y.Zhao, Y. E. Gu, S. R. Yang, T. Tanaka, J. Power Sources , 294 , 603 (2015).
[4] X. Li, X. Qian, Y. Q. Cao, Z. Y. Cao, X. J. Liu, L. Zhu, A. D. Li, W. C. Liu, D.Wu,
Mater.Lett.,150,12(2015).

ENR-38
The influence of annealing atmosphere on structure, ferroelectric and photovoltaic performance of
BiFeO3 thin films
C.L. Han, L. Luo*,J. Q. He, J.X. Wang, W. Zhang, Y.H. Wang
School of Physics and Optoelectronic Engineering, Guangdong University of Technology, Guangzhou 510006,
China
We have prepared BFO thin films on FTO substrates by sol-gel method, and they were rapidly annealed under
different atmosphere for air or N2 respectively. The influence of different annealing atmosphere on the
structure, ferroelectric and photovoltaic performance was studied. The XRD and SEM results have shown that
the BFO thin films annealed under N2 atmosphere showed a smaller grain size and well crystallinity. Low
leakage current density and P-E hysteresis were found only in the BFO film annealed in N2 atmosphere. The
ultraviolet-visible absorption spectrum of BFO thin films annealed under N2 atmosphere showed broader
wavelength range and stronger intensity, the band gap could be modulated to 2.33eV. At the same time, the
BFO thin films annealed under N2 atmosphere have greater open-circuit voltage and short-circuit current.
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Above results show that the ferroelectric and optical performances of BFO thin films have been improved
annealed under N2 atmosphere.
[1] Grinberg I, West D V, Torres M, et al. Nature 503, 509–512 (2013)
[2] D Sando, A Barthelemy and M Bibes, J. Phys.: Condens. Matter 26, 473201 (23pp) (2014)
[3] Y.B. Yuan, Z.G. Xiao, B. Yang and J.S. Huang, J. Mater. Chem. A, 2, 6027–6041 (2014).
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Although the Li capacity can be improved greatly with these different dimensionalities and morphologies, the
nature of the Li-intercalated layer does not change significantly when compared to graphite. Graphdiyne (GDY)
is a new carbon allotrope that was only synthesized recently. GDY is composed of sp2- and sp-hybridized
carbon atoms and is predicted to be the most stable of the various diacetylenic non-natural carbon allotropes.
Here, we will report the application of GDY as high efficiency lithium storage materials and elucidate the
method of lithium storage in multilayer GDY (Fig 1).[1,2] Lithium-ion batteries featuring GDY-based electrode
exhibit excellent electrochemical performance, including high specific capacities, outstanding rate
performances, and a long cycle lives. We obtained reversible capacities of up to 901 mAh/g after 400 cycles at a
current density of 100 mA/g. At an even higher current density of 2 A/g, cells incorporating GDY-based
electrodes retained a high specific capacity of 420mAh/g after 1000 cycles. We hope that designing and
preparing novel carbon-based materials with large pores will open up new approaches for the development of Li
storage materials exhibiting high capacities and excellent cycling stabilities, thereby satisfying the future
requirements of next-generation Li storage batteries.
[1]

C.S. Huang, S.L. Zhang, H.B. Liu, Y.J. Li, G.L. Cui and Y.L. Li*. Graphdiyne for high capacity and

long-life lithium storage. Nano Energy 11, 481(2015).
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S.L. Zhang, H.B. Liu, C.S. Huang*, G.L. Cui and Y.L. Li. Bulk graphdiyne powder applied for highly

efficient lithium storage. Chem. Commun., 51, 1834(2015).
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Surfactant-free Synthesis of 3D PtNi Nanosponges Wrapped with Graphene-dots and their Application
to Effective Catalysts for Oxygen Reduction Reaction
Quoc Chinh Tran, Ho-Suk Choi
Chungnam National University, 220 Gung-Dong, Yuseong-Gu, Daejeon 305-764, Republic of Korea
In this study, we first report how to synthesize 3D PtNi nanosponges without using surfactants. A 3D PtNi
nanosponge wrapped with graphene dots was synthesized at room temperature using formic acid as a reducing
agent and N-doped carbon dot as a structure-directing reagent. 3D PtNi nanosponge was formed only in the
presence of carbon dots in the reaction solution. During the reaction, the N-doped carbon dots were reduced and
exfoliated to graphene dots, which encapsulated PtNi nanocrystals. The composition of the developed
nanosponge can be easily controlled by adjusting the reaction temperature. The prepared material exhibited
excellent catalytic activity and durability for oxygen reduction reaction as compared with commercially
available Pt/C. This is due to the self-supporting structure of interconnected nanosponge and the role of the
graphene shell wrapping around the PtNi nanosponge. The proposed strategy has the potential to synthesize
other multi-metal nanocrystals with 3D nano sponge structures that are expected to provide high catalytic
performance in other electrocatalyses such as hydrogen evolution reaction and oxygen evolution reaction.

ENR-42
N-Cdot/Pd Nanosponge with Enhanced Electrocatalytic Activity for Hydrogen Evolution Reaction and
Methanol Oxidation Reaction
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N-Cdot/Pd nanosponge was effectively synthesized by using N-doped carbon dots (N-Cdot) as a structure
directing agent and L-ascobic acid as a reducing agent. The N-Cdot/Pd nanosponge electrode exhibited a low
overpotential of -55 mV at a current density of 10 mAcm-2, while providing excellent stability for hydrogen
evolution reaction in acidic conditions. In addition, the N-Cdot/Pd nanosponge electrode showed high catalytic
activity and stability for the methanol oxidation reaction in 0.1 M KOH aqueous solution containing 1 M
methanol. The high catalytic activity of the N-Cdot/Pd nanosponge is mainly due to the synergistic effect
caused by intimate contact between the Pd and the N-doped carbon dots, as well as the larger electrochemically
active surface area (ECSA) provided by the sponge structure.
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The integration of electronic components in flexible materials such as paper, textiles and plastics is identified as
a key challenge for the development of future smart applications for energy harvesting such as photovoltaics,
but also for sensors, RFID tags and wearables. In this perspective, the fast and scalable low-temperature
deposition of nanoscale metallic features is of utmost importance. This study focusses on the combination of
novel silver inks and deposition via ultrasonic spray coating (USSC) to meet the above prerequisite. The use of
different amine ligands and solvent combinations to stabilize the silver ions in solution were explored. By
evaluating properties of the ink and the deposited silver layers such as shelf-life, adhesion, sheet resistance,
roughness and composition, the optimal ink formulation and deposition temperature could be determined.
Furthermore, an in-depth analysis of the silver layers yields detailed chemical insights related to the ink
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decomposition. In the end, stable, non-toxic and spray coat compatible silver MOD (metal organic
decomposition) inks were formulated that allowed deposition of Ag thin films on plastic substrates at low
temperature (< 120 °C). This new combination of USSC with MOD inks resulted in smooth (< 20 nm RMS
roughness), semi-transparent silver layers with 15% bulk conductivity, without the need for time-consuming
post-treatments or complex rheological ink optimization as often required for inkjet printing. In addition, the
formulated inks and applied deposition technique hold promise to coat virtually any substrate (including 3D
structures) and are compatible with fast R2R processing. As a first application, the deposition of silver RIFD
tags on PET substrates was targeted.
Acknowledgements: The authors acknowledge the research foundation of Flanders (FWO) for the financial
support (Grant G041913N).
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Recently, transition-metal dichalcogenide (TMD) materials synthesized via physical/chemical procedures have
received attention owing to their potential for utilization in energy conversion and storage, catalysis, sensing,
memory devices, and other applications. Among them, MoSe2 has receive considerable attention as it has
been proved to be an excellent catalysis for applications like hydrogen evolution [1], lithium storage[2],
supercapacitor [3], and DSSCs [4]. However, MoSe2 tends to have a layered structure and can be easily
re-stacked together owing to their interlayer van der Waals attractions and high surface energy, leading to the
loss of catalytic active sites [5]. One-dimensional (1D) TMD, such as nanorod and nanotube, does not have the
problem of stacking and exhibits less dangling bond. Beside, 1D TMD are supposed to display rich physical and
chemical properties, which offers an exciting material system for exploring the fundamental science and
developing novel technologies. However, to the best of our knowledge, reliable realization of MoSe2 nanorod or
nanotube in experiment has not been reported so far. Catalytic deposition is a widely used strategy for the
control growth of 1D nanomaterials, which has boosted the numerous research of carbon nanotube in the past
two decades [6]. In this paper, for the first time, we successfully synthesize MoSe2 nanorods using TiO2
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nanoparticles as catalysis by a facile hydrothermal method. The 1D MoSe2 was characterized using SEM, TEM,
XRD and Raman spectrum. The photocatalytic properties of MoSe2 nanorods on TiO2 nanoparticles were also
discussed as to explore its potential for energy application. The synthesis of MoSe2 nanorods was described
briefly as follow. 0.004mol Se powder was dissolved in hydrazine hydrate solution (10 ml) in a flask and
unchanged under atmospheric conditions at least for one day. In a separate flask, 0.002 mol Na2MoO4 was
dispersed in 50ml distilled water. Then two kinds of solution mixed slowly at room temperature. The
commercialized TiO2 nanoparticles was screen-printed on FTO glass and placed in a 100 ml teflon liner where
the mixed precursor was added. Hydrothermal process was subsequently performed at 200°C for 10h.
Fig. 1 gives the typical SEM and TEM images of MoSe2 nanorods on TiO2 nanoparticles. MoSe2 nanorods was
randomly grown from the underneath TiO2 nanoparticles with length around several micrometres and diameter
in the range of tens of nanometers. Note that the diameter of MoSe2 nanorods is very close to the particle size of
TiO2. Additionally, MoSe2 nanorods cannot be found on bare FTO and quartz in our experiment. Such results
imply that TiO2 nanoparticles are active for the growth of MoSe2 nanorods.
The XRD pattern of the sample in Fig. 2(a) reveals typical peaks of both hexagonal MoSe2 (JCPDS: 29-0914)
and anatase TiO2 (JCPDS: 21-1272) simultaneously. The peaks of 13.0°, 33.2°, 37.9°, 48.2° and 55.3°can be
indexed to (002), (004), (100), (105) and (008) planes for MoSe2, while the peaks of 25.5°, 37.9°, 48.2°, 54.2°,
55.3° and 62.8° can be assigned to (101), (004), (200), (105), (211) and (204) planes for TiO2, standing as
evidence of the formation of the MoSe2 and TiO2 composite. The Raman spectrum of the sample in Fig. 2(b)
indicates the existence of both MoSe2 and TiO2. Beside the characteristic Raman peak for TiO2, the A1g and E 21 g
Raman modes of MoSe2 were observed at 238 and 288 cm-1. The Raman peak of TiO2 at 144 cm-1 shifted to a
larger value after the growth of MoSe2 nanorods, which might results from the increased size of the TiO2
particles during the hydrothermal process.
The great amount of MoSe2 nanorods grown on TiO2 nanoparticles actually constructs a kind of 0D/1D
heterogeneous structure. The calculated Femi level of bare TiO2 when compared to the vacuum one is lower
than that of MoSe2 [7]. So that an effective electron migration can be generated from TiO2 to MoSe2 at the
interface of the MoSe2/TiO2, prolonging the lifetime of massive photogenerated carriers from irradiating TiO2
and thus decreasing the recombination rate of photoinduced carriers. Prolonged lifetime of MoSe2/TiO2
heterogeneous structure can be adequately involved in photocatalysis.
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As to exploxe the photocatalysis activity of MoSe2/TiO2 heterogeneous structure, the fabricated samples were
used as photoanode for dye-sensitized solar cells (DSSCs). The J-V characteristics of the DSSCs were measured
and analyzied.
[1] C. Xu, S. Peng, C. Tan, H. Ang, H. Tan, H. Zhang and Q. Yan, J. Mater. Chem. A. 16, 5597-5601 (2014).
[2] Y. Shi, C. Hua, B. Li, X. Fang, C. Yao, Y. Zhang, Y. Hu, Z. Wang, L. Chen and D.Y. Zhao, Adv. Funct.
Mater. 14, 1832-1838 (2012).
[3] K. Huang, J. Zhang and Y. Fan, Mater. Lett., 152, 244-247 (2015).
[4] L.T.L. Lee, J. He, B. Wang, Y. Ma, K.Y. Wong, Q. Li, X. Xiao, T. Chen, Sci. Rep., 4, 795-798 (2014).
[5] K. Chang, W. Chen, L. Ma, H. Li, H. Li, F. Huang, Z. Xu, Q. Zhang and J. Lee, J. Mater. Chem., 21, 6251
(2011).
[6] X.D. Duan, C. Wang, A.L. Pan, R.Q. Yu and X.F. Duan, Chem. Soc. Rev., 44, 8859 (2015).
[7] X. Lei, K. Yu, Z. Tang and Z.Q. Zhu, J. Appl. Phys., 121, 044303 (2017).
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The development of coupled photoactive materials (metal/semiconductor) has resulted in significant
advancements in heterogeneous visible light photocatalysis. This work reports the novel biogenic synthesis of
visible light active Ag-decorated zinc oxide–carbon (ZnO@C) core–shell nanoparticles for photocatalysis using
an electrochemically active biofilm (EAB). ZnO@C core–shell nanoparticles were synthesized using a facile
and single-step method, which involved the thermal degradation of a zinc aniline nitrate complex in
methanol. The results showed that the EAB functioned as a biogenic reducing tool for the reduction of Ag+,
thereby eliminating the need for conventional reducing agents. The as-prepared Ag−ZnO@C nanocomposite
was characterized by X-ray diffraction, transmission electron microscopy, diffuse reflectance spectroscopy,
photoluminescence spectroscopy, and X-ray photoelectron spectroscopy. The photocatalytic experiments
showed that the Ag−ZnO@C nanocomposite possessed excellent visible light photocatalytic activity for the
degradation of rhodamine B The enhanced visible light degradation of rhodamine B by Ag-decorated ZnO@C
nanocomposite was much higher than that by pure ZnO and ZnO@C. The enhanced photocatalytic activity was
attributed to the delayed charge recombination due to the Ag- and nano-coating of carbon on ZnO along with
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the presence of oxygen vacancies. The Ag-ZnO@C nanocomposite also showed exceptionally high stability and
reusability could be exploited as potential candidate for visible light photocatalysis.
[1] S.Y. Sawant and M.H. Cho, RSC Adv., 6, 70644 (2016)
[2] S.A. Ansari and M.H. Cho, J. Phys. Chem. C, 117, 27023 (2013)

ENR-48
Annealing Effect on The Spin Coated CZTS Thin Films
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As an alternative to CuInxGa1-xSe2 (CIGS) photovoltaic absorber thin films, elimination of undesirable phases in
copper zinc tin sulfide (Cu2ZnSnS4, CZTS) thin film structures is not easy. Therefore, the preparation of CZTS
single crystal thin films depends on the complete elimination of these undesired phases which act as a crystal
defects in the structure. Many studies using the sol-gel method show that the most important factors in
overcoming this crystal defects in the thin films are the heat treatment.[1-6] However, there are no detailed
studies covering temperature, time and atmosphere concentrations. The stoichiometry analysis through such a
study will give valuable information about the quality of crystallinity due to the annealing. In this work, we
aimed to investigate the relationship between annealing parameters and thin film crystallinity. The CZTS layers
were spin coated on soda lime glass substrates with optimal deposition parameters. CuCl2, SnCl2, ZnCl2 and
thiourea metal salt precursor chemicals were dissolved in 2-metho and MEA mixture. The ratio of the Cu, Sn,
Zn and thiourea in solutions was fixed at 2:1:1:8. In order to be able to compare the effects of the annealing
time, temperature and atmosphere, samples were annealed for different period of times and temperature in air,
N2 and combination of N2 with powdered S vapor.
[1]-2011- M. Jiang, Y. Li, R. Dhakal, P. Thapaliya, M. Mastro, J. D. Caldwell, F. Kub and X. Yan, J. Photon.
Energy, 1(1), 019501 (2011).
[2] K. D. Zhang, Z. R. Tian, J. B. Wang, B. Li, X. L. Zhong, D. Y. Guo and S. M. He, JSST (2014).
[3] B. L. Guo, Y. H. Chen, X. J. Liu, W. C. Liu and A. D. Li, AIP Advances, 4, 097115 (2014).

35

[4] V. Tunuguntla, W-C. Chen, P-H. Shih, I. Shown, Y-R. Lin, J-S. Hwang, C-H. Lee, L-C. Chen and K-H.
Chen, J. Mater. Chem. A, 3, 15324-15330 (2015).
[5] M-Y. Yeh, P-H. Lei, S-H. Lin and C-D. Yang, Materials, 9(7), 526 (2016).
[6] J. H. N. Tchognia, Y. Arba, B. Hartiti, A. Ridah, J-M. Ndjaka and P. Thevenin, Opt. Quant. Electron. 48,
134 (2016).
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Due to the intensive use of organic optoelectronic elements with sandwich constructions in laser modulators,
liquid crystal (LC) display and biomedical instruments the technology becomes the relevant question of the
design optimization and interface conditions modification. The advantages are the followings: reduces of the
bias voltage, decreasing the number of functional layers and other thin-film conductive contacts at the interface:
solid-state substrate-liquid crystal mesophase. In this case the problem connected with the study of the relief
formation mechanism on the surface of different materials during their structuring by carbon nano-objects,
mainly carbon nanotubes (CNT), is quite timely.
Based on our previous results [1-3] and current study the laser-deposited ITO conducting coatings have been
modified with vertically oriented CNTs and treated with the surface electromagnetic waves using CO2-laser.
This procedure permits to produce the transparent conducting structures with good mechanical and laser
strength, high wetting angle and decreased value of the bias voltage. In addition, it creates a non-toxic orienting
surface topography for liquid crustal cells and can be useful under the conditions to work with biological
objects, such as red blood cells and DNA.
Moreover, the modification of the volumetric nematic LC mesophase by the lanthanides nanoparticles permits
to obtain the LC materials with the quasi-smectic transition via simple procedure to develop the intermolecular
charge transfer complex formation.
Results of our work were also partially supported by Russian Foundation for Basic Research, grant No.13-0300044 as well as by FP7 Marie Curie International researchers exchange proposal “BIOMOLEC” (2011-2015).
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Polytetrafluoroethylene (PTFE) and active metal are a new kind of energetic materials, which react to release
high energy. At present, the tungsten, PTFE and aluminum are widely used in energetic materials and reaction
fragment. However, the alumina has a high melting point, which hinders the reaction of PTFE and aluminum. In
order to solve the problem of insufficient W-Al-PTFE reaction, we study the interfacial treatment of active
materials. We use PTFE instead of alumina to form a core-shell structure of PTFE and aluminum. The PTFE
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shell not only prevents nano-Al oxide, but enhances the reaction kinetics as well, greatly improving the fuel
reactivity. So this core–shell nanostructure makes the reaction more fully and more energy than that of ordinary
physically mixed W/Al/PTFE. We use PTFE coated aluminum without the oxide layer, which can product
PTFE shells with only a few nanometers in thickness. This method may provide a general approach to the
preparation of other high-energy fuel. Furthermore, we investigate the reaction energy, mechanical behavior and
impact insensitivity of core–shell Al–PTFE /W composites.
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Single-walled titania nanotube powder is prepared using 0.1 M HClO4 electrolyte at 20 V by a rapid breakdown
anodization (RBA) method. The as-prepared nanotubes are calcined at 250-550 oC to study the effect of
annealing on the morphology and structure of the nanotubes. The as-prepared nanotubes displayed the highest
specific surface area and 80 % reduction in the specific surface area is observed upon calcination. The 52 %
decrease in the specific surface area is obtained at 350 oC due to the nanotubes diffusing into nanorods. The
nanotubes and nanorods have anatase crystal structure until 450 oC, while nanorods start to transform into rutile
phase at 550 oC. The bandgap energy of observed as-prepared titania nanotubes is 3.18 eV and it reduces upon
calcination. The photocatalytic efficiency of the powders was evaluated under UV light by decolorization of
both anionic and cationic organic dyes, i.e. methyl orange (MO) and rhodamine B (RhB), as model pollutants.
The nanorods calcined at 350 °C displayed a higher decolorization efficiency for MO compared to the asprepared nanotubes. However, both the as-prepared nanotubes and the nanorods calcined at 350 °C displayed
similar decolorization of RhB.
[1] S. Ali and S.-P. Hannula, J. Solid State Chem., 249, 189-198 (2017).
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(2016).
[3] R. Hahn, M. Stark, M.S. Killian and P. Schmuki, Catal. Sci. Technol., 3, 1765, (2013)
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Electrocatalytic oxidation of hydrazine was investigated on CoIrx/γ-Al2O3 modified glassy carbon electrode
(GCE) using cyclic voltammetry. The prepared catalysts were characterized using AAS, XRD, N2
physisorption, TPR, TPO, and SEM equipped with EDX which showed the formation of Co-Ir nanoalloy
particles well dispersed on γ-Al2O3 support. All catalysts showed activity for oxidation of hydrazine owing to
synergistic effect of Co-Ir nanoparticles. Moreover, the optimum composition of CoIr0.081/γ-Al2O3 exhibited an
excellent electrocatalytic activity towards hydrazine oxidation with anodic peak current of 47.2 µA at active
potential of 0.86 V. The aim of present work was optimal loading of CoIrx over γ-Al2O3 in electrode fabrication
for hydrazine electrolysis.
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In energy technology new materials and structures are taken in use and thin films and nanomaterials will play an
important role. Nanomaterials may offer innovative solutions for all renewable energy technologies from energy
conversion to energy storage and usage. In preparation of thin films of nanomaterials and nanostructures
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Atomic Layer Deposition (ALD) can be beneficial since ALD as a layer-by-layer thin film deposition technique
is known to enable deposition of conformal and homogeneous films which follow precisely the shape of the
substrate [1]. ALD has several superior characteristics, most notably conformality, uniformity over large
substrates and batches, accurate thickness and composition control, and low defect densities. But ALD has also
a weakness in being slow technique in terms of film thickness deposited per time unit. Batch processing and
spatial ALD (roll-to-roll) [2] help in compensating for the low growth rate by increasing the surface area coated
and hence film volume produced in a single tool, but still ALD has difficulties in competing cost-wise with
other methods. Therefore ALD research is focused on applications where there are no competing techniques or
they are facing major difficulties in meeting the requirements on film quality. Most often this means strongly
three-dimensionally structured devices (porous substrates, nanotubes, nanowires etc.) with high aspect-ratio
features that are challenging to be coated conformally.
Since late 1990’s materials for microelectronics have formed the most important application area for ALD.
New emerging areas such as optics, energy technology, and different barriers and coatings have developed
within the time [3]. The utilization of the ALD method in energy technology materials has already been widely
studied but real applications are still sparse. In this presentation the ALD literature concerning materials for
energy conversion (solar cells, thermoelectrics), energy storage (Li-ion batteries, supercapacitors) and use of
energy (fuel cells) are briefly discussed.
[1] M. Leskelä, M. Ritala, Angew. Chem. Int. Ed. 2003, 42, 5548.
[2] D.H. Levy, D. Freeman, S.F. Nelson, et al. Appl. Phys. Lett. 2008, 92, 192101.
[3] M. Ritala, J. Niinistö, Electrochem. Soc. Trans. 2009, 25, 641.
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Silicon-based ceramics such as SiC/SiCf composites and silicon carbide (SiC) are of interest as candidate
materials for the hot-section components of new-generation gas turbines in order to meet future higher fuel
efficiency and lower emission goals for engines because of their excellent high-temperature mechanical
properties (e.g., retention of high-temperature strength and toughness up to 1400°C) [1,2]. However, since it is
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prone to hot-corrosion in thermally extreme environments (ex, steam), the development of environmental
barrier coatings (EBCs) is mandatory. In the present work, Y2SiO5 EBCs have been deposited by plasma spray
technique as protection layer of SiC substrate from oxidation and steam corrosion. Y2SiO5 coatings were
exposed at 1400°C for 1~50hr by isothermal heat treatment in the presence of an erosive impurity of calciummagnesium-aluminosilicate (CMAS). At the interface between the Y2SiO5 coatings and CMAS, the coatings
were partially dissolved in the CMAS, resulting in the degradation of coatings by the formation of the reacted
region. The chemically reacted region from the top surface of the Y2SiO5 coatings showed increasing tendency
with an increase in isothermal heat-treatment time. In addition, the hardness and elastic modulus of Y2SiO5
coatings were evaluated by nano indentation.
[1] B.K. Jang, F.J. Feng, K.Suzuta, H. Tanaka, Y. Matsushita, K.S.Lee, S.W. Kim, Y.S. Oh and H.T. Kim,
Ceram.Intl., 43, 1880 (2017).
[2] B.K. Jang, F.J. Feng, K.S. Lee, E. Garcia, A. Nistal, N.Nagashima, S.W. Kim, Y.S. Oh and H.T. Kim, Sur.
Coat. Tech., 308, 24 (2016).
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Hydrogen production by photocatalysis on high photosensitive catalysts has been studied under UV and visible
light irradiation [1]. In particular, visible light sensitive photocatalysts for hydrogen generation from water have
attracted considerable attention [2]. In addition, light sources are as important as the photocatalysts in a
photochemical reaction. Although a range of light sources have been employed in photocatalysis, few studies
have examined photocatalysis for hydrogen generation using liquid phase plasma (LPP) by irradiation into
water directly. This study examined the hydrogen evolution by water photocatalysis using LPP on metal-loaded
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TiO2 photocatalysts. The photocatalysts were supported on carbon nanofiber (CNF) support. The photocatalytic
activities of the photocatalysts were estimated for hydrogen production from water. The rates of hydrogen
evolution by LPP irradiation was compared with those of UV light irradiation on the same photocatalysts.
Effect of sacrificial reagent added into water was also evaluated in the photocatalysis for hydrogen evolution.
Photocatalytic activity was improved significantly by LPP irradiation with metal loading on the TiO2. The TiO2
nanocrystallites prepared by sol-gel method were incorporated above 40 wt% on CNF support. The CNF acted
as an efficient photocatalytic support for the fixation of TiO2. Hydrogen evolution was enhanced with metal
incorporation onr the TiO2 supported onto the CNF support. The rate of hydrogen evolution on the
photocatalysis using the LPP was significantly higher than the rate obtained from UV light-driven hydrogen
generation.
[1] A. Kudo, Y. Miseki, Chem. Soc. Rev. 38 (2009) 253.
[2] Z. Jiefang, Z. Michael, Curr. Opin. Colloid Interface Sci. 14 (2009) 260.
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Several applications related to energy harvesting (e.g. photovoltaics) or energy efficient lighting (EL, OLEDs,
…) strongly rely on effective transparent electrodes. Recently, metal nanowire networks are put forward as a
promising concept for replacing transparent conducting oxides, such as Indium Tin Oxide (ITO). In such
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networks, the nanowires conduct charge carriers, while the open areas allow the transmission of light. Metal
nanowires are both printable and achieve a performance equivalent to ITO upon thermal processing at moderate
temperatures below 150°C, making them ideal for printing (flexible) transparent electrodes on plastic substrates.
Various formulations containing Ag NWs were prepared and their rheological behavior was assessed in view of
screen printing on PET. The opto-electrical properties of the printed features are characterized by a Van der
Pauw method and UV-Vis spectroscopy and analyzed by a semi-empirical model, relating the transparency and
conductivity of the electrodes. Depending on the concentration and dimensions of the nanowires, the features
have

a

transparency

ranging

from

50%

up

to

90%

and

a

sheet

resistance

down

to

20 Ohm/sq, fulfilling the requirements for a wide range of optoelectronic devices.
This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 641864.
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Controlled nuclear fusion is a new way to produce ideal energy utilising hydrogen isotopes as fuel, where
deuterium and tritium undergo a nuclear reaction at extremely high temperatures to form helium and a neutron.
A growing interest in hydrogen permeation barriers is driven by approaches aimed at reducing hydrogen
embrittlement on structural materials as well as radiological isotope leakage induced hazards during the service
of fusion reactor. Cr2O3 is one of the potential surface coatings to improve the hydrogen resistance of stainless
steel substrates, but so far the irradiation effect of high energy particles as well as the helium created by
radioactive decay on the hydrogen permeation properties are far from clear. Herein, nanoscale Cr2O3 passive
film formed on electroplated chromium coating and then oxidized by oxygen-poor plasma was used to
investigate the influence of irradiated helium on the hydrogen permeation behaviors. Passive films have been
irradiated with 300 keV helium ions at the fluence of 1×1016 ions·cm-2 prior to exposure of hydrogen at 500oC.
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The interactions between the embedded helium and hydrogen were analyzed by comprehensive surface
analyses. The depth of ion implantation has been simulated by SRIM, microstructural evolution of these
irradiated passive films has been estimated by using the non-destructive conductive atomic force microscopy,
the chemical states and defect characteristics of sample were measured by X-ray photoelectron spectroscopy
and electrochemical impedance spectroscopy. Measurements indicate that He bubbles are formed in the
destroyed passive film and lead to enhanced diffusion of hydrogen of the sample surface.

ENR-62
Hydrogen efficient sensor based on Schottky barrier diode of the point contact between PdxO decorated
TiO2 nanotube arrays
X. Liu, Y.H. Ling*, W.B. Gao, Z.J. Zhang
Laboratory of Advanced Materials, Tsinghua University, Beijing, 100084, P. R. China
To enhance the detection sensitivity towards hydrogen, a novel point contact TiO2 nanotube decorated with
PdxO Schottky barrier diode (SBD) was proposed and investigated in this paper. TiO2 nanotube arrays were
fabricated on Ti wires by electrochemical anodic oxidation, and Pd catalytic nanoparticles were modified by
micro-emulsion electrochemical deposition. The surface morphology was characterized by field emission
scanning electron microscopy (FESEM), and the hydrogen sensitivity of the point contact between TiO2
nanotubes was investigated. It exhibited high sensitivity under working temperature of 70oC, and the sensitivity
of SBD to 2000ppm hydrogen was about 8500. Impedance spectroscopy, the current–voltage (I-V)
characteristic measurement and infrared spectroscopy were also employed for further mechanism investigation.
From the I-V curves, we found the Schottky barrier was formed on the contact and the barrier height decreased
with increase of hydrogen. The sensing processes of the charge transfer were unveiled according to the different
time constants and that mechanism was in reasonable support of IR surface analysis. This information may
provide some insight on the understanding of the device physics of this new emerging nanotube array based
SBD which will have broaden application in hydrogen energy and related security system.
[1]
[2]

D. Gong, C. A.Grimes and O. K.Varghese, J. Mater. Res., 16, 3331 (2001)
O. K. Varghese, D. Gong, M. Paulose, K.G.Ong, E. C.Dickey and C.A. Grimes, Adv. Mater., 15, 624
(2003)
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Supercapacitor are very attractive as a potential energy storage system because of their high energy density,
quick charge−discharge rate, low cost, and maintenance-free long life operation. Carbon materials with high
specific surface area, such as activated carbon, activated carbon fiber cloth, and carbon aerogels/foams are
usually used as electrode materials of electrochemical capacitors [1]. Most commercial grade activated carbons
are derived from naturally occurring carbonaceous materials such as coal, wood and coconut shell. However,
the large amount of mineral species contained in these naturally occurring carbon precursors generally affects
the properties and thus the performance of the resulting carbon in various applications [2]. Polymeric precursor
have structural features similar to those in coal, but contain much fewer mineral impurities, which can be
controlled to very low levels during their synthesis. Because of the low content of the retained ash, which has a
negligible porosity, the specific porosity of the carbon prepared from the resins is expected to be high.
In this study, activated carbons (ACs) were prepared for supercapacitor electrode applications by using crosslinked LDPE under various activation conditions. The cross-linked LDPE was prepared by using sulfuric acid
cross-liked method. From the results, it was found that specific surface area and pore volumes were enhanced
with increasing activation time. It was also observed that various pore size distribution were found to be
depended on the functions of activation time. The ACs were applied as an electrode for EDLCs and analyzed in
relation to the activation conditions.
[1] H.M. Lee, K.H An and B.J. Kim, 15, 146 (2014).
[2] H.M. Lee, H.G. Kim, K.H An and B.J Kim, 15, 8797 (2015).
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Ceramic powder in form of aluminum nitride (AlN) was employed to improve the thermal properties of paraffin,
known as one of the most significant materials for thermal energy storage. This was attempted considering the
superior thermal properties and chemical inertness of AlN. Reinforcing powder was carefully mixed with
paraffin in a controlled environment to ensure the well-dispersed AlN particles within the phase change matrix.
Results of thermal characterization of the final composite phase change material (PCM) are presented in this
study. Differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA) were performed to
thoroughly portray the thermophysical changes of the fabricated composite PCM as a function of temperature.
Thermal conductivity measurement was also carried out to further characterize the material. Findings reveal an
increase in thermal conductivity and specific heat capacity of pure paraffin.
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Effect of H2O Activation on the Electrochemical Performance of Pitch-based Activated Carbon Fibers
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Electrochemical capacitors are very attractive as a potential energy storage system because of their high energy
density, quick charge−discharge rate, and maintenance-free long life operation [1]. Carbon materials with high
specific surface area, such as activated carbons, activated carbon fibers, and carbon aerogels/foams are usually
used as electrode materials of electrochemical capacitors. Activated carbonfibers (ACFs) are a microporous
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carbonaceous adsorbent developed from organic precursors either by physical or chemical activation [2]. The
advantages of ACFs are smaller fiber diameter, more concentrated pore size distribution, and excellent
adsorption capacity at low concentrations, in comparison with conventional activated granular or powdered
carbons.
The present study developed electrode materials for supercapacitors by pitch-based ACFs with H2O. For the
activation reaction, after setting the temperature at 900℃, four types of activated carbons were produced, over
an activation time of 0-40 minutes and with an interval of 10 minutes as the unit. The surface and structural
characteristics of ACFs were observed by scanning electron microscopy (SEM) and X-ray diffraction (XRD),
respectively. Pore characteristics were investigated by N2/77K adsorption isotherms. Specific surface area of the
ACFs were increased up to 2790 m2/g and the ACFs were found to be mainly composed of mesoporous
structures.
[1]

H.M. Lee, K.H An and B.J. Kim, 15, 146 (2014).

[2]

J. Baek, H.M Lee, J.S Roh, H.S Lee, H.S Kang and B.J. Kim, Microporous Mesoporous Mater., 219,

258 (2016).
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Sm3+, Pr3+ and Nd3+ Triple-Doped Ceria Applied for Low Temperature Solid Oxide Fuel Cells
Y.Y. Liu1
1Department
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Co-doped ceria have the great potential to perform on low temperature solid oxide fuel cell (LT- SOFC)
applications [1-3]. Wet chemical method was employed here to prepare the Sm3+, Pr3+ and Nd3+ triple-doped
ceria. Samarium doped ceria (SDC) was synthesized firstly and then the Pr3+/Nd3+ ions as secondary doping
elements were loaded on SDC skeleton. The structural analysis indicated that the Pr3+ and Nd3+ ions mainly
behave ionic doping effect when the secondary doping contents of Pr3+ and Nd3+ ions are bellow 1.8 mol%.
Impurity phases, e.g. PrNdO1.5, can be detected, when the doping contents of Pr3+ and Nd3+ ions are above a
certain content, e.g. 4.0 mol%. Among the Pr3+ and Nd3+ modified SDC samples, the 1.8 mol% PrNd doped
SDC (1.8PrNd-SDC) exhibited so far the highest conductivity, 0.125 S/cm at 600 oC. The fuel cell devices were
fabricated using the as-prepared PrNd-doped SDC samples as the electrolyte layer and NCAL pasted on nickel
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foam was attached on the both sides of the devices. Such fuel cell devices have delivered a maximum output
power density 710 mW/cm2 at 550 oC for 1.8PrNd-SDC electrolyte. The mechanisms for such great
performances were studied related to the ion transport, the formation of schottky junction and electrocatalyst. It
demonstrates that the Sm3+, Pr3+ and Nd3+ doped-ceria materials have a great potential for advanced LT-SOFC
applications.
[1]

A.S. Babu, R. Bauri and G.S. Reddy. Electrochim. Acta, 209, 541 (2016).

[2]

A. Maheshwari and H.D. Wiemhöfer. Acta Mater., 103, 361 (2016).

[3]

S. Kobi, N. Jaiswal, D. Kumar and O. Parkash. J. Alloy Compd., 658, 513 (2016).
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Enhanced Adhesion Strength of Polymer on Inverse-Opal based Metal
S. J. Kim, H. W. Choi, C. E. Park, Y. Hang, C. R. Cho*
Department of Nanoenergy Engineering and Department of Nano Fusion Technology, Pusan National
University, Busan 46241, South Korea
The use of polymer on metal is increasing by the needs of high strength and light weight of device and material.
The bonding strength between metal and polymer is important not only material application but also product
shielding. We developed method to form the inverse-opal structure on metal surface to increase the adhesion
power with polymer. The inverse-opal structure was formed through four step process; i) surface modification
of metal surface by using plasma treatment with reactive gas, ii) formation of opal structure with monolayer or
double layers using polystyrene (PS) sphere with ~1 µm diameter, iii) Ni electroplating by the control of
deposition time, and iv) Formation of inverse-opal structure by removing of PS spheres. Plasms treatment with
Ar/O2, Ar/N2, Ar/H2 gases was performed to modify chemical environment of metal surface. The surface
property of metal was changed more hydrophilic after plasma treatment with Ar/O2. The change of surface
chemical states and morphologies of the metal surface was measured by x-ray photoelectron spectroscopy and
electron microscopy. The adhesion power according to PS coating layer and Ni electroplating time was
investigated. The adhesion power of the untreated and chemical treated samples after bonding with polymer was
compared through tensile strength test. For the inverse-opal structure formed on metal surface, their adhesion
power showed highest value and reached to 25~30 MPa.
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This research is supported by "The Project of Conversion by the Past R&D Results "through the Ministry of
Trade, Industry and Energy (MOTIE) (N0002136)
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Synthesis of MoS2/TiNb2O7 Nanostructures and Their Electrochemical Performance for Li-Ion Battery
anodes
D. Pham-Cong, S. J. Kim, H. W. Choi, C. E. Park, Y. Hang, C. R. Cho*
Department of Nanoenergy Engineering and Department of Nano Fusion Technology, Pusan National
University, Busan 46241, South Korea
Recently, several research groups have assembled MoS2 on various inactive one-dimensional conducting
matrices such as carbon nanotubes, mesoporous CMK-3, carbon nanofibers, and carbon fiber cloth as anode
materials for the reversible storage of Li+. These structures are known to exhibit additional advantages of
outstanding electric conductivity, high charge mobility, and large specific surface area. However, all of the
discussed approaches have not yet been successful in satisfying various requirements for next-generation LIB
applications. Here, we rationally designed and synthesized TNO@MS HRs composed of two-dimensional
MoS2 nanosheets grown around one-dimensional TiNb2O7 nanofiber cores with a robust MS/TNO interface
using simple and cost-competitive electrospinning/hydrothermal processes. We examined the synergetic
advantages of TNO@MS HRs based on the strucural properties. The TNO@MS HR exhibited synergistic
performance including high capacity, excellent rate capability, and outstanding cycling stability. We anticipate
that this hierarchical nanostructure can be applied in high-power LIBs, supercapacitors, and various catalysts.
This research is supported by "The Project of Conversion by the Past R&D Results "through the Ministry of
Trade, Industry and Energy (MOTIE) (N0002136) and a research program (Grant No. NRF2015R1D1A3A01018611) through the Ministry of Education of the Korean government.
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More and more people believe that lower operating temperature below 600oC becomes a necessary condition to
achieve the commercialization of solid oxide fuel cell (SOFC). The lower conductivity of the state of the art
electrolyte at low temperature is an obstacle to the low temperature SOFCs. Gadolinia-doped ceria (GDC) is a
kind of electrolyte material with relatively high conductivity at low temperature (0.019 S/cm at 500oC), which
still cannot meet the needs of LTSOFC

[1]

. In recent years, it has been reported that a kind of composite

electrolyte mixed with some carbonates in GDC and without high temperature densification can exhibit
unusually high conductivity [2]. Greatly increased ionic conductivity in GDC electrolyte without high
temperature sintering was considered to own to an interfacial conduction

[2].

However, there is still no

systematic comparative study on the oxygen ion conduction mechanism of two different microstructures of
GDC electrolyte, which are the GDC electrolyte densified by high temperature sintering and GDC electrolyte
without high temperature densification. In this study, electrolyte-supported SOFC with two different GDC
electrolyte microstructures will be performed in H2. The ionic conduction mechanism of GDC with different
microstructures will be investigated with the same SOFC structure and the same electrode. Specific content will
be reported at the meeting.
[1] R.O. Fuentes, R.T. Baker, J. Power Sources 186, 268 (2009).
[2] B. Zhu, S. Li, B.E. Mellander, Electrochem. Commun., 10, 302 (2008).
The authors thank the National Natural Science Foundation of China (No. 51302033), the Fundamental
Research Funds for the Central Universities (No. N140204005), the Natural Science Foundation of Liaoning
Province (No. 2015020637)
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Nitrogen functionalized carbon nanotubes are an interesting option for electrochemical applications due to their
good electrical conductive and active sites origin from nitrogen functionalization. The catalyst material is
abundantly available in earth giving it a cutting edge over noble metal catalysts. Previous measurements [1]
have shown the catalyst to be active for oxygen reduction reaction but now it have been verified to be efficient
catalyst also for hydrogen evolution reaction.
Activity of the catalyst have been measured both in electrochemical cell as well as in electrolyzer system. The
obtained hydrogen evolution current of 62 mA cm-2 at 400 mV overpotential are comparable to similar nonnobel metal catalysts. At the methanol electrolyzer cell the hydrogen evolution current was 380 mA cm-2 at 1 V
overpotential which is relatively close to 514 mA cm-2 that was obtained with platinum catalyst.
The reaction have been studied with varying pHs to better understand the reaction mechanism of hydrogen
evolution. At low overpotentials and moderate pHs the reaction seems to occur through Volmer-Tafel
mechanism but at high overpotentials and low pH the reactions is dominated by Volmer-Heyrovsky mechanism.
[1] P. Kanninen, M. Borghei, O. Sorsa, E. Pohjalainen, E. Kauppinen, V. Ruiz, T. Kallio, Applied Catalysis B:
Environmental, 156-157, 341 (2014).
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Cu2ZnSnS4 (CZTS) is a p-type semiconductor material which has been reported as one of the most promising
candidates for absorber layer in thin film solar cells. Due to its earth- abundant material, low-cost, non-toxicity,
and high absorption coefficient (>104 cm-1), it has been replacing Cu(In,Ga)Se2 (CIGS) thin film solar cells,
because indium (In) and gallium (Ga) are rare and extremely expensive [1]. Current development of CZTS thin
film photovoltaic technology has been directing towards effective manufacturing costs, efficiency, and highthroughput production. CZTS thin films can be synthesized by both vacuum and non-vacuum based techniques,
such as sputtering, thermal evaporation, spray pyrolysis, pulsed laser deposition, sol-gel, spray pyrolysis,
electrochemical deposition, and successive ionic layer adsorption and reaction (SILAR) technique [2]. Although
CZTS synthesized by vacuum-based techniques has been reported with a high efficiency (maximum at 8.4% in
2011 [3]) and can be easily controlled of the reactant compositions, these techniques are energy intensive,
requiring high vacuum and temperature that indirectly increases the effective cost [2]. In contrast, non-vacuum
techniques are simple, low-cost, consume less energy, high-throughput production, and scalable synthetic
routes. Convective deposition method, in particular, is one of the non-vacuum approaches which is considered
to be simple, rapid and requires inexpensive equipment. The process involves a moving substrate with respect to
a blade, where the precursor solution is stretched into thin film via evaporation and capillary attraction [4]. In
this study, the fabrication of CZTS thin films was focused on convective deposition process prepared by using
non-toxic chemicals of metal chloride, thiourea, and 2-methoxyethanol as precursors and solvent, respectively.
The obtained films were annealed under N2 atmosphere to yield high quality of CZTS films. Variation in
operating conditions such as deposition velocity, number of depositions, and annealing temperature will be
investigated to produce smooth and uniform CZTS thin films. The structure, morphology, composition, phase,
and optical properties of CZTS thin films were characterized by Scanning electron microscopy (SEM), Energy
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dispersive X-ray analysis (EDX), X-ray diffraction (XRD), Raman, and UV-Vis spectrophotometer,
respectively.

[1] H. Flammersberger, Experimental study of Cu2ZnSnS4 thin films for solar cells, Institutionen för
teknikvetenskaper, (2010).
[2] M. P. Suryawanshi, G. L. Agawane, S. M. Bhosale, S.W. Shin, P. S. Patil, J. H. Kim, A. V. Moholkar, Mat.
Technol., 28, 98-109 (2013).
[3] J. Ge, Y. Wu, C. Zhang, S. Zuo, J. Jiang, J. Ma, P. Yang, J. Chu, Applied. Surf. Sci., 258, 7250-7254 (2012).
[4] R.D. Deegan, O. Bakajin, T.F. Dupont, G. Huber, S.R. Nagel, T. Witten, Phys. Rev. E.
Stat. Phys., Plasmas, Fluids, Relat. Interdiscip. Top., 62, 756-765 (2000).
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Improving efficiency in energy usage has become a global megatrend not only within all industries but also
across the entirety of society. Minimizing greenhouse gas emissions while simultaneously improving industrial
output and competitiveness is a pressing goal. Presently, it is estimated that mankind wastes at least 20% of
global power consumption as low level heat (<200 °C). It is obvious that direct conversion of this wasted
energy in to electrical power by means of devices exploiting thermoelectrical (TE) effect will have huge impact
on energy production. Wider usage of such TE convertors for harvesting of waste energy is limited by cost and
availability of TE active materials. Organic materials attract increasing attention due to the advantages of
mechanical flexibility and low-cost synthesis. Within this contribution, a proof of concept device of planar thin
film TE generator based on organic materials is built and its power generation characterized. We have
demonstrated that by appropriate doping of low cost TTT [1] it is possible to obtain TE active organic thin films
of both p- and n-types. We have prepared p-type TTT iodide thin films with a power factor of 0.52 μW m−1 K−2,
an electrical conductivity of 130 S m−1, and a Seebeck coefficient of 63 μV K−1 and n-type TCNQ:TTT films
with a power factor of 0.33 μW m−1 K−2, an electrical conductivity of 57 S m−1, and a Seebeck coefficient of
−75 μV K−1. This achievement has allowed demonstration of the feasibility of thin film TEG based on organic
p- and n-type materials operating under near ambient conditions. Particularly a “proof of concept” single couple
TEG of p-type TTT iodide thin films coupled with n-type thin films produced by co-deposition of TTT and
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TCNQ were prepared. [2] The simple fabrication process proposed allows easy duplication of such TEG
modules therefore the power of device could be multiplied several times. Power of 5.5 pW K−1 was measured
for fabricated single couple TEG close to room temperature.
Acknowledgement: This work has been supported by ERAF project Nr. 1.1.1.1/16/A/046
[1]

K. Pudzs, A. Vembris, J. Busenbergs, M. Rutkis, and S. Woodward, Thin Solid Films, vol. 598, pp. 214–
218, 2015.

[2]

K. Pudzs, A. Vembris, M. Rutkis, and S. Woodward, Adv. Electron. Mater., vol. 3, no. 2, p. 1600429,
Feb. 2017.
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Bismuth vanadate (BiVO4) has adequate energy bandgap (2.4 eV) and chemical stability for being a
photocatalyst as the photoanode in water splitting. However, its interior and surface properties, such as the
existence of a high density of detrimental surface states, greatly degrade its performance as in
photoelectrochemical reactions [1]. To improve the photocatalytic performance of BiVO4, Mo-doping [2] and
surface treatment using FeOOH and NiOOH [3,4] have been reported.

In this work, using a

photoelectrochemical testing facility, we examined the photocatalysis-related properties of Fe-doped and Fe-Mo
co-doped nano-porous BiVO4 grown on ITO-coated glass. Comparing with pure BiVO4, our Fe-doped sample
showed higher photocurrent density, lower electron-hole recombination rate and better stability. For the Fe-Mo
co-doped samples, we observed further improvement in these properties. The optimal improvement is observed
at a certain moderate Mo-doping level for a fix Fe-doping.
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Minimization of losses in latex-nanodiamond films for dielectric energy harvesting
A. Shakun, E.L. Sarlin, J.E. Vuorinen
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Dielectric elastomer generators (DEGs) are known as a promising class of wave energy harvesters. Such
harvesters are based on soft rubber capacitors that change their capacitance with stretching. However, most of
the existing DEG prototypes utilize dielectric membranes that are not optimal for DEG applications and restrict
their performance and economic viability. Therefore, materials designed specifically for DEGs are in demand.
Electromechanical properties of a synthetic latex have recently been studied and showed promising results for
the possible utilization in dielectric energy harvesters. Nitrile rubber (NBR) is known for its comparably high
polarity resulting in relatively high dielectric constant, and it is available in latex form. NBR has good
mechanical and electromechanical properties, as well as elasticity. However, most NBR-based materials show
comparably high dielectric losses. Therefore, minimization of material-related dielectric losses is of high
importance, and it can be achieved with the addition of a filler.
Detonation produced nanodiamonds (NDs) are dielectric particles with an active surface that are expected to
reduce the dielectric losses in some elastomers. The present research investigates the effect of different surfacefunctionalized NDs on dielectric properties of NBR latex films. Addition of NDs, especially with
hydrogenfunctionalized surface (ND-H), reduced the dielectric losses in low frequency region. Moreover, NDH led to lowed electrical conductivity and higher dielectric constant at a low frequency area that is favourable
for DEG applications. Next, two methods of composite preparation were compared – one using sonicating bath
and another one involving high-energy sonotrode that allows obtaining more stable ND suspensions with
smaller aggregate size. Finally, mechanical and dynamic mechanical properties of the composites were
measured.
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Low-temperature synthesized agglomerated nanoparticles of Li4Ti5O12 for energy storage
D. De Sloovere, G. Bonneux, F. Ulu, T. Vranken, M. Verheijen, M.K. Van Bael, A. Hardy
UHasselt, Hasselt University, Institute for Materials Research (IMO) and imo division imomec, Inorganic and
Physical Chemistry, Agoralaan, 3590 Diepenbeek, Belgium.
The development and improvement of lithium ion batteries is of major importance in our current day society.
Due to its high stability and inherent safety, Li4Ti5O12 is an interesting alternative anode material for lithium ion
batteries. The synthesis of this material typically requires demanding synthesis conditions, such as a high
temperature (~800 °C) and a long reaction time (up to 24 hours). This means that, even though batteries are a
valuable way of storing renewable energy, the eco-friendliness of batteries containing Li4Ti5O12 is rather limited
and could be improved by using a less energy-consuming synthesis method. Due to its self-heating nature,
combustion synthesis requires a lower external temperature for the formation of oxides. Using this synthesis
method, the temperature and time for formation of Li4Ti5O12 were reduced to 300 °C and seconds, respectively.
These more beneficial synthesis conditions resulted in the presence of a minor amount of impurities, although
these did not have a big influence on the electrochemical characteristics. When used in a coin cell battery, the
sample can provide a capacity and stability comparable to high temperature synthesized Li4Ti5O12 (164 mAh g1).

While the particle size distribution was broad and the sample contained particles with a size up to 2 µm,

TEM analysis showed that the bigger particles were in fact agglomerates of nanosized particles, resulting in a
rough surface morphology. This explains why increasing the current twentyfold resulted in a limited capacity
decrease of only 15%. The effect of slurry preparation and of galvanostatic cycling on the particle size
distribution of the sample was investigated by post-mortem analysis.
This work was supported by the FWO, the Research Foundation Flanders [project G041913N]. This project
receives the support of the European Union, the European Regional Development Fund ERDF, Flanders
Innovation & Entrepreneurship and the Province of Limburg.
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Polyaniline Coated Carbon Nanotubes as Positive Electrode Material in Asymmetric Supercapacitor
F. Davodi1, O. Sorsa1, T. Rauhala1, B. Rausch1, T. Kallio1
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Increasing amount of electrical devices and their increasing amount of energy consumption requires more
powerful energy storage solutions. Lithium ion batteries are currently considered as one of the main portable
energy storage solutions. However, they have a relatively low power density. Supercapacitors, instead, can
operate with high power densities. However, they are limited by low capacity. In a hybrid device, one electrode
utilizes a faradaic redox reaction and the other capacitive electric bilayer. This device is often called as a hybrid
supercapacitor or an asymmetric supercapacitor.
Polyaniline (PANI) is a polymer that is known for its electrical conductivity and redox reactions [1]. Even
though polyaniline is considered a conducting polymer, it still has a low conductivity compared to metals or
most carbonaceous materials. Polyaniline electrodes are usually fabricated by using a binder to increase its
cohesion. However, binders decrease the conductivity so that a conductive material (usually carbon black) is
needed. Carbon nanotubes (CNTs) have high surface area and conductivity. By combining these two materials,
we can create a composite that has a redox reaction, high conductivity and relatively high surface area. Carbon
nanotubes are also cohesive enough so that no binder is required. By all accounts, PANI-CNT is an ideal
material to be used in hybrid supercapacitors.
We have synthesized carbon nanotubes wrapped by polyaniline and tested it as a positive electrode material in
aqueous supercapacitor cells. Activated carbon has been used as the negative electrode.
[1] G.A. Snook, P. Kon, A.S. Best, J Power Sources, 196 1 (2011).
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Electrochemical performance of the infiltrated Ni-Fe/YSZ anodes in the ScSZ supported IT-SOFCs for
H2 and ethanol fuels.
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Ink-Jet printing technology, utilising drop-on-demand electromagnetic nozzle with a 100µm diameter orifice,
was used as an infiltration technique for a controlled delivery of precursor inks into porous anode scaffolds.
Following an optimisation of inks contents and concentrations, the process can achieve a laterally uniform
loading of nano-litres of inks into the electrode scaffolds, providing a substantial waste reduction and higher
resolution precision. The following inks were used in the primary series of infiltration cycles of the Ni-Fe/YSZ
anode scaffolds: Ni(NO3)2, Cu(NO3)2, Co(NO3)2 and Co(NO3)2 • Mn(NO3)2. The secondary infiltrations were
done with the gadolinium doped ceria (CGO) based ink. Each individual infiltration cycle contributed to around
5wt% loading relative to the electrode weight. Electrochemical Impedance Spectroscopy of the symmetrical
infiltrated anode cells was undertaken in a 5%H2 in Ar atmosphere with a 48 hours durability measurement. The
SEM imaging and the energy dispersive X-ray spectroscopy helped investigating the surface morphology and
the compositional analysis. It was confirmed that the dual infiltrations have an effect of extending the triple
phase boundary by forming chains of interconnected nanoparticles (~50nm in diameter), on the surface of the
Ni-Fe/YSZ scaffolds. In addition, the CGO based ink was found to be responsible for the inhibition of the
primary infiltrated nanoparticles as well as for preventing the agglomeration of Ni in the Ni-Fe alloy within the
anode scaffold, thus improving the durability of the cell performance. Conjointly, a series of full electrolyte
supported SOFCs with infiltrated electrodes were tested in pure H2 and hydrocarbon based fuels. Alongside the
power densities and the open-circuit potentials, parameters such as the resistance to carbonisation and the
changes in surface morphology, particularly the signs of Ni coarsening, were also noted, compared and
analysed.
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Experiment Investigation of Nanoparticle-assisted Enhanced Oil Recovery and Oil Reservoir
Characterization
Z. Hu1, E. Nourafkan1, G. Raza1, D. Wen1,2,*
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Recently, the injection of nanoparticles (NPs) has been proposed as a potential means to improve reservoir
characterization and to increase oil production, resulting in the term NanoEOR. Compared to conventional EOR
techniques, NanoEOR possesses a few advantages. It is thought that the small sizes of particles (<100 nm)
could tailor the displacing fluid effective properties, alter the rock surface wettability, and introduce
conformance control. In addition, the size-dependent properties (i.e., optical, magnetic) of nanoparticles can be
used as sensitive down-hole sensors to target locations that are inaccessible by conventional methods [1]. This
work reports a systematic work being conducted at the University of Leeds to investigate engineered
nanoparticles for subsurface applications, including i) functional NPs design and fabrication, ii) NPs stability
and transport ability under reservoir-like conditions [2], iii) NPs as modifier to improve the performance of
chemical flooding [3], and iv) the development of ‘contrast-agent’ for better reservoir characterization.
[1] Z. Hu, S. Azmi, G. Raza, P. Glover and D. Wen*, Energy Fuels, 30, 2791(2016).
[2]

G.

Raza,

M.

Amjad,

I.

Kaur,

D.

Wen*,

Environ.

Sci.

Technol.,

50,

8462(2016)

[3] Z. Hu, M. Haruna, H. Gao, E. Nourafkan, and D. Wen*, Ind. Eng. Chem. Res., Article ASAP
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Copper antimony sulfide (CuSbS2) is an emerging semiconductor that is relatively less explored despite of its
unique properties. Study on this material as a potential absorber for sustainable and scalable thin film solar cells
has been developed [1,2]. CuSbS2 were successfully prepared using hot injection method. High quality colloidal
particles can be obtained via this route [3]. Oleylamine solvent and elemental sulfur were used for synthesis.
Obtained powders were investigated by X-ray diffraction (XRD), scanning electron microscopy (SEM),
transmission electron microscopy (TEM) and UV-Vis spectroscopy. The results revealed that synthesized
CuSbS2 have an orthorhombic structure with Pnma space group. The XRD pattern was in good agreement with
the standard pattern (JCPDS 98-017-1051) and no impurities were detected. The particles have a plate-like
morphology with relative shape uniformity. This morphology is promising for application in solar cells and
supercapacitors [4]. The SEM and TEM images also clearly indicated that the plates are composed of several
stacks of layers with distinct plate edges.
[1] B. Yang, L. Wang, J. Han, Y. Zhou, H. Song, S. Chen, J. Zhong, L. Lv, D. Niu, and J. Tang, Chem.
Mater., 26 (10), 3135 (2014).
[2] Z. Liu, J. Huang, J. Han, T. Hong, J. Zhang and Z. Liu, Phys. Chem. Chem. Phys., 18, 16615 (2016).
[3] S. G. Kwon and T. Hyeon, small, 7 (19), 2685 (2011).
[4] K. Ramasamy, R. K. Gupta, H. Sims, S. Palchoudhury, S. Ivanova and A. Gupta,
J. Mater. Chem. A, 3, 13263 (2015).
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Cobalt Doping Efficiency in ZnO Nanostructures
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In this study we investigated cobalt doping in ZnO nanostructures by varying the doping content from 0 to 20%
in nanostructured ZnO thin films fabricated by a chemical bath deposition technique (CBD). ZnO nanorods
were deposited on fluorinated tin oxide (FTO) substrates by CBD using equimolar ratios (selected at 0. 1M, 0.5
M and 1 M) of zinc (II) nitrate and hexamethylenetetramine in solution at 95◦C. Cobalt doping in ZnO was
achieved by adding either cobalt nitrate, cobalt chloride or cobalt acetate to the precursor solutions of the CBD
in a set of samples. Regardless of the doping process, X-ray diffraction (XRD) measurements on doped ZnO
samples and analysis of the (002) peak show that the average nanorod diameter in doped samples increased up
to 15% doping and then decreased in 20% doped sample. We also extracted lattice parameters a, and c from
XRD studies. Based on these measurements, we estimated the strain in the doped nanostructured thin films with
increase in cobalt doping. The strain in the doped films decreased from 0 to 15% cobalt doping and increased
significantly as the doping was increased to 20%. We compared the doping efficiency in two sets of samples
doped with cobalt via cobalt nitrate and cobalt chloride. Measurements of the cobalt incorporated into the ZnO
matrix were performed using atomic emission spectroscopy (AES). AES measurements show that cobalt
incorporation is much more efficient at 1M concentration of the precursor solution using cobalt chloride than
using cobalt nitrates for doping. SEM images show that at 0.1 M ratio of the CBD precursor solutions, the
morphology of ZnO deposited resulted in hexagonally shaped nanorods. The nanostructure morphology is
maintained in 0.1 M cobalt doping, irrespective of the route (cobalt nitrate, cobalt acetate or cobalt chloride)
taken to achieve the doping. I-V and C-V measurements show that the average barrier height increases up to
15% doping and then decreases at 20% doping. We will discuss the implications of these measurements on
establishing parameters for cobalt doping efficiency in ZnO nanostructures.
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Cu2O/TiO2 nanotube arrays film with controlled morphology for photoelectrochemical water splitting
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Cu2O is a promising sensitizer of TiO2 nanotube arrays (TNTs) for photoelectrochemical water splitting because
it is an environment friendly p-type semiconductor with narrow band gap (2.0~2.2 eV). In this paper, TNTs
were prepared by anodic oxidation method, and then Cu2O nanoparticles were deposited on TNTs in the threeelectrode system via electrochemical deposition method. The morphology and the size of Cu2O nanoparticles on
the TNTs can be controlled through adding PVP K30 in electrolyte or by adjusting deposition potentials and
time. Octahedral Cu2O particles only obtained at deposition potential of -0.8V, and Cu2O particles deposit at 0.3V and -0.4V were almost amorphous. The size of Cu2O nanoparticles remarkable can be decreased to 35nm
with the help of surfactant PVP K30, and Cu2O deposited on the inner and outer walls of TiO2 nanotube. The
resulting Cu2O/TNTs have the significant photo response in visible light region. Under irradiation of solar
simulator (AM1.5, 100mW/cm2), the photocurrent density of the Cu2O/TNTs is more than that of TNTs when
Cu2O was deposited on TNTs. The sample obtained at -0.3V for 5min exhibits better photoelectrochemical
properties. In addition, combined with the open potential transient curves and the cyclic voltammetry curves,
Cu2O nanoparticles may be oxidized during the photoelectric testing process, but the photocurrent of
Cu2O/TNTs remains stable.
[1] L.X. Sang, H.Y. Tan and X.M. Zhang, J.Phys.Chem.C, 116, 18633 (2012).
[2] S.S. Zhang, B.Y. Peng and S.Y. Yang, Int J Hydrogen Energy, 38, 13866 (2013).
[3] L. Wu, L. Tsui, N. Swami, et al. The Journal of Physical Chemistry C, 114(26): 11551(2010)
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Proximity Induced magnetism in Graphene for Energy Storage Application
D. Seifu1, H. Verma1, S. P. Karna,2 Haiping Hong,3 and M. S. Seehra4
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Evidence of significant induced ferromagnetism in multilayer graphene (MLG) coated with ferrimagnetic
nanoparticles (NPs) will be reported. In this presentation, we will report evidence of induced ferromagnetism at
room temperature in bulk samples of MLG, coated with ferrimagnetic magnetite (Fe3O4) Nps through a facile
one-step ultrasonic treatment [1]. This observation of proximity induced ferromagnetism in bulk samples of
commercial MLG may open up several applications. Magnetization versus magnetic field shows that the
saturation magnetization MS = 58.6 emu/gm for pristine Fe3O4 increased to MS = 158.4 emu/gm for a 1:1
composite of Fe3O4 to MLG. These results lead to induced MS = 253 emu/gm in MLG resulting from its
proximity to Fe3O4. From TEM images of Fe3O4/MLG it is evident that MLG surface is coated by a large
quantity of Fe3O4 NPs. In addition, application of Fe3O4 NPs of predetermined size enabled the control over
magnetic properties since magnetic properties depend upon the dimensions of materials used. The TEM image
clearly shows equally spaced lattice fringes of Fe3O4 NPs. From the TEM analysis, it can be concluded that
highly crystalline Fe3O4 NPs are uniformly coated onto MLG.
We will also present enhanced magnetic properties of MLG coated with several other NPs including Fe2O3,
Co3O4 [2] and FeCoO4 for possible energy storage application [3].
[1] D. Seifu, S. Neupane, L. Giri, S.P. Karna, H. Hong, M. Seehra, Applied Physics Letters, 106 (2015) 212401.
[2] D. Seifu, L. Giri, H. Hong, G. Mallick, S.P. Karna, M.S. Seehra, Nanotechnology (IEEE-NANO), 2016
IEEE 16th International Conference on, IEEE, 2016, pp. 587-590.
[3] B. Li, H. Cao, J. Shao, M. Qu, J.H. Warner, Journal of Materials Chemistry, 21 (2011) 5069-5075.
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Arrays of tunneling magnetoresistance (TMR) nanowires were synthesized for the first time by filling Fe/MgO/
Fe inside vertically grown and substrate supported carbon nanotubes. The magnetic properties of nanowires and
planar nanoscale thin films of Fe/MgO/Fe showed several similarities, such as two-fold magnetic symmetry and
ratio of orbital moment to spin moment. Nanowires of Fe/MgO/Fe showed higher saturation magnetization by a
factor of 2.7 compared to planar thin films of Fe/MgO/Fe at 1.5 kOe. The enhanced magnetic properties likely
resulted from shape anisotropy of the nanowires and as well as the hybridization that occur between the πelectronic states of carbon and 3d-bands of the Fe-surface [1, 2].
This comparative study of the structural and magnetic properties of Fe/MgO/Fe nanowires grown inside
substrate supported carbon nanotubes for the first time and planar thin films MTJs showed several similarities,
such as two-fold magnetic symmetry and ratio of orbital moment to spin moment. Deposition conditions in
particular substrate temperature influences both structural and magnetic properties of the Fe/MgO/Fe planar
films. Nanowires of Fe/MgO/Fe prepared at 100°C substrate temperature showed improved magnetic property
compared to planar thin films, and we attribute this to the shape anisotropy of nanowires. The saturation
magnetization is higher by 173% for nanowires compared to planar thin films prepared at the same substrate
temperature. The coercive field of nanowires of Fe/ MgO/Fe is 54% higher than thin film of Fe/MgO/Fe both
synthesized at 100°C of substrate temperature. Nanowires of Fe/MgO/Fe showed higher saturation
magnetization by a factor of 2.7 compared to planar thin films of Fe/MgO/Fe at 1.5 kOe. These enhanced
magnetic properties may result from shape anisotropy of the nanowires as well as hybridization that occurs
between the π-electronic states of carbon and 3d-bands of the Fe-surface. The small change in the coercive field
as the angle between the sample surface and the applied field is changed in both nanowires and films confirmed
that most of the magnetization variation occur by domain wall motion. Strong dependence on angle was
observed on the values of coercive field much more in films than in nanowires indicating domination of uniaxial
anisotropy over magnetocrystalline anisotropy. The well-defined XMCD spectra of both nanowires and films
synthesized at substrate temperature of100°C indicate the Fe film is magnetically active. Previous predictions of
magnetically dead layers were based on the study of Fe films that were synthesized at room temperature.
[1] D. Aryee, D. Seifu, Journal of Magnetism and Magnetic Materials, DOI (2017).
[2] A. Newman, S. Khatiwada, S. Neupane, D. Seifu, Journal of Applied Physics, 117 (2015) 144302.
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The main goal of this study is obtaining and studying of promising electrode materials with 3D structure based
on reduced graphene oxide with a high surface area and electrical conductivity as well as various polymers,
which are stable under cyclic electrochemical influences. The dependence of the structural organization of
nanocomposites on the size parameters of the initial particles of graphene oxide, on the ratio of the carbon and
polymer components, on electro-chemical parameters was investigated.
The production and use of aerogel as the basis of the composite with segregated structure will allow obtaining a
continuous electrically conductive network and will open the possibilities for its modification. The methods of
introducing the polymer binder will allow varying the properties of composites in a wide range and optimizing
them. Several different methods for the preparation of composite materials have been investigated and analyzed,
including: incorporation of polymer particles into aerogel, impregnation of aerogel with polymer solution, and
in situ polymerization on the surface of aerogel particles. Graphene oxide was synthesized by Hummer’s
method [1]. It was shown that electrode materials obtained on the basis of such aerogels have a highly
developed structure with a specific surface area up to 500 m2/g and a capacity of more than 50 F/g.
[1] W.S. Hummers, R.E. Offeman, J. Am. Chem. Soc., 80, 1339 (1958)
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Solar thermal energy is one of clean and renewable energies with great potential applications. Solar spectral
selective absorbing coatings are the fundamental component of a solar photo-thermal conversion absorber
which is required to have a high absorptance in the wavelength 300-2500 nm and a low thermal emissivity in
the wavelength 2.5-50 μm. For parabolic trough concentrated solar power, the high temperature stability of the
coating is more critical besides its spectral selectivity. A solar absorptivity above 0.95 and a normal emissivity
below 0.06 have been obtained in our new designed coatings, such as Al2O3/AlNi-Al2O3/AlNi-Al2O3/Mo,
SiO2/NbXON/NbXN/Al (X=Ti, Mo, Si etc.) and SiO2/ ZrSiON/ZrSiN/Mo multilayer coatings. The thermal
stability above 500℃ in vacuum was evaluated for the potential applications in parabolic trough concentrated
solar power (CSP).
1. Y. Liu, C. Wang, Y.F. Xue, Solar Energy Materials & Solar Cells 96 (2012) 131-136.
2. Yongxin Wu, Cong Wang, Ying Sun, Yafei Xue, Yuping Ning, Wenwen Wang, Shuxi Zhao, Eric
Tomasella, Angélique Bousquet Solar Energy Materials & Solar Cells 134(2015)373-380
3. Yongxin Wu, Cong Wang, Ying Sun, Yuping Ning, Yingfang Liu, Yafei Xue, Wenwen Wang, Shuxi Zhao,
Eric Tomasella, Ange´lique Bousquet, Solar Energy 119 (2015) 18–28,
4. Yafei Xue, Cong Wang, Wenwen Wang, Yu Liu, Yongxin Wu, Yuping Ning, Ying Sun, Solar Energy 96
(2013) 113–118
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“Status and Future for CSP’s development in China”
Wang Jun
Southeast University (Nanjing, China)
Professor Wang Jun is the expert from the Southeast University (Nanjing, China) who has been studying on
CSP technology for many years. His research fields mainly relate to solar thermal energy application in high
temperature levels, and optical concentrating process. Wang presided many important scientific projects and
programmes, including of China “863” projects, “973” projects as well as other key programmes funded by
National Ministry of Education and provincial departments relevant. He has published more than 40 articles and
40 patents so far. As the president of the board of Institute of Renewable Energy Nanjing, Wang knows the
development status of CSP technology in China very well. In addition, he is also employed as the director of
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Solar Energy Professional Committee of Energy Research Council Jiangsu and the editorial board membership
of <China Solar Energy> and <Journal of Solar Energy Academic>. Wang prepares a presentation, called
“Status and Future for CSP’s development in China”, for this conference, in which a short overview of the stateof-the-art of CSP including the status in China is presented, and a blueprint for China’s CSP development is
elaborated based on China’s 13th 5-year program and other guides from polities and markets. Wang supposes
that China could play a more prominent global role in CSP, but this would require stronger efforts in several
areas ranging from innovation to policies.
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One of the challenges for the PV market is the balance of the expense of production and the efficiency of the
cell produced. CZTS (Cu2ZnSnS4) has a great deal of potential for PV applications due to its close relationship
with other thin-film solar cell absorbers with high efficiencies, such as CIGS, but without the use of rare or
toxic elements. CZTS is desirable mainly due to its direct band gap in the range of 1.0 to 1.5 eV and high
absorption coefficient [1]. More notably, IBM have produced CZTSSe devices with 12.6% efficiency when
introducing selenium [2]. Further studies of alloying CZTS with other elements including Cd, Ag, Ge, Bi, Li,
Mn, Fe, [3][4][5][6][7][8][9] have shown to improve device efficiencies by tailoring the band gap, effecting
defect size, unwanted secondary phases, and carrier concentration. The main aims of this study were to
determine reliable, low cost deposition methods for the thin films, as well as obtain solutions to the problems
surrounding the low efficiencies of present devices.
Several alloying studies were performed, replacing the Cu, Zn and Sn sites with isoelectronic and nonisoelectronic elements. CZTS films were synthesised by chemical bath deposition whilst varying the alloy
concentrations. The films were then selenised by close space sublimation, in order to improve material quality
and device efficiency. The morphological characterisation of the synthesised films was performed using XRD
and Raman spectroscopy, to inspect the phases of the material. The electronic and optical characterisation was
carried out on a variety of photoemission techniques, including XPS and IPES to study the oxidation states,
band structure and the work function of the thin films. As well as this, UV-vis was used for comparison with the
band gap measured from XPS and IPES. The band structure determined from experiment was also compared to
DFT calculations performed at UCL.
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Silver Nanowire based Percolating Networks for Transparent Flexible Thin Films Synthesis, Nanoscale
Characterization and Integration into Functional Devices.
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New generation of transparent electrodes are expected to exhibit three main physical properties: high electrical
conductivity, high transparency and mechanical flexibility. The most efficient and widely used transparent
conducting material is currently indium tin oxide (ITO). However the indium scarcity associated to the lack of
flexibility of ITO as well as relatively high cost of fabrication has prompted the search for alternative materials.
Among emerging transparent electrodes (TE), silver nanowire (NW) networks appear as a promising substitute
since they exhibit excellent properties with sheet resistance of a few Ω/sq at optical transparency of 90%,
fulfilling the requirements for many applications. In addition, the fabrication of these electrodes involves lowtemperature processes which renders this technology very promising.
In this communication, we will first present results on the synthesis and on the purification process of silver
nanowires. Then, after fabrication of homogeneous random networks, specific characterizations performed to
understand the physical phenomena taking place at the scales of the NW-to-NW junctions (nanoscale) up to the
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entire network (macroscale) will be presented. Finally, we will show efficient use of these flexible transparent
conductive layer through integration into functional devices, in particular solar modules.
[1] T. Sannicolo, Simonato J.P., et al. Nano Letters, 16, 7046-53 (2016)
[2] T. Sannicolo, Simonato J.P., et al. Small, 12(44), 6052-75 (2016)
[3] C. Mayousse, Simonato J.P., et al. Nanoscale, 7, 2107-15 (2015)
[4] C. Mayousse, Simonato J.P., et al. Nano Research 7(3), 315-24 (2014)

ENR-98
Band Gap Engineering and Defect Design of Metal Oxides using Molecular Layer Deposition
R. Yerushalmi1
1The

Hebrew University of Jerusalem, Jerusalem, Edmond J Safra Campus, 9190401, Israel.

Metal Oxides (MOs) are central in a wide range of research fields and for numerous applications including
catalysis, sensing, photonics, optoelectronic devices, renewable energy, electrochemistry and more. Molecular
Layer Deposition (MLD) was demonstrated as a method for preparation of highly photoactive thin films that
can be prepared on macroscopic as well as on nano-scale substrates.[1] The use of MLD in the context of
photocatalysis opens new routes towards non-stoichiometric oxides for tuning and optimizing the reactivity and
performances of MO catalysts.[3-4] Specifically for MOs, oxygen vacancies (OV) are important structural
defect that alter the reactivity of MOs by introduction of new electronic states within the band gap (BG). The
use of MLD for defect design offers additional valuable handles for optimizing MO electronic structure further
to control over the crystalline phase and impurity doping. A widely studied MO in the context of OV is nonstoichiometric Titania, TiO2. The electronic structure, charge transport, and surface properties of TiOare
closely related to the details of the defects and OV. Hybrid organic-inorganic Ti-Ethylene glycol (Ti-EG) thin
films prepared by MLD are demonstrated for attaining oxygen-deficient Titania with control over the electronic
defect states and electronic bands positions. In my talk I will present our current understanding of the electronic
structure evolution that takes place when annealing hybrid films leading to the highly photocatalytic oxide thin
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films. The correlation of OV details and band positioning with the unique photocatalytic performance
demonstrated for annealed films will be discussed.
References:
[1] S. Ishchuk, D-H Taffa, O. Hazut, N. Kaynan, and R. Yerushalmi, ACS Nano, 6, 7263 (2012).
[2] D. Sarkar, D-H Taffa, S. Ishchuk, O. Hazut, H. Cohen, G. Toker, M. Asscher, and R. Yerushalmi,
Chem.Commun., 50, 9176 (2014).
[3] N. Kaynan, B.A. Berke, O. Hazut, and R. Yerushalmi, J.Mater.Chem. A, 2, 13822 (2014).
[4] D. Sarkar, S. Ishchuk, D-H Taffa, N. Kaynan, B.A. Berke, T. Bendikov, and R. Yerushalmi, JPC C, 120,
3853 (2016).

ENR-99
SDC-Na2CO3 nanocomposites: one step synthesis and electrochemical performances for low temperature
ceramic fuel cells
Guanghong Zhang, Zhenyi Zhou, Liangdong Fan
College of Chemistry and Environmental Engineering, Shenzhen University, Shenzhen 518060, Guangdong
Province, P. R. China
Ceramic fuel cells (CFCs) or solid oxide fuel cells are promising electrochemical device for highly efficient and
green energy conversion of chemical energy to electricity. It is recognized that the running temperature of CFCs
should be declined to reduce system investment while improve the lifespan. The key solution is to develop
highly active electrolyte materials since they determine the working temperature of CFCs and related cell
components, as well as the balance of plant. Ceria-carbonate composite presents a type of alternative and
promising electrolyte materials for such purposes. It is well accepted that the composite utilize the interface
between cerium oxide and carbonate as highway for super ionic conduction pathway. Various nanomaterial
fabrication techniques have been applied in the past decades to increase the interfaces, like impregnation, and
co-precipitation methods. However, those methods suffer from uncontrollable residual carbonate content and
insufficient interface area [1, 2]. In this work, we adopt the sol-gel method to one-step synthesize samarium
oxide doped cerium oxide-Na2CO3 (SDC-Na2CO3) nanocomposite as electrolyte materials for CFCs. Their
morphologies, crystal phases, the ac conductivity and dc conductivity, as well as ceramic fuel cells/electrolysis
cells electrochemical performances of SDC- Na2CO3 with different residual carbonate contents are
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investigated. It is suggested that sol-gel method is a promising method to obtain highly active nanocomposite
electrolyte for low temperature CFCs.
[1] L. Fan, C. Wang, M. Chen, and B. Zhu, J. Power Sources 234, 154 (2013).
[2] S. Rajesh, D. Macedo, R. Nascimento, G. Souza, F. Figueiredo, F. Marques, Int. J. Hydrogen Energy 38,
16539 (2013).

ENR-101
Critical review on state-of-the-art of stability tests of dye and perovskite solar cells and suggestions for
improvements
A. Tiihonen1, K. Miettunen1, P.D. Lund1
1New

Energy Technologies Group, Department of Applied Physics, Aalto University, Espoo, P.O Box 15100

Aalto, Finland.
Long-term stability is a key factor affecting the commercialization of new solar cell technologies such as dye
and perovskite solar cells. Testing of stability is therefore of outmost importance. However, we seldom see
sufficient information been reported on stability tests and how these are performed, even for high efficiency cell
results. In this contribution, we present a review on how stability tests are currently performed in practice. We
have analysed in detail stability-related experimental dye and perovskite solar cell papers published in 2016 and
listed in Web of Science, focusing on methods and ageing conditions in stability tests. Our review shows that
the quality and impact of stability tests could be improved. In our contribution, we outline common
shortcomings in stability tests and practical ways to overcome them. These methods help researchers to design
better aging tests in the future, and hence speeding up the commercialization of these solar cell technologies.
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ENR-102
Novel Binary Nanoparticle Systems of Mixied Heterostructure Ag2O-TiO2 with Different Shapes for
Enhancing Photoreforming Hydrogen Production
C. Wang1, X. Cai1, Y.Chen1, Z. Cheng1,2, L. Jia1, X. Luo1, S. Mo1, Riyang Shu1, Sifan Sun1, Enqi Pu1
1

Guangdong Provincial Key Laboratory on Functional Soft Condensed Matter, School of Materials and

Energy, Guangdong University of Technology, Guangzhou 510006, China.
2

Artie McFerrin Department of Chemical Engineering, Texas A&M University, College Station, TX 77843-

3122, USA.
In order to improve photocatalytic hydrogen production over TiO2 based catalyst, a series of Ag2O-TiO2
nanoparticles with heterostructures have been synthesized. However, the nanoparticles have a drawback of
spontaneous aggregation in aqueous suspension which could bring about low optical absorption property and
photocatalytic activity. In this work, the dispersion stability of Ag2O-TiO2 nanoparticles with different shapes in
aqueous suspension were investigated. A simple and novel approach was proposed for enhancing the dispersion
stability by mixing two types of Ag2O-TiO2 nanoparticles with different shapes in glycerol aqueous solution
without adding any dispersant. This approach was experimentally confirmed as an effective method for
stabilizing the suspensions and significantly enhancing the photoreforming H2 production. This strategy of
mixing different shaped particles may enlightening new ideas for designing efficient photocatalytic hydrogen
production system.

ENR-103
Effect of Ultrasound on Solidification of TiO2 Nanoparticle Suspensions
L.S. Jia1, Y. Chen1, W. Cui1, Y.A. Li1, C. Wang1, S.P. Mo1, J. Li1
1Guangdong

University of Technology, Guangzhou, Guangdong, 510006, CHN.

Ultrasound was used to solidify an aqueous suspension of TiO2 nanoparticles. The effects of ultrasonic power
and nanoparticle concentration on supercooling degree for the ice nucleation in the TiO2 nanoparticle
suspension were investigated through the cooling curve and infrared thermal imaging methods. Results showed
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that the supercooling degree of TiO2 nanoparticle suspension can be reduced by ultrasound, and the reduction
rate increases with the increase in ultrasonic power and nanoparticle concentration. The mechanism of
ultrasound-controlled nucleation was analyzed by measuring the states of the TiO2 nanoparticles and cavitation
bubbles during the solidification of nanoparticle suspension at different ultrasonic powers. The small bubbles
formed by rectified diffusion at low ultrasonic powers initiated ice nucleation through their collapse, and the
large bubbles formed by bubble coalescence at high ultrasonic powers initiated ice nucleation by providing
heterogeneous nucleation sites. The role of bubble-coalescence-induced bubbles in the promotion of ice
nucleation is more significant than that of rectified-diffusion-induced bubbles. Additionally, the advantage of
TiO2 nanoparticle suspension over deionized water on the supercooling degree was found to disappear when
ultrasonic power exceeded 195 W. This finding can be attributed to the agglomeration of TiO2 nanoparticles
and cavitation bubbles, which also deteriorated the dispersion stability of the nanoparticle suspension during
solidification and consequently led to failure. With regard to the reduction in the supercooling degree and
improvement in the dispersion stability, introducing a low-power ultrasound is a viable option for the
nanoparticle suspension.

ENR-104
Synthesis and Size-control of Microencapsulated Phase Change Materials by Using a Microfluidic Device
Y. Chen1, J. Li1, L.S. Jia1, Y.A. Li1, W. Cui1, C. Wang1, P.C. Lin1
1Guangdong

University of Technology, Guangzhou, Guangdong, 510006, CHN.

Control the size polydispersity and morphology of phase change material microcapsules is important for using
them to enhance the heat trasnfer performance of conventional fluids. Here we established a method to
synthesis phase change material microcapsules with low polydispersity and good spherical shape. The phase
change material microcapsules, which consisted of heptadecane as core and polyurea as shell, were synthesized
via a 3D glass microfluidic chip. The effect of fluid velocity on the morphology and the size of the
microcapsules were investigated and the corresponding thermophysical properties of microcapsules at different
particle sizes were studied. The results showed that the phase change material microcapsules were arranged
uniformly and spherically, and the particle size of the obtained microcapsules increased from 50 μm to 300 μm
by increasing the velocity ratio of continuous phase and disperse phase from 2.5 to 10. The differentical
scanning calorimetry (DSC) and the thermal gravimetric analyzer (TGA) were used to measure the
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thermophysical properties and thermal reliability of the microencapsulated phase change mateirals. The DSC
results showed that the encapsulation ratio of heptadecane was about 80.15 percent at the particle diameter of
100 μm. The TGA results showed that the microencapsulated heptadecane had good thermal reliability
compared to pure heptadecane. The above observations confirmed that the 3D glass microfluidic device was a
simple and effective method for synthesizing phase change material micocapsules.

ENR-106
Outdoor testing station for studying performance and stability of solar cells
S. Lepikko1*, K. Miettunen1, P. D. Lund1
1Aalto University, Otakaari 1, 02150, Espoo, Finland.
The focus of this study is on the preparation and testing of a measurement system for real life outdoor testing of
emerging photovoltaic devices, namely dye-sensitized solar cells and perovskite solar cells. While laboratory
level accelerated aging tests for solar cells are a powerful tool for studying the stability of the cells in longtime
operation, such tests do not cover all environmental variations present under real outdoor environment. Hence,
when going forward in lifetime testing, outdoor testing of the emerging solar cell technologies becomes critical
in evaluation of their suitability for commercialization.
The new measurement system was designed according to ISOS standards for organic solar cell outdoor aging
tests [1]: it is capable to monitor the current-voltage characteristics of the tested cells, provide adjustable
electric load for the cells, and record weather values. A short aging test was performed with this new station for
dye-sensitized solar cells during late autumn in Finland, when the weather varied from mildly warm autumn
weather to freezing and snowy. The lightly encapsulated cells did suffer from degradation during the test since
their short circuit current decreased. The degradation did not occur during the frosty period but instead during
the warmer, rainy periods so the cause of degradation was most likely moisture.
Additionally, the tested cells were able to generate current at sub-zero temperatures about as well as in warmer
environments, which has not been previously reported in literature for dye-sensitized solar cells.
[1] M.O. Reese et al. / Solar Energy Materials & Solar Cells 95 (2011) 1253–1267.
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ENR-107
Photocatalytic degradation of cationic and anionic dyes in water using hydrogen- terminated silicon
nanowires as catalyst
N. Brahiti1,2, T.Hadjersi1, S. Amirouche2, H. Menari1, O. ElKechai2
1Centre

de Recherche en Technologie des Semi-conducteurs pour l’Energétique (CRTSE), 2 Bd. Frantz Fanon,

B.P. 140 Alger-7 Merveilles, Algiers, Algeria
2Université

Mouloud MAMMERI de TiziOuzou, faculté des Sciences, Algiers, Algeria

Semiconductor photocatalysis is a newly developed AOP, which can be used for the degradation of dye
pollutants. A lot of studies were reported on the photocatalytic degradation of refractory organics. TiO2 was the
most used in photocatalysis because of its exceptional stability towards chemical and photochemical corrosion.
Silicon is a low cost and environmental friendly semiconductor, which prevails in integrated microelectronics.
However, it is not used in pollution control because its valence band is not positive enough to oxidize pollutant
species. Nevertheless; the nanostructured silicon has recently attracted a great deal of attention because of their
high specific surface. It is expected to have potential applications in the development of new catalysts [1].
Indeed, it was reported by Yoneyama et al. that platinized n-type crystalline silicon and silicon powder are good
photocatalysts for formic acid decomposition [2]. Also, Chen et al. used one dimensional hydrogen-terminated
silicon nanowires (SiNWs) prepared by oxide-assisted- growth, under ultrasonic agitation for the degradation of
methyl red [3]. Shao et al. investigated the performance of hydrogen-terminated SiNWs substrates prepared by
the VLS method for the degradation of Rhodamine B under visible light irradiation. It was found that hydrogenterminated SiNWs exhibited a high efficiency which was attributed to an electron deficiency of H atoms in Si–
Hx terminating the surface [4]. In addition, Pan et al. found that Cu- modified silicon nanowires show enhanced
catalytic activity for the coupling reaction of benzene halides (iodobenzene, bromobenzene, and chlorobenzene)
and aniline [5]. Also, Tsang and al. show that Au- and Cu-modified Si nanowires (SiNWs) are superior
catalysts for selective oxidation of hydrocarbons [6].
In this work, the photocatalytic degradation of cationic (methylene blue (MB)) and anionic (methyl orange
(MO)) dyes was investigated using hydrogen-terminated silicon nanowires (H-SiNWs) as photocatalysts.
Several silicon nanowires samples with different morphologies were elaborated and the morphology was
changed by acting on the silicon nanowires formation parameters such as substrate type, doping level,
crystallographic orientation, silver deposition time and etching time. It was shown that the photocatalytic
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activity strongly depends on the morphology of SiNWs arrays. Indeed, it was found that n-type H-SiNWs
elaborated on highly doped Si (100) substrates exhibit the highest photocatalytic activity for the degradation of
MB. In addition, it was demonstrated that H-SiNWs are more efficient for the photodegradation of MO than
MB in the solutions with pH values higher than the pH of zero charge point of silica (pHpzc).
[1]

K. Kabra, R. Chaudhary, R.L. Sawhney, Ind. Eng. Chem. Res., 43 (2004) 7683.

[2]

H. Yoneyama, N. Matsumoto, H. Tamura, Bull. Chem. Soc. Jpn., 59 (1986) 3302.

[3]

Z. H. Chen, Y. B. Tang, Y. Liu, Z. H. Kang, X. J. Zhang, X. Fan, C. S. Lee, I. Bello, W. J. Zhang, S. T.
Lee, J. Appl. Phys. 105 (2009) 034307.

[4]

M. W. Shao, L. Cheng, X. H. Zhang, D. D. D. Ma, S.-T. Lee, J. Am. Chem. Soc. 131(2009) 17738.

[5]

K. Pan, H. Ming, H. Yu, H. Huang, Y. Liu and Z. Kang, Dalton Trans., 41(2012) 2564.

[6]

Ch. H. A. Tsang, Y. Liu, Z. Kang, D. D.D. Ma, N.-B.Wongand S.-T. Lee, Chem. Commun. 39 (2009)
5829.

ENR-109
Comparison of thermal conductivity measurement techniques with silver nanofluids
S. Puupponen1, S. Feja2, M. H. Buschmann2, A. Seppälä1
1Department of Mechanical Engineering, Aalto University, P.O. Box 14400, FIN-00076 Aalto, Espoo, Finland.
2ILK Dresden gGmbH, Bertolt-Brecht-Allee 20, Dresden, 01309, Germany
“Nanofluids” consists of nanoparticles (typically 1-100 nm in size) dispersed in a base fluid, such as water or
oil. Recently, nanofluids have been studied widely due to the reported anomalous enhancements in their
convective heat transfer properties [1,2] and thermal conductivity [3] as compared to conventional heat transfer
fluids. However, these results are remarkably inconsistent among different research groups. Most of these
contradictions are probably due to poor characterization and stability of the nanofluids and differences or high
measurement uncertainties of the measurement apparatuses. In addition, the analysis of nanofluids is often
incomplete and does not present the overall efficiency of the nanofluids in a realistic manner [4,5].
In this work, thermal conductivity of silver nanofluids is studied with three different measurement methods: CTherm thermal conductivity analyser based on a modified transient source plane technique and a static ring-gap
apparatus (RGA) developed by ILK Dresden. The measurement apparatuses are compared, and the
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measurement principles and errors are evaluated. Silver nanofluids with small particle size (<10 nm) and high
concentration (up to 5000 ppm) are prepared using novel, modified Tollen´s method [6]. Particle sizes, size
distributions and stability of the nanofluids are also studied.
[1] C. Kakac and A. Pramuanjaronekij, Int. J. Heat Mass Transf. 52, 2009, 3187-3196.
[2] A. Meriläinen, A. Seppälä, K. Saari, J. Seitsonen, J. Ruokolainen, S. Puisto, N. Rostedt and T. Ala-Nissila,
Int. J. Heat Mass Transf. 61, 2013 439-448
[3] J.A. Eastman, S.U.S Choi, S. Li, W. Yu and L.J. Thompson, Appl. Phys. Lett. 78, 2001, 718-720.
[4] S. Feja and M. Buschmann, WIT Transactions on Engineering Sciences, 75, 2012, 195-205.
[5] V. Mikkola, S. Puupponen, H. Granbohm, K. Saari, T. Ala-Nissila and A. Seppälä, Proceedings of HEFAT
2016, Malaga, Spain, 743-750
[6] S. Puupponen, H. Granbohm, E. Haimi, Y. Ge, T. Ala-Nissila and A. Seppälä, Proceedings of HEFAT 2016,
Malaga, Spain, 1700-1706.

ENR-110
A ceramic nanocomposite fuel cell model for studying internal phenomena in a fuel cell
R. Jokiranta1, M.I. Asghar1, P. Lund1
1New

Energy Technologies Group, Department of Applied Physics, Aalto University, P.O. Box 15100, FI-00076
Aalto, Finland.
All the complex phenomena and processes in fuel cells are not yet fully understood. For example the
degradation processes affecting fuel cell performance are still somewhat unclear and there are some stability
problems with the cells. These phenomena need to be studied in detail to enable better performance and
durability of fuel cells. Fuel cell modelling is a valuable tool for understanding the electrochemical reactions
and internal phenomena of fuel cells. With the help of modelling and validating the model with experimental
data, new technologies can be developed and fuel cell operating conditions can be optimized.
A general 2D fuel cell model was created with COMSOL Multiphysics ® to simulate the behavior of an
operational fuel cell. The model includes ion and electron transport, reaction kinetics, gas diffusion and thermal
considerations at a moderate level of accuracy. In addition, a simplified engineering model with fundamental
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equations was created for comparison. In the future, the 2D model will be developed further to account for
degradation phenomena, temperature dependencies of the parameters and the composite nature of the
electrolytes. Experimental data will also be gathered for use in validating the model and developing it further.

ENR-113
Molecule -Based Materials From 1 Dimension to 2 Dimension Nanostructures
Y. Li
CAS Key Laboratory of Organic Solid, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190, P.
R. China
Molecule based materials nanoarchitectures have been employed as important nanoscale building blocks for
advanced materials and smart miniature devices to fulfil the increasing needs of high materials usage efficiency.
Different dimension Molecule based materials based nanoarchitectures, especially low dimension
nanostructures, attract significant attention due to its fascinating controlled structure and functionality-easy
tailoring with excellent semi-conductive properties and stability. In this report, we discuss the some molecule
based materials self-assembled oriented functional nanoarchitectures by coordinated inducing. The molecular
material building blocks, aggregate structures and their properties in optical, electrical and photoelectrical
properties were shown.
[1] Y. Li, Z. Jia, S. Xiao, H. Liu, and Y. Li, Nat. Commun., 7, 11637(2016).
[2] Y. Li, L. Xu, H. Liu, and Y. Li, Chem. Soc. Rev., 43, 2572(2014).
[3] Y. Li, T. Liu, H. Liu, M. Tian, and Y. Li, Acc. Chem. Res., 47, 1186(2014).
[4] Y. Guo, L. Xu, H. Liu, Y. Li, C. Che, and Y. Li, Adv. Mater., 27, 985(2015).
[5] H. Liu, J. Xu, Y. Li, and Y. Li, Acc. Chem. Res., 43, 1496(2010).
[6] H. Zheng, Y. Li, H. Liu, X. Yin, and Y. Li, Chem. Soc. Rev., 40, 4506(2011).
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ENR-115
Effect of Ethylene Oxide Unit Number on Thickness and Ionic Conductivity of Ionic-based Polymer
Electrolytes
Kyung-Ho Bae, Ohsub Kim, Quoc Chinh Tran, Ho-Suk Choi
Chungnam National University, 220 Gung-Dong, Yuseong-Gu, Daejeon 305-764, Republic of Korea
Ethylene oxide (EO) unit of the Triton X family is critical for the surfactant-assisted polymerization of the ionic
liquid-based polymer electrolytes film at the plasma-liquid interface. This unit employed as an assisted-cross
linking agent for the liquid plasma polymerization while ionic liquids are used as building blocks. The
relationship between number of the EO unit and thickness and ionic conductivity of the ionic-based polymer
electrolyte film was examined. Three different types of the Triton X were used as Triton X100, Triton X405 and
Triton X705 with the number of EO unit of 9, 35 and 55, respectively. The thickness of the films increased from
1.94 µm to 8.24 µm at the same Triton X molar content of 6% in liquid mixture when the number of the EO
unit increased from 9 to 55, respectively. The ionic conductivity of the obtaine polymer electrolytes increased
with increasing of the number of the EO unit. This unit plays a decisive role in the growth in thickness and the
increase in ionic conductivity of the polymer electrolyes beside the critical role as an cross-linking agent for the
the liquid plasma polymerization.

ENR-116
Simple one-pot Aqueous Synthesis of PtMo Sponge-like Nanoporous/Ultrathin N,S-Co-doped Carbon Dot
Enhanced Electrocatalytic Activity for Hydrogen Evolution Reaction and Oxygen Reduction Reaction
Van-Toan Nguyen, Ho-Suk Choi
Chungnam National University, 220 Gung-Dong, Yuseong-Gu, Daejeon 305-764, Republic of Korea.
A simple one-pot aqueous method is proposed to synthesize PtMo sponge-like nanoporous wrapped with
ultrathin nitrogen and sulfur co-doped carbon dots by using NaBH4 as the reductant without any surfactants.
The materials are carefully investigated by microscopic (SEM, TEM), spectroscopic (high resolution
photoemission, Raman spectroscopy) techniques, evidencing that N,S-co-doped Cdot wraps PtMo sponge-like
nanoporous. The electrocatalytic activity of the material is test toward the electrochemical evolution of
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hydrogen and the electrochemical reduction of oxygen. The obtained N,S-co-doped Cdot/PtMo nanohybrids
display enlarged electrochemically active surface area and superior electrocatalytic performances toward
hydrogen evolution reaction (HER) and oxygen reduction reaction with respect to single PtMo and c-Pt/C
catalysts, exhibiting promising applications in energy storage and conversion.

ENR-117
Polyhedral Gold Nanocrystals/Polyelectrolyte Composite Film: One-Pot Synthesis via Interfacial Liquid
Plasma Polymerization
Quoc Chinh Tran, Ho-Suk Choi
Chungnam National University, 220 Gung-Dong, Yuseong-Gu, Daejeon 305-764, Republic of Korea
In contrast with the conventional in situ and ex situ methods for the preparation of polymer-based
nanocomposites in which the polymer matrix (for both methods) and metal nanoparticles (for the ex situ method
only) are prepared separately prior to being combined to form the composite, polyhedral gold
nanocrystal/polymer composite film was successfully synthesized through combining the in situ formation of
gold nanocrystals (AuNCs) and simultaneous polymerization of the polyelectrolytes from ionic liquids and
surfactants under atmospheric pressure plasma. The composite film contained a large number of well-shaped
AuNCs. The AuNCs are stereoscopically distributed in the polyelectrolyte matrix without agglomeration. Both
the size and shape of the AuNCs were controlled through changing the plasma exposure time. The size of the
AuNCs prepared in a 2 mm deep reactor decreased along the cross section of the composite film from top to
bottom, while they were uniform in size when they were prepared in a 5 mm deep reactor. In the presence of the
Au precursors, the polymer film thickness increases to 7.03 µm, which is two-fold thicker than that of the
polymer film prepared without adding Au precursors. Through the density functional theory (DFT) calculations,
the critical role of Triton X100 was clearly demonstrated in the formation of the well-shaped AuNCs. Based on
the experimental and theoretical results, an appropriate mechanism is proposed for the formation of the
polyhedral AuNC/polyelectrolyte composite film.
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ENR-118
Pt-coated cylindrical micropatterned honeycomb Petri dishes as an efficient TCO-free counter electrode
in liquid junction photovoltaic devices
Van-Tien Bui, Van-Duong Dao, Ho-Suk Choi
Chungnam National University, 220 Gung-Dong, Yuseong-Gu, Daejeon 305-764, Republic of Korea
The Pt layer deposited on a cylindrical micropore patterned Petri dish, which is prepared using one-step solventimmersion phase separation, is fabricated for the first time as an FTO-free counter electrode (CE) for dyesensitized solar cells (DSCs). The surface topology of the honeycomb Petri dish is controlled effectively
through varying the experimental conditions; notably, the obtained porous structure is part of the substrate,
which reveals an increase in the structure’s stability for the fabrication of devices. Due to the high specific
active surface area of the Pt-deposited honeycomb substrate CE, the efficiency of the DSC using the developed
CE substrate is enhanced by 14.5% compared with the device using a Pt-sputtered flat substrate. This design
strategy has potential in fabricating highly efficient and low-cost CE materials with FTO-free substrates for
DSCs and flexible DSCs.

ENR-120
Single-walled carbon nanotubes decorated with platinum nanoparticles electrocatalysing hydrogen
evolution and oxidation
T. Rajala1, T. Kallio1
1Aalto University School Chemical Engineering, P.O. Box 16100, FI-00076 AALTO, Finland
Current technologies for converting and storing energy in hydrogen rely heavily on scarce and costly platinum.
To enable large-scale deployment of polymer electrolyte fuel cells (PEFCs) and electrolysers, it appears
imperative to minimise the exploitation of precious metals, especially in the long term. In fact, global demand
for platinum already outstrips supply.[1] Another key hindrance of state-of-the-art PEFCs is the degradation of
catalyst support.[2] To address these issues, we have developed a simple synthesis for depositing less than 10
μg/cm2 of platinum on single-walled carbon nanotubes (SWNTs), exhibiting promising activity for hydrogen
oxidation and evolution. Carbon nanotubes provide higher conductivity and electrochemical durability[3],[4]
and allow lower platinum loadings[5] in PEFCs than the common standard carbon black.
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The electrochemical activity of Pt-SWNT was verified in RDE experiments for hydrogen evolution and
oxidation. The feasibility of a PEFC employing Pt-SWNT at the anode has been demonstrated. Platinum
nanoparticle size and the extent of dispersion will be analysed by XRD, XPS, and HR-TEM.
[1] https://www.platinuminvestment.com/files/546122/WPIC_Platinum_Quarterly_Q4_2016.pdf
[2] Y. Shao, et al., J. Power Sources, 171, 558 (2007).
[3] Y. Shao, et al., Electrochim. Acta, 51, 5853 (2006).
[4] X. Wang, et al., J. Power Sources, 158, 154 (2006).
[5] T. Matsumoto, et al., Chem. Commun., 7, 840 (2004).

ENR-121
A facile method to synthesize TiO2/Graphene- metal nanocomposites via microwave irradiation (MWI)
technique for solar energy harvesting
K. M. Abu-Salah1, E. H. Alsharaeh2, A. Soliman2 and S. M. Alfadul3
1King

Abdullah International Medical Research Center, Department of Nanomedicine, King Abdulaziz Medical
City, National Guard Health Affairs, PO Box 22490, Riyadh 11462, Saudi Arabia,
2Alfaisal University, Department of Chemistry, PO Box 50927, Riyadh 11533, Saudi Arabia
3King Abdulaziz City for Science and Technology, PO Box 6086, Riyadh 11442, Saudi Arabia
Solar energy harvesting is considered one of the most promising clean alternative energy resources. Dye
Sensitized solar cells based on TiO2 has been extensively studied in the last two decades. With the excellent
thermal and electrical properties of graphene and plasmonic properties of metal nanoparticles, nanocomposites
based on the aforementioned materials will be excellent candidates for solar energy harvesting. In this work,
we are reporting a facile method of preparing photoactive materials based on TiO2/Graphene/Agl
nanocomposites via microwave irradiation (MWI). The nanocomposites were characterized via XRD, TEM,
XPS, UV-visible spectroscopy, FT-IR, and Raman spectroscopy. The thermal stability of the prepared
nanocomposites were tested by the thermal gravimetric analysis technique (TGA). The results show that we
have the most active phase of TiO2, the anatase, with no other phases of TiO2. The materials also were tested
for photo-degradation of MB dye, and phenols in both the UV and Visible spectra respectively and shows
excellent photo-degradation (100% in 4 hours for the MB and 70% in 3 hours for the phenol). The prepared
nanocomposites were tested as active materials in Dye-Sensitized Solar Cells DSSCs.
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ENR-122
Bottom-Up Constructing N-doped Graphdiyne for High-Performance Supercapacitors
Z.C. Zuo1, Y. J. Li1, H. B. Liu1, Y. L. Li1
1

CAS Key Laboratory of Organic Solids, Beijing National Laboratory for Molecular Science (BNLMS),

Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190, P. R. China

A superfast buttom-up method is developed for constructing well-defined N-doped graphdiyne (GDYs) with
controllable porous structure. Via our solvent- and metal-catalyst-free method, three diverse GDY monomers
designed here are high-efficiently polymerized into GDYs nanostructures. Through monomer pre-design, the
nitrogen-configuration and content in the GDYs are unanimously controlled, with the N-content high up to 16
%, meanwhile, the bandgap and porous structure is efficiently tuned. The as-obtained GDYs nanostructure have
a high surface area up to 1150 m2/g and high conductivity up to 20 S/m, which are both preferred for the
electrochemical applications. Notably, additional with the flexible nanochain-like structures, GDYs exhibit
outstanding 3D contineousness for forming the electronic transfer network in the applications. Thus, the
supercapacitors based on GDYs show remarkable performance in delivering a high energy density (30 Wh/kg)
and power density (310 kW/kg). Besides, this method for high-efficiently preparing GDY is paving the way for
constructing on-demond GDY structure for chanllenging some intractable problems in green energy, such as Liion battery, Li-S battery, fuel cell, and so on.
[1] Z. Jia, Z. Zuo, Y. Yi, H. Liu, D. Li, Y. Li, Y. Li, Nano Energy 33, 343, (2017).
[2] Z. Zuo, T. Y. Kim, I. Kholmanov, H. Li, H. Chou, Y. Li, Small 11, 4922, (2015).
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Microscopic techniques as a tool to investigate ceramic nanocomposite fuel cells
S. V. Jouttijärvi1, M. I. Asghar1, P. D. Lund1
1New

Energy Technologies Group, Department of Applied Physics, Aalto University, P.O. Box 15100, FI-00076
Aalto, Finland.
Ceramic nanocomposite fuel cells are potential energy sources for the future applications [1]. Due to complex
microscale structures of these devices, advanced microscopic techniques are needed to reveal the fundamental
factors behind the macroscopic performance. This work reviews different microscopic techniques that have
been used in ceramic nanocomposite fuel cell studies. The review starts from 2D techniques (SEM, TEM) [2],

discussing about their applications and parameters that can be defined. Then the focus is moved on 3D
techniques (FIB-SEM, X-ray nanotomography) [3], which allow characterizing crucial parameters (triple phase
boundary length, porosity, tortuosity etc.) that are not possible to study with 2D techniques. Finally, linking the
microscopic structure and macroscopic performance is discussed.
[1] M.I. Asghar, P.D. Lund, Improving catalyst stability in nano-structured solar and fuel cells, Catalyst Today,
259 (2016) 259–265.
[2] M. I. Asghar, S. Lepikko, J. Patakangas, J. Halme, P. D. Lund, Frontier of Chemical Science and
Engineering, (2017).
[3] G. J. Nelson, W. M. Harris, J. J. Lombardo, J. R. Izzo Jr., W. K. S. Chiu, P. Tanasini, M. Cantoni, J. Van
herle, C. Comninellis, J. C. Andrews, Y. Liu, P. Pianetta, Yong S. Chu, Electrochemistry Communications 13
(2011) 586–589
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Fabrication of advanced nanocomposite fuel cells using screen printing
S. V. Jouttijärvi1, M. I. Asghar1, P. D. Lund1
1New

Energy Technologies Group, Department of Applied Physics, Aalto University, P.O. Box 15100, FI-00076
Aalto, Finland.
Solid oxide fuel cells (SOFCs) are a promising energy source for future applications [1]. For commercial

purposes, SOFCs with low operating temperature and easily scalable manufacturing process are required.
Screen printing is one possible technique to deposit SOFC components on a substrate due to its ability to
deposit very thin layers, thus decreasing the area specific resistance of the cell [2]. In this study, electrolyte inks
consisting of doped cerium oxide and terpineol-based vehicle are deposited on anode pellets. The effect of ink
composition and printing procedure to the half-cell performance is discussed with help of IV- and EISmeasurements in temperature range of 400 – 600 ⁰C. Moreover, possibility to add molten carbonates to
electrolyte to lower the operation temperature is investigated.
[1] M.I. Asghar, P.D. Lund, Improving catalyst stability in nano-structured solar and fuel cells, Catalyst Today,
259 (2016) 259–265.
[2] Y. Zhang, X. Huang, Z. Lu, Z. Liu, X. Ge, J. Xu, X. Xin, X. Sha, W. Su, Journal of Power Sources 160
(2006) 1217–1220

ENR-125
Analysis of potential materials for single components fuel cells
Monica Lin, Muhammad Imran Asghar, Peter D. Lund
(1) New Energy Technologies Group, Department of Applied Physics, School of Science, Aalto University, P. O.
Box 15100, FI-00076, Finland.
Single component fuel cell is a new promising technology consisting of one-layer nanocomposite mixture
instead of a traditional three-layer anode-electrolyte-cathode structure. The advantages from this new
technology are the lower fabrication cost and the simplification of the system. In this work, different potential
mixtures of semiconductors and ionic conductor are utilised. As semiconductors, perovskite structure material
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Lanthanum-Strontium-Cobalt-Ferrite (LSCF) is adopted for its capability of mixed ionic-electronic transport.
Then, it is compared with a non-perovskite structure material Nickel-Cobalt-Aluminium-Lithium (NCAL),
which has an excellent electronic conductivity, but, lower ionic conductivity. Gadolinium -doped Ceria (GDC)
is used as an ionic conductor due to its sufficient ionic conductivity at relative low temperature of 550 °C. The
unknown working mechanism has been deeply analysed by current-voltage measurements, electrochemical
impedance spectroscopy, electromotive force measurements, high temperature X-diffraction and scanning
electron microscopy. The main focus of this work is to develop better understanding of mechanisms involved in
the reaction kinetics and ion transport, which would contribute in improving performance and stability of the
device. In addition, preliminary device modelling is performed using Comsol software.

ENR-127
Analysis of Cell Life and Performance of Molten Carbonate Fuel Cells with Li-Na and Li-K Carbonate
Electrolytes
K.J. Lee, Y.J. Kim, C.G. Lee✻
Department of Chemical and Biological Engineering, Hanbat National University, 125 Dongseodaero,
Yuseong-gu, Daejeon, Republic of Korea
This work has been focused on the effect of Li-K carbonate and Li-Na carbonate electrolytes in a molten
carbonate fuel cell. A coin type molten carbonate fuel cell was used in this experiment. All the cells were
operated at 923 K and 1 atm with 300 mA/cm2 of current density. The analysis of cell performance were carried
out with steady state polarization and AC impedance methods. After operation, the cell was dissolved in 10
wt% acetic acid solution and the remaining amount of electrolyte was analyzed.
As a result, it was found that the cell using Li-Na electrolyte had slightly higher voltage at the polarization state
than the cell using Li-K electrolyte, but the cell life of Li-Na electrolyte was shorter than that of Li-K
electrolyte. This implies that the cell with Li-Na carbonates would have faster electrolyte loss rate than that with
Li-K carbonates. The results of impedance also showed that internal resistance and reaction resistance of all
cells increased with time. It was probably due to the electrolyte loss in the cells.
In order to find the relationship between electrolyte loss and cell life, remaining electrolyte amount has been
estimated by weight reduction ratio of components using the 10 wt% acetic acid. Since the acetic acid only
dissolves carbonates, the weight reduction of the components should have relation to the remaining carbonate
electrolyte in the cell. Both cells showed about 20% of electrolyte reduction when the cell had significantly
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large internal resistance. Thus it can be concluded that a permissible range of electrolyte loss is very narrow of
ca. 20%.

ENR-129
A novel composite cathode material containing natural nanomineral material for solid oxide fuel cell
Z. Xiufang 1, Z. Linzhi2, T. Wenyi3
1Jiangsu

Provincial Engineering Laboratory for Advanced Materials of Salt Chemical Industry, Jiangsu

Collaborative Innovation Center for Rock Salt and Concave Soil Resources Deep Utilization, Huaiyin Institute
of Technology, Huaian, 223003, China.
2

School of Environment and Chemical Engineering, Jiangsu University of Science and Technology, Zhenjiang,

212205, China.
3Department

of Environment Engineering, Nanjing Institute of Technology, Nanjing 211167, China.

Natural nanomineral material, attapulgite clay, was chosen to prepare novel composite SOFC cathode materials
Pr0.7Sr0.3Cr0.5Fe0.5O3-δ/attapulgite clay, due to its nano-scaled internal channel and large specific surface area[1,2].
Pr0.7Sr0.3Cr0.5Fe0.5O3-δ prepared by citrate-EDTA method was successfully loaded on the natural nanomineral
substrate. XRD, BET and SEM were applied to analyze the characteristics of the cathode materials. The
conductivities of Pr0.7Sr0.3Cr0.5Fe0.5O3-δ/attapulgite clay and pure Pr0.7Sr0.3Cr0.5Fe0.5O3-δ were compared by fourprobe method in air, in order to evaluate the effect of attapulgite clay on the conductivity. The SOFC
performances at 700-800oC were also tested when H2 and ambient air were fed into anode and cathode,
respectively.
References
[1] L.F. Chen, H. W. Liang and Y. Liu, et.al., Langmuir, 27, 8998 (2011).
[2] J. L. Cao, G. S. Shao and Y. Wang, et al., Catal. Comm., 9,2555(2008).
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A novel method to prepare Pt-Au alloy and its electrochemical performance as oxygen reduction reaction
catalyst in alkaline solution
Yali Li, Chuanxin He
College of Chemistry and Environmental Engineering, Shenzhen University, Shenzhen 518060, Guangdong, P.
R. China
Fine tuning of the properties such as particle size, shape, and composition through controlled synthesis of alloy
nanomaterials represents a robust approach toward more sophisticated catalysts with enhanced activity,
selectivity, and durability [1]. In this work, we report a novel method to prepare highly active Pt/Au nano
alloy/composite as electro-catalyst for oxygen reduction reaction (ORR). The Pt-Au alloy or composite was
formed on monodispersed spherical SiO2 nano particle with a carbon interlayer derived from polydopamine
hydrochloride (PDA) to form SiO2@C@Pt/Au nanocomposite. High active interface of Pt and Au and alloy are
formed by simply adjusting the sintering temperature. The electrochemical performance of SiO2@C@Pt/Au
was carefully investigated and compared with single metal electro catalyst. It is found that the grain size of the
Pt-Au nanoparticle increases with the increase of applied temperature and period while composite material
calcined at 600 oC gave the best performance over other samples. The high resolution TEM images showed the
partial fusion of Pt and Au with the largest metal/metal interface provides the best performance of the target
reaction. It is the first time, to our best knowledge, to discover such a relationship between metal
alloy/composite activity with the interface microstructure.
[1] C. Chiu, C.-K. Chen, C.-W. Chang, U. S. Jeng, C.-S. Tan, C.-W. Yang, L.-J. Chen, T.-J. Yen, M. H.
Huang, J. Am. Chem. Soc., 137, 2265 (2015).
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Durability of advanced structured ceramic solar absorbers for high temperature operation.
E. Ollier, N. Dunoyer, O. Dellea, G. Lorin
Institute of New Energy Technologies and Nanomaterials LITEN. French Alternative Energies and Atomic
Energy Commission CEA, 17 rue des martyrs, 38054 Grenoble Cedex 9, France.
In the field of solar energy harvesting, concentrated solar power (CSP) is facing major material challenges
linked to the need to increase the operating temperatures for a better thermal to electrical conversion efficiency.
One of the critical material is the solar absorber which absorbs most of the incident concentrated solar radiation.
This surface material must have excellent optical properties with a very low reflectance to insure more than
95% absorption of the solar spectrum. In addition, its durability is a key contributor of the cost of electricity.
Most of the CSP parabolic through plants operate below 450°C. Current materials usually consist in deposited
interferential thin films or cermet materials [1, 2] suitable only for moderate temperatures (<580°C) and under
vacuum [3].
This work will present a new type of solar absorber material suitable for very high temperature operation in air.
It is based on the microstructuration of silicon carbide based materials to take advantage of their high thermal
and chemical stability. The manufacturing process is based on the etching of the surface through a selforganized masking layer of particles. The morphology of the surface will be presented as well as the optical
characterization of the solar absorption based of reflectance measurements. The durability results will
demonstrate the ability of this structured material to be used at very high temperatures, especially in air. The
work will present the evolution of optical properties as a function of the base material type (sintered SiC or
biomorphic SiSiC), of the structuration pattern (random, periodic), of the structuration size (from 0.2 to 1.5
micrometer) and of the aging temperature, up to 1200°C. The results will show that the solar absorption
achieves values up to 95 to 98% and that excellent solar absorption properties are maintained for more than
500h at 1000°C in accelerated tests in air. Morphology observations by scanning electron microscopy will be
used to explain the impact of aging on the different structure types. This novel functional material opens the
way to new durable solar absorbers for very high solar concentrations and temperatures, both for conventional
CSP technologies that need to operate at higher temperatures and also for emerging high concentration
centralized receivers or Solar Thermophotovoltaics (STPV).
[1] N. Selvakumar, H.C. Barshilia, Sol. Energy Mater. Sol. Cells 98, 1 (2012).
[2] F. Cao, K. M. Enaney, G. Chen and Z. Ren, Energy Environ. Sci. 7, no. 5, 1615 (2014).
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[3] K. Zhang, L. Hao, M. Du, J. Mi, J. N. Wang, J. P. Meng, Renewable and Sustainable Energy Reviews, 67,
1282 (2017).

ENR-134
About complex refractive index of black Si and standard porous Si
Emil Pincik1*, Hikaru Kobayashi2, Milan Mikula3, Zuzana Zabudla4, Pavel Vojtek4, Robert Brunner1,
and Jan Gregus4
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The paper deals with the complex refractive index in the NIR-VIS light region of following three types of
samples i) as prepared black silicon, ii) thermally oxidized black silicon (BSi) nano-crystalline specimens
produced both by the surface structure chemical transfer method using catalytic Ag evaporated spots (as
prepared sample) and by the catalytic Pt catalytic mesh (thermally oxidized sample), and iii) standard porous Si
prepared electrochemically. We present, compare, and discuss the values of the NIR-VIS complex refractive
index obtained by calculation using the Kramers-Kronig transformation. Results indicate that small differences
between optical properties of as prepared black Si, thermally oxidized BSi and standard porous Si are given by
i) passivation oxidation procedure, ii) thickness of the formed black Si layer, mainly, not by utilization of
different catalytic metals, and by iii) thickness of standard porous films. Contamination of the surface by
different catalytic metals contributes almost equally to the calculated values of the corresponding complex
refractive index. Calculated values of complex refractive index of standard porous Si structures are in more
cases modified by interference phenomena. More additional optical and microscopic techniques will be used for
confirmation of results obtained by Kramers-Kronig transformation.
Acknowledgements : Following Slovakian grant agencies: APVV – project No.0152/15 and VEGA – projects
Nos.2/0076/15, 1/0900/16 partly financially supported this contribution.
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Enhanced Electrical Conductivity of the Carbon Coils by Surface Modification
D.-C. Kim and S.-H. Kim
Silla University, Busan, 46958 KOREA.
Free-standing carbon nancoils or carbon microcoils were obtained using C2H2 as the source gas and SF6 as the
additive gas in a Ni-catalyzed thermal chemical vapor deposition system. Surface modification of the freestanding carbon coils was performed by H2-plasma or Ar-plasma in a microwave plasma enhanced chemical
vapor deposition system. The measurement of the electrical conductivity was carried out using four-point probe
system in the measuring temperature range of 20~200oC. Indeed, the ambient state of the electrical conductivity
measurement was varied as vacuum, H2 gas or Ar gas condition at every measuring sample. In general, samples
show the decreased-resistivity with increasing the measuring temperature, indicating the semiconductor
characteristics for the carbon coils and surface-modified carbon coils like the characteristics of multi-walled
carbon nanotubes [1, 2]. Among the various carbon coils, H2-plasma treated carbon microcoils gave rise to the
most high surface electrical conductivity in the measuring temperature range of 20~200oC. It is understood that
the electron-conducting channels might be enhanced by H2-plasma treatment on the surface of the carbon coils.
H2-ambient condition also results in the enhancement of the surface electrical conductivity of the sample,
compared with the other ambient state. Ar-ambient condition of the carbon coils seemed to stabilize the values
of the electrical conductivities. Based on these results, the cause for the enhancement of the surface electrical
conductivity of the carbon coils by the surface treatment was suggested and discussed.
[1] R. H. Baughman, A. A. Zakhidov and W. A. de Heer, Science, 297, 787 (2002).
[2] R. A. Hatton, N. P. Blanchard, A. J. Miller and S.R.P. Silva, Physica E., 37, 124 (2007).
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Formation of the Aligned Carbon Microcoils
N.-Y. Lee and S.-H. Kim
Silla University, Busan, 46958 KOREA.
The achievement of the aligned carbon nanomaterials has been one of the most difficult task to overcome [1].
Up to the preset, few studies have been reported for the aligned carbon microcoils except Bajpai’s work [2]. In
this work, the formation of the aligned carbon microcoils could be achieved using C2H2 as the source gas and
CS2 as the additive gas in a Ni-catalyzed chemical vapor deposition system. To achieve the alignment of the
carbon microcoils, C2H2 and CS2 were injected via the different inlet port and then the injecting gas flows of
C2H2 and CS2 were varied, respectively. The well-aligned development of the carbon microcoils could be
achieved at 500sccm for C2H2 flow rate and 15sccm for CS2 flow rate, namely 0.3 for the CS2/C2H2 flow rate
ratio. When CS2 flow rate was varied with maintaining C2H2 flow rate at 500sccm, even the formation of the
carbon microcoils was deteriorated. However, the variation of C2H2 flow rate with maintaining CS2 flow rate at
15sccm could give rise to the formation of the untangled carbon micrcoils without the alignment of the carbon
microcoils. The alignment of the carbon microcoils was not much influenced by Ni catalyst shape and size.
When the total flow rate of the injection gas was increased by inflow of buffer gas (Ar) during the reaction, the
degree of the alignment seemed to be slightly enhanced. Based on these results, we determined the critical
factor to achieve the alignment of the carbon microcoils and discussed the cause for the formation of the aligned
carbon microcoils.
[1] H. Dai, Surf. Sci., 500, 218 (2002).
[2] V. Bajpai, L. Dai and T. Ohashi, J. Am. Chem. Soc., 126, 5070 (2004).
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Further improvement of the unevenness of the edge portion of the coating film after drying by controlling
the evaporation rate of the edge's side surface of the coating liquid film during drying
H. Kagami
Fujita Health University, Toyoake, Aichi, 470-1192, Japan.
The drying of polymer solutions coated on a flat substrate is very important in various industrial applications
such as fabricating flat polymer resist thin films in resist coating process in semiconductor process and so on.
We have proposed and modified a model of the drying process of a polymer solution coated on a flat substrate
for uniform polymer film deposition. And we clarified the dependence of the distribution of polymer molecules
on a flat substrate after drying on various parameters based on the analysis of many numerical simulations of
the model.
However, the mechanism of the drying process in the previous studies does not allow problems with thin films
after drying, such as thickening of the edges and depressions near the edge, to be avoided. We used the model to
control the thickness of a thin film after drying through management of the temperature, evaporation, and
concentration [1]. As a result, we see that the thickening at the edge of the thin film after drying can be
improved through appropriate thermal, evaporative and solute concentration management. In relation to this, the
influence of the temperature distribution during drying on the film thickness distribution after drying was
studied in detail [2].
In this study, in order to further reduce the thickening of the edge of the thin film after drying, we tried to
adequately control the evaporation rate on the side of the liquid film at the edge. As a result, it was found that
appropriate management of the evaporation rate on the side of the liquid film at the edge during drying further
reduces the thickening at the edge after drying.
[1] H. Kagami, Athens Journal of Technology & Engineering, Vol.2, Issue.1, p.45 (2015).
[2] H. Kagami, Nano Energy Systems, Vol.1, Issue.1, p.17 (2017).
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Fuelling the future with fuel cell technologies at the forefront of innovation
A. Goyal1, M. I. Asghar2, P. D. Lund2
1Ressun Lukio IB World School 001419, Kalevankatu 8-10 00100, Helsinki, Finland
2
New Energy Technologies Group, Department of Applied Physics, Aalto University, P.O. Box 15100, FI-00076
Aalto, Finland.
The principle idea of fuel cells is simple – they convert chemical energy into electrical energy; however the
impact that emerging fuel cell technologies can have on the future is anything but minor. They can play an
instrumental role in shaping the future if their true potential is realized. At an era where we are faced with the
challenge of meeting a substantially growing population’s energy needs and unsustainable fossil fuels are still
governing around 85% of the world’s energy production [1], there is an immense need of innovation and
implementation of renewable energy technologies. Major energy sources are swiftly depleting and global
warming has become a serious threat; increased public awareness and collaboration of green technologies is
essential – before it is too late.
Fuel cell technologies are a feasible option to for clean energy generation [2,3], as they consume less raw
materials while generating 2-3 times the energy output. There are several types of fuel cell technologies, which
utilize different kinds of materials, and as a result have different operating temperatures. This work will provide
a comprehensive overview of emerging fuel cell technologies. Their 3D structures will be investigated and
modelled. Furthermore, their working principles will be discussed and their advantages and limitations will be
compared. Finally, potential applications of these emerging fuel cell technologies will be presented. Especial
emphasis will be given on the nanostructured biofuel cells[4].
[1] World Energy Council. World Energy Resources (2016), 27.
[2] M.I. Asghar, P.D. Lund, Improving catalyst stability in nano-structured solar and fuel cells, Catalyst Today,
259 (2016) 259–265.
[3] M. I. Asghar, S. Lepikko, J. Patakangas, J. Halme, P. D. Lund, Comparative analysis of ceramic-carbonate
nanocomposite fuel cells using composite GDC/ NLC electrolyte with different perovskite structured cathode
materials, Frontier of Chemical Science and Engineering, (2017).
[4] C. Zhao, P. Gai, R. Song, Y. Chen, J. Zhang, J. Zhu, Nanostructured material-based biofuel cells: recent
advances and future prospects, Chem. Soc. Rev., 46 (2017), 1545.
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Multifunctional roles of semiconductors in solid oxide fuel cells
W.J. Dong1, X.Q Liu1, Y.Z Tong1, X.Y. Wang1, B.Y. Wang1, B. Zhu1,2
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Lowering the operation temperature of solid oxide fuel cell (SOFC) is a long term object to achieve the
commercialization of SOFC. Searching for high ionic conductors and high catalytic activity electrode materials
is one of the most important issues in low temperature SOFC (LTSOFC). Semiconductors have been widely
investigated in solar cells, water splitting and some other fields. Some semiconductors, such as TiO2, provide
impressive water splitting efficiency due to their high catalytic activity. Water splitting is a reverse reaction of
SOFC. In this regards, we bring semiconductors into the investigation of SOFC. In addition, recent studies have
revealed that the electrode materials of SOFC can be considered as p and n type materials according to their
conductive property in different atmosphere 1. Amphoteric oxide semiconductors have already been used as the
electrode materials in SOFC 2. Besides, defects in semiconductors, such as oxygen vacancies, are expected to
cause ionic conductivity of the semiconductor. However, due to the high electronic conductivity of
semiconductors, they have not yet been used in SOFC as electrolytes. In this study, we intended to explore the
multifunctional roles of semiconductors in LTSOFC in order to develop new LTSOFC materials.
Semiconductors acting as electrolyte layer, electrode layer of SOFC have been investigated.
1.

Singh, K., Nowotny, J. & Thangadurai, V. Amphoteric oxide semiconductors for energy conversion
devices: a tutorial review. Chem. Soc. Rev. 42, 1961-1972 (2013).

2.

Zhou, X., Yan, N., Chuang, K.T. & Luo, J. Progress in La-doped SrTiO3 (LST)-based anode materials
for solid oxide fuel cells. RSC Adv. 4, 118-131 (2014).
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In search for breakthroughs in low-temperature ceramic nanocomposite fuel cells
M. I. Asghar1, S. Jouttijärvi1, R. Jokiranta1, M. Lin1, P. D. Lund1
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A continual improvement in the synthesis of nanocomposite materials have revolutionized the ceramic fuel cells
with improved performance at a lower temperature (400-600oC) [1,2].

With the help of an optimized

composition of electrolyte material, a record high ionic conductivity of 0.55 S/cm has been achieved at 600oC
[3,4]. Furthermore, this improved ionic conductivity of the nanocomposite materials resulted in an improved
fuel cell performance of 1.1 W/cm2 at 550oC [3]. Electrochemical impedance spectroscopy reveals that the
performance of the cells can be further improved by decreasing the ionic transport losses in the electrolyte layer
and efficient reaction kinetics at the electrodes [3]. With the help of modern printing technologies, thin
electrolyte layers of high ionic conductivity nanocomposite materials can be deposited to achieve beyond the
state-of the-art performance. This work focuses on the characterization of the nanocomposite inks developed for
this purpose.

ENR-144
Synthesis of core-shell structures for advanced ceramic nanocomposite fuel cells
E. Hochreiner1, M. I. Asghar1, P. D. Lund1
1New

Energy Technologies Group, Department of Applied Physics, Aalto University, P.O. Box 15100, FI-00076
Aalto, Finland.
Ceramic nanocomposite fuel cell belongs to an emerging fuel cell technology [1,2]. This fuel cell technology

has achieved an outstanding performance of 1.1 W/cm2 at 550oC [3]. It has been found that the synthesis
method of the nanocomposite materials affects the electrochemical performance at the device level. In this
work, several potential synthesis methods are investigated to study their effect on the materials properties. The
nanomaterials produced from different synthesis routes are characterized through various characterization
techniques. Some of the characterization techniques includes X-ray diffraction, High-resolution transmission
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electron microscopy, scanning electron microscopy, energy dispersive spectroscopy and 3D tomography.
Especial emphasis is given to the synthesis of the core-shell structures for ceramic nanocomposite fuel cell
application.
[1]

M.I. Asghar, P.D. Lund, Improving catalyst stability in nano-structured solar and fuel cells, Catalyst

Today, 259 (2016) 259–265.
[2]

M. I. Asghar, S. Lepikko, J. Patakangas, J. Halme, P. D. Lund, Frontier of Chemical Science and

Engineering, (2017).
[3]

M. I. Asghar, M. Heikkilä, P. D. Lund, Advanced low-temperature ceramic nanocomposite fuel cells

using ultra high ionic conductivity electrolytes synthesized through freeze-dried method and solid-route,
Material Today Energy, 2017.
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3D structures for efficient ceramic nanocomposite fuel cells
J. Tavernier1, M. I. Asghar1, P. D. Lund1
1New

Energy Technologies Group, Department of Applied Physics, Aalto University, P.O. Box 15100, FI-00076
Aalto, Finland.

Ceramic nanocomposite fuel cell is an emerging fuel cell technology [1,2]. Their performance has reached an
outstanding power density of 1.1 W/cm2 at 550oC [3]. However, these cells lack long-term stability due to
several degradation issues. In order to improve the durability, it is important to understand the processes in the
fuel cells in more detail. The processes in the fuel cell can be better understood with the help of 3D
characterization and device modelling. In this work, ionic transport in the electrolyte layer is modelled to
investigate the transport mechanisms. Furthermore, the electrode processes including diffusion of gases in the
porous electrodes are modelled in this work. This work will provide an insight to the mechanisms in the fuel
cells.
[1]
M.I. Asghar, P.D. Lund, Improving catalyst stability in nano-structured solar and fuel cells, Catalyst
Today, 259 (2016) 259–265.
[2]
M. I. Asghar, S. Lepikko, J. Patakangas, J. Halme, P. D. Lund, Frontier of Chemical Science and
Engineering, (2017).
[3]
M. I. Asghar, M. Heikkilä, P. D. Lund, Advanced low-temperature ceramic nanocomposite fuel cells
using ultra high ionic conductivity electrolytes synthesized through freeze-dried method and solid-route,
Material Today Energy, 2017.
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Single-electron tunneling as a tool for quantum environment engineering
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Superconducting quantum circuits hold great potential in providing revolutionizing practical applications such
as quantum sensing or computing. For these applications, it is important to initialize the quantum devices very
close to a pure state. Once initialized, the time evolution of the respective quantum states depends strongly on
the effective temperature of the quantum degrees of freedom, which can be controlled by their coupling to the
environment. Here, we present a method for fast circuit initialization and for an in-situ control of the coupling
strength between quantum circuits and the environmental bath. We realize direct cooling of a superconducting
resonator mode using voltage-controllable quantum tunneling of electrons in a nanoscale refrigerator [1]. In
addition to cooling, we use the tunnel junctions to tune the resonator coupling strength to the environment, i.e.,
its internal quality factor by orders of magnitude [2]. We extend this concept to superconducting qubits, where
the tunable environment can be used for fast qubit reset and to study non-Markovian qubit dynamics. Our
highly integrable circuit architecture may prove useful in the initialization of qubit arrays and in dissipationassisted quantum annealing.
[1] K. Y. Tan, M. Partanen, R. E. Lake, J. Govenius, S. Masuda, and M. Möttönen, Nature Commun. 8, 15189
(2017); ibid. arXiv:1606.04728 (2016).
[2] S. Masuda, K. Y. Tan, M. Partanen, R. E. Lake, J. Govenius, M. Silveri, H. Grabert, and M. Möttönen,
arXiv:1612.06822 (2016).
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One of the bottle-necks in fast, low-cost fabrication of dye-sensitized solar cells (DSSCs) has been the slow
soaking process in which the photoactive dye molecules are adsorbed on the TiO2 photoelectrode film. Another
challenge for the commercialization of DSSCs has been to find applications where DSSCs could offer clear
added value over the more efficient and stable conventional photovoltaics. We recently addressed both of these
challenges by demonstrating color-printed DSSCs. Inkjet printing a precise amount of the photovoltaic dye
(“ink”) on the nanocrystalline TiO2 film (“canvas”) allows us to create solar cells in the form of arbitrary color
patterns of desired transparency, mimicking the end-result of conventional color printing. The inkjet-dyed
DSSCs were as efficient and stable as conventional DSSCs dyed with the soaking process, keeping almost 100
% of their conversion efficiency (6.4 ± 0.2 %) and short circuit current density (14.2 ± 0.6 mA cm−2) in a 1000
h accelerated aging test under 1 Sun illumination at 35 °C, followed by additional 1154 hours under 0.5 Sun at
60 °C. This achievement shows a way to overcome one of the main hurdles in realizing fully printed DSSCs
and opens new design avenues for building (BIPV) and product integrated photovoltaics (PIPV), attainable only
with DSSC and other molecular photovoltaics.
[1] S. G. Hashmi, M. Özkan, J. Halme, S.M. Zakeeruddin, J. Paltakari, M. Grätzel and P. D. Lund, Energy &
Environmental Science, 9(7), 2453-2462 (2016)
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P. Mäkinen, J. Halme*
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Finland.
While crystalline silicon solar cell technology provides efficient, reliable, and relatively low-cost solar power
generation at a large scale, other photovoltaic technologies such as thin film, organic, dye-sensitized, and most
recently perovskite solar cells, are looking for market opportunities where their unique features, such as
mechanical flexibility, semi-transparency and a wide range of color options could deliver additional value
compared to the established silicon photovoltaics. Applications of colored and semi-transparent solar cells can
be found for example in building and product integration where the photovoltaic surface doubles as a structural,
architectural or design element. Our color-patterned dye-sensitized solar cells produced by inkjet printing is a
recent example of progress towards this direction [1].
Because the color of a solar cell is created by reflecting or transmitting visible light that the cell would
otherwise absorb and convert to electricity, a colorful or semi-transparent solar cell is always a compromise
between energetic and aesthetic preferences. In this work, we report modeling results that quantify and visualize
the fundamental theoretical efficiency limits of a universal colored, reflective or semi-transparent photovoltaic
surface at given illumination conditions. The theoretical model is aimed as a practical tool to help engineers and
designers navigate the compromise between power generation and aesthetics of photovoltaic cells in multidisciplinary product development projects.
[1] S. G. Hashmi, M. Özkan, J. Halme, S.M. Zakeeruddin, J. Paltakari, M. Grätzel and P. D. Lund, Energy
Environ. Sci., 9, 2453-2462 (2016)
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Flexible Solid-state Supercapacitors of Transition Metal Oxide/Phosphides -Carbon Network with High
Energy and Power Density
John Wang, Guan Cao and Hu Yating
Department of Materials Science and Engineering, National University of Singapore, Singapore 117574

Mechanically flexible and solid-state supercapacitors with high energy density, comparable with those of
rechargeable batteries, and long term device cycling ability (>50 000 cycles) are inevitably required for nextgeneration energy storage devices, such as electrical and hybrid vehicles, and high power operations. The
energy density and overall performance of graphene/carbonaceous material electrodes in supercapacitors can be
effectively engineered by combining with certain metal oxides/hydroxides, phosphides and phosphates. For this
purpose, we have successfully developed a new class of hierarchical graphene/carbon framework, which are
surface decorated with thin layers/nanofibers of transition metal oxides, hydroxides and phosphides and
phosphates, such as MnxO4, NiO, Fe2O3, Ni(OH)2 and Mn-phosphides/Co/Ni-phosphates Taking MnxO4/as an
example, a highly flexible Mn3O4/reduced graphene oxide (rGO) nanohybrid paper with high electrical
conductivity and high mass loading of metal oxide nanofibers can be developed via a facile gel formation and
subsequent electrochemical reduction. When assembled with reduced rGO paper/carbon network, some of these
oxides/phosphides and phosphates give rise to flexible ASC devices with remarkable electrochemical
performance, not far away from those of the state of the art rechargeable batteries. In this talk, several new
hierarchical structures, developed by hydrothermal, CVD, ALD and electrochemical depositions, are
highlighted for their formation, performance as well as the operating principles behind.

ENR-153
High performance and stable carbon based fully printed perovskite solar cell technology
Syed Ghufran Hashmi a*, David Martineau b, Shaik Mohammad Zakeeruddin c, Michael Gratzel c.
a) New Energy Technologies Group, Department of Applied Physics, Aalto University, P.O. BOX 15100, FI00076 Aalto (Espoo), Finland.
b) Solaronix SA, Rue de l' Ouriette 129, 1170 Aubonne, Switzerland.
c) Laboratory of Photonics and Interfaces, Ecole Polytechnique Federale de Lausanne (EPFL), CH G1 551,
Station 6, CH-1015 Lausanne, Switzerland.
Organic-Inorganic metal halide perovskite solar cells (PSCs) with efficiencies crossing over 22% with
traditional geometries are the new entrants amongst next generation photovoltaic technologies 1. However, their
expensive active materials, high lead (Pb) wastage along with their long-term performance stability have been
the key challenges for their production at industrial scale 2. Instead of these traditional unstable devices, the
carbon based printed perovskite solar cells (CPSCs) have drawn attention due to their scalable fabrication
methods, abundant availability of their active materials as well as high stability in several environmental
conditions 3-4. In this report, we present our latest results regarding the research and commercial development
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of this promising photovoltaic technology. Through an ongoing academic research project (Cutting edge third
generation advanced photovoltaic devices) we have achieved some promising milestones which includes the
successful replacement of the manual infiltration of the perovskite precursor with automated infiltration via
inkjet printing technology, very promising long term stability (first, under full sun light illumination at 35 °C
and then under 1.5 Sun UV light illumination at 40 °C) and remarkable enhancements in the overall conversion
efficiency for these CPSCs. These achievements indicate that the unique CPSCs technology could potentially
provide a realistic pathway to produce electricity at affordable cost and the future progress might lead to quick
commercial success compared to other next generation PV technologies.
[1]
S. G. Hashmi, D. Martineau, X. Li, M. Ozkan, A. Tiihonen, M. I. Dar, T. Sarikka, S. M. Zakeeruddin, J.
Paltakari, P. D. Lund, Michael Grätzel, Air processed inkjet infiltrated carbon based printed perovskite solar
cells with high stability and reproducibility, Advanced Materials Technologies, 2016, 1600183, 1-6.
[2]
S. G. Hashmi, A. Tiihonen, D. Martineau, Merve Ozkan, Paola Vivo, Kimmo Kaunisto,Vainio Ulla, S.
M. Zakeeruddin, M. Grätzel, Long term stability of air processed inkjet infiltrated carbon-based printed
perovskite solar cells in ultra-violet light soaking J. Mater. Chem. A, 2017, 5, 4797-4802.
[3]

https://www.solaronix.com/news/solaronix-achieves-major-breakthrough-toward-perovskite-solar-cell-

industrialization/
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Analysis of perovskite-ceria functional layer-based electrolyte-layer free fuel cell
Muhammad Afzal, Chen Xia, Bin Zhu
Department of Energy Technology, KTH Royal Institute of Technology, SE-100 44 Stockholm, Sweden
An electrolyte-layer free fuel cell (EFFC) based on a functional layer of perovskite Ba0.5Sr0.5Co0.8Fe0.2O3-δ
(BSCF) composited samarium doped ceria (SDC) has been developed. The device achieves a peak power
density of 640 mW cm-2 with an open circuit voltage (OCV) of 1.04 V at 560 ⁰C using hydrogen and air as the
fuel and oxidant, respectively. A numerical model is applied to fit the experimental cell voltage. The kinetics of
anodic and cathodic reactions are modeled based on the measurements obtained by electrochemical impedance
spectroscopy (EIS). Modeling results are in well agreement with the experimental data. Mechanical stability of
the cell is also examined by using analysis with field emission scanning electron microscope (FESEM)
associated with energy dispersive spectroscopy (EDS) after testing the cell performance.
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Solid Oxide Fuel Cells Using Doped CeO2/SrTiO3 Heterostructure Membrane with Strongly Enhanced
Conductivity
C. Xia1, B. Wang2, B. Zhu*1,2
1Department
2
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Since colossal ionic conductivity in 2D planar heterostructure was demonstrated, such as Y2O3-stabilized
ZrO2/SrTiO3 (YSZ/STO) heterostructure [1,2], tremendous efforts have been contributed to this topic even
though there has been much debate surrounding it. In this work, we made the first attempt to apply a new 3D
heterostructured material doped CeO2/SrTiO3 replacing the conventional YSZ electrolyte layer into low
temperature solid oxide fuel cells (LT-SOFCs). As a consequence, the cells demonstrated stable lowtemperature operation and high power outputs, with 900 mW/cm2 at 550 oC achieved

by Sm-doped

CeO2/SrTiO3 (SDC/STO) cell and above 800 mW/cm2 at the same temperature by Gd-doped CeO2/SrTiO3
(GDC/STO) cell. Through investigation on the two materials from nanostructure and electrochemical
perspectives, the extraordinary cell performances can be primarily attributed to the strongly improved ionic
conduction of the material at heterophasic interface in the 3D heterostructure. This is the first study to realize
greatly enhanced ionic conductivity in such heterostructure system, it brought about some new understanding
on heterostuctured materials for LT-SOFC applications.
[1] J. Garcia-Barriocanal, A. Rivera-Calzada, M. Varela, et al. Science, 321, 676 (2008).
[2] S.M. Yang, S. Lee, J. Jian, et al. Nature Communications, 6, (2015).
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CeO2 nanorods (NRs) have been used as a novel photocatalyst for solar energy conversion. Hereby we report
the CeO2 NRs for advanced fuel cell applications. The CeO2 NRs were synthesized by a hydrothermal approach,
which showed the as-synthesized NRs with a length between 20 to 50 nm with a fluorite cubic structure. Under
the optimized preparation conditions, the CeO2 NRs showed the Brunauer-Emmett-Teller specific surface areas
(65.26 m2/g), pore size (7.0 nm), and high surface oxygen vacancies. The CeO2 NRs were applied for advanced
fuel cells, and achieved 547 mW cm−2 at 550 ºC. These results demonstrate that CeO2 NRs with idea surface
properties can be applied as a promising ionic conductor for the electrolyte and advanced SOFCs.

[1] Lu XH, Zhai T, Cui HN, Shi JY, Xie SL, Huang YY, Liang CL, Tong YX. Redox cycles promoting
photocatalytic hydrogen evolution of CeO2 nanorods. J Mater Chem 2011, 21, 5569-72.
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Mott-transition due to strong electronic correlations in the perovskite SmNiO3 (SNO) has been reported and
applied for high performance fuel cells because there was a proton conducting H-SNO formed by the transition.
Such mechanism has explored a new way to develop advanced solid oxide fuel cells. Our work further reported
a composite system composed by two types of the SNO phase structures formed in situ process. One is the
cubic structure c-SNO and another is orthorhombic structure o-SNO, both are the perovskite-type materials. The
composition dependence between the two structural SNO materials for the electrical properties and fuel cell
performances has been investigated. The total electrical conductivity of the c-SNO and o-SNO composite was
measured by the electrochemical impedance analysis to be 0.25 S/cm at 550 ºC. The enhanced ionic properties
and fuel cell performances, 780 mW/cm2 using the SNO composite as the electrolyte have been achieved in an
intermediate range between the c-SNO and o-SNO phases. This indicates in addition to structural electrical
property, the interfacial ionic conduction between two phases may also play an important role to make
enhanced conductivity resulting in better fuel cell performances. The ionic conduction mechanisms are under
investigation.
[1] Zhou, Y., Guan, X. F., Zhou, H., Ramadoss, K., Adam, S., Liu, H. J., Lee, S., Shi, J., Tsuchiya, M., Fong, D.
D. Ramanathan, S. Strongly correlated perovskite fuel cells. Nature 2016, 534, 231.
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Electrical and electrochemical properties of insulating Sm2O3 and semiconductor NiO
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An emerging phenomenon of ionic conduction and transport in composite materials has been extensively
investigated on ionic composite system. It is very rare to report on this subject between the insulator and
semiconductor composite materials. This work at the first time reports electrical and electrochemical properties
and fuel cell applications for a novel composite between the insulating Sm2O3 and semiconductor NiO based on
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the ionic conduction process. Proton conduction was discovered dominantly in the NiO and especially the
interface between the Sm2O3 and NiO. The composition dependence showed a strong proton conductivity
enhancement in an intermediate composition of the Sm2O3 and NiO composite system. This indicates an
interfacial ionic conducting phenomenon. Electrochemical impedance spectrum measured the total conductivity
of the Sm2O3-NiO 0.31 S/cm at 550 ºC. Applied as the electrolyte the Sm2O3–NiO has successfully
demonstrated more than 0.8 W/cm2 at 550 ºC. An operation time of 40 h with reasonable stability is achieved at
500 ºC under H2/air condition. This work has explored a new methodology and promising technical applications
for new low temperature solid oxide fuel cells.

[1] B. Zhu, L. D. Fan, H. Deng, Y. J. He, M. Afzai, W. J. Dong, A. Yaqub, N. K. Janjua, J. Power Sources
2016, 316, 37.
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Effect of The Source Component Fraction on Quality of The Synthesized PVDF Nanofibers using
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S. Mansouri1, T. Fanaei Sheikholeslami1,2, A. Behzadmehr1,2, A.H. Mahdizadeh Moghaddam1
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High surface area flexible thin films of Polyvinylidene Difluoride (PVDF) nanofibers are vastly applied because
of low cost, simple, safety and environmentally friendly production methods [1]. PVDF nanofibers are
inherently piezoelectric when produced by high voltage electrospinning method [2]. In this paper, PVDF
nanofibers are synthesis in a electrospinning equipment, from a mixed of two solutions, THF (Tetrahydroforan)
and DMF (N,N-Di-Methyl Formamid), which DMF has a higher boiling point than THF. The effect of THF and
DMF fraction and PVDF concentration on the morphology and diameter of the deposited nanofibers are studied.
Field emission scanning electron microscopy analysis of the nanofiber thin films indicate that by adding THF in
the source suspension, smoother and more uniform nanofibers with lower diameter will be result. However, by
more increasing THF ratio, the cone-jet mode formed on the tip of the needle, rapidly dried, before reaching the
collector substrate. Results of the further experiment indicate that decreasing of PVDF concentration in the
deposition source solves the latter problem. On the other hand, by decreasing the THF ratio to DMF, the
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solution cannot well be dried, before collecting by the substrate, which is due to the high melting point of DMF.
The best and uniform nanofibers with the diameter of 200 to 300 nm are obtained from a ratio of 3:1 For
THF:DMF and 10% PVDF concentration. Fabricated nanogenerator shows an output power of 40 µW/m2 when
actuated by a vibration mechanical force with the frequency of 4 Hz.
[1] Z. Li, C. Wang, One-Dimensional Nanostructures, SpringerBriefs in Materials, p. 141, Australia [2013].
[2] F. R. Fan, W. Tang, Z. L. Wang, Advanced Materials, Vol. 28 (22), p. 4283 (2016).
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Perovskite solar cells (PSCs) have proven to be a promising new photovoltaic technology, which potentially
could outshine the conventional silicon-based solar cell technology, as their record efficiencies to date are over
22% [1]. However, before the PSC technology can break into the photovoltaics market, issues related to the
poor reproducibility of the currently used processing methods have to be solved. Our approach is to utilize the
dip coating method [2] or inkjet printing [3] to improve the quality and better understand the functions of the
compact and mesoporous TiO2 layers in PSCs. These layers are important for the selective charge extraction
and for controlling the crystallization of the perovskite layer, respectively. By tuning the sol composition and
the dip coating parameters, uniform TiO2 thin films can be prepared, [2] while further addition of block
copolymers produces well-ordered porous structures. These accurate processing tools have allowed us to study
the influence of the compact TiO2 layer in detail [2] as well as investigating the charge selectivity of similar
layers in organic solar cells [4]. We are also currently working on replacing the conventional particle-based
nanostructured TiO2 layer with an ordered porous layer, which will allow for a better control and easier study of
the perovskite crystallization process.
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[1] http://www.nrel.gov/pv/assets/images/efficiency_chart.jpg (accessed May 15, 2017).
[2] M.T. Masood, C. Weinberger, J. Sarfraz, E. Rosqvist, S. Sandén, O.J. Sandberg, P. Vivo, G. Hashmi, P.D.
Lund, R. Österbacka and J.H. Smått, ACS Appl. Mater. Interfaces, in press, DOI: 10.1021/acsami.7b02868
(2017).
[3] Q. Xu, J.H. Smått, J. Peltonen and P. Ihalainen, J. Mater. Res., 30, 2151 (2015).
[4] O.J. Sandberg, S. Sandén, A. Sundqvist, J.H. Smått and R. Österbacka, Phys. Rev. Lett., 118, 076601
(2017).
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Selective Pore Filling in Bimodal Mesoporous CMK-5 Carbon: Sulphur and SnO2 for Lithium Battery
Electrodes
C. Weinberger, M. Hartmann, S. Ren, T. Wagner, M. Tiemann
University of Paderborn, Paderborn, Warburgerstr. 100, 33098, Germany.
Mesoporous carbon (composite) materials play a prominent role in energy conversion, catalysis or as model
systems for sorption investigation. [1,2] In this study we present novel mesoporous carbon composites [3]
obtained by an optimized nanocasting procedure [3-5] Ordered mesoporous CMK-5 carbon exhibits two distinct
pore systems that can be modified individually. This work demonstrates how one of the pore systems can be
selectively filled with elemental sulphur, while the other pore system remains empty. The resulting sulphurcarbon composite material with high residual porosity can be used as cathode material in lithium-sulphur
battery cells. We present an in-depth investigation of the synthesis and characterization of sulphur-loaded
CMK-5 carbon and compare the results to the preparation of SnO2 nanoparticle-loaded CMK-5 carbon. The
selective deposition of the guest species can be analysed by N2 physisorption and X-ray diffraction, as the type
of guest species strongly affects the X-ray diffraction pattern depending on its scattering contrast compared to
carbon.
[1] X. Ji, K. T. Lee and L. F. Nazar, Nature Mater. 8 (2009) 500-506.
[2] C. Weinberger, X. Cao and M. Tiemann, J. Mater. Chem. A 4 (2016) 18426-18431.
[3] C. Weinberger, M. Hartmann, S. Ren, T. Wagner and M. Tiemann, J. Mater. Chem. A, (2017) under review.
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[4] A.-H. Lu, J.-J. Nitz, M. Comotti, C. Weidenthaler, K. Schlichte, C. W. Lehmann, O. Terasaki and F. Schüth,
J. Am. Chem. Soc. 132 (2010) 14152-14162.
[5] D. Gu, W. Li, F. Wang, H. Bongard, B. Spliethoff, W. Schmidt, C. Weidenthaler, Y. Xia, D. Zhao and F.
Schüth, Angew. Chem. Int. Ed. 54 (2015) 7060-7064.
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Synthesis of Calcium Gadolinium Co-doped Cerium Carbonate Nano-Composite electrolytes for Low
Temperature Solid Oxide Fuel Cells
I. Khan, S. Basu*
Department of Chemical Engineering, Indian Institute of Technology, New Delhi-110016, India.

Doped ceria-carbonates composites are a new class of electrolytes for low temperature solid oxide fuel cells [12]. These show very high ionic conductivity due to fast interfacial transport, previously reported by
Chockalingum et al. [3], 25 wt% (LiNa)2CO3-GDC electrolyte exibited an ionic conductivity of 0.1757 S cm−1
at 550 °C and lowest activation energy of 0.127 eV in the temperature range 550–800 °C. To further improve
the ionic conductivity, a series of calcium gadolinium co-doped cerium oxide, Gd0.2CaxCe0.8-xO2 (x = 0.01 to x
= 0.1) have been synthesised by solgel method. The electrolytes have been physically and electrochemically
characterized with respect to their thermal behaviour, phase, microstructure, elemental analysis and
electrochemical performance using thermogravimetric analysis, X-ray diffraction (XRD), scanning electron
microscopy, Transmission electron microscopy (TEM), Energy-dispersive X-ray spectroscopy and
electrochemical impedance spectroscopy respectively. The particle size of the electrolyte powders synthesized
is in the range of 5-10 nm as observed from the TEM. XRD results of the prepared electrolytes show that the
powders are phase pure with no distortion. The gadolinium calcium co-doped ceria-lithium sodium carbonate
composite electrolytes exhibit high conductivity, as it combines both the advantages of co-doping and the
composite effect. Among all co-doped composite electrolyte prepared, 25% (LiNa)2CO3-Gd0.2Ca0.05Ce0.75O2
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composite electrolytes shows the maximum conductivity of 0.3 Scm-1 (650°C). Co-doped composite electrolytes
show higher conductivity and stability due to the presence of calcium than the previously investigated
composite electrolytes of (LiNa)2CO3-GDC.

[1] L. Fan, C. Wang, M. Chen, B. Zhu, J. of Power Sources, 234, 154 (2013).
[2] R. Raza, H. Qin, L. Fan, K. Takerda, M. Mizuhata, B. Zhu, J. of Power Sources, 201, 121 (2012).
[3] R. Chockalingam and S. Basu, J. Hydrogen Energ., 36,14977 (2011).
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Hashmi4, P.D. Lund4, R Österbacka1, J-H Smått1
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Perovskite solar cells gained tremendous attention since past few years due to fabrication cost and high
efficiencies which was achieved within 5 years after the first perovskite solar cell was reported. In the PSCs,
one of the most crucial layer is the electron selective contact which extracts electrons from the device. It usually
comprises compact TiO2 which must be uniform and pinholes free for the best perfroming solar cells. In this
work [1], we prepared devices with a 5-50 nm thick compact TiO2 layer on FTO coated glass by using dip
coating approach while using different concentration of the dip coating solution. The TiCl4 was used as a
precursor for TiO2 which performed very well in our previous work [2]. The film thickness and density of these
layers were accurately determined by x-ray reflectometry (XRR). The effect of TiO2 film thickness on the
surface roughness over the underlying FTO substrate was investigated with atomic force microscopy. X-Ray
diffraction and X-Ray Photoelectrons spectroscopy were used to study the crystallinity of the compact TiO2
and the surface composition over the underlying FTO substrate respectively. When assembled into mesoscopic
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perovskite solar cells, devices with thicker compact TiO2 layers showed a better performance up to a certain
thickness. Devices without or with very thin compact TiO2 layers displayed J-V curves with an “s-shaped” form
which is investigated in detail.
[1] M.T. Masood, C. Weinberger, J. Sarfraz, E. Rosqvist, S. Sandén, O.J. Sandberg, P. Vivo, G. Hashmi, P.D.
Lund, R. Österbacka and J.H. Smått, ACS Appl. Mater. Interfaces, in press, DOI: 10.1021/acsami.7b02868
(2017).
[2] P. Vivo, A. Ojanperä, J-H Smått, S. Sanden, S.G. Hashmi, K Kaunisto, P. Ihalainen, M.T. Masood, R
Österbacka, P.D. Lund, H Lemmetyinen, Org. Electron. 41, 287, (2017).
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Using electricity from wind and solar sources, high-temperature solid oxide co-electrolysis cells (SOCs) can
perform advantageous conversion of H2O/CO2 to high value syngas that can be used to produce electricity or
synthetic hydrocarbons. In this work, the performance characteristics of tubular solid oxide co-electrolysis cells
are reported for production of syngas by electrochemical conversion of H2O/CO2. Anode-supported tubular
solid-oxide electrolysis cells were fabricated and tested at various operating temperatures and under various
combinations of inlet-gas conditions. We also fabricated different electrolyte type SOC cells involving yttriastabilized zirconia (YSZ) and scandium-stabilized ScSZ to improve the syngas yield. The electrochemical
performance was analyzed using I-V curves, EIS analysis, and gas chromatography. Consequently, we confirm
the correlation between the operating conditions and the electrochemical performance of the co-electrolysis
process in the tubular SOCs. Furthermore, it was found that the syngas yield of the ScSZ electrolyte-based SOC
cell was better than that of the YSZ electrolyte-based SOC. The results show that using a tubular SOC offered a
high-efficiency conversion of H2O/CO2, with high yield and good-quality syngas.
[1] Seung-Ho Lee, Jong-Won Lee, Seung-Bok Lee, Seok-Joo Park, Rak-Hyun Song, Ui-Jin Yun, Tak-Hyoung
Lim, International Journal of Hydrogen Energy, 41, 7530 (2016).
111

ENR-170
Study of the durability of a hydrophobic resin to be used as coating on condensers in a Nuclear Power
Plant
Cécile Molto1, Jonathan Tireau2, Antonella Cristiano-Tassi2
1Université
2EDF

Paris Diderot, Paris 7, 5 Rue Thomas Mann, 75013 Paris

R&D, Site des Renardières, Avenue des Renardières, Ecuelles 77818 Moret sur Loing CEDEX, France

Going from a continuous film condensation to dropwise condensation of water vapor can be made by using
different techniques. In this work, we have used surface modification of tubes condensers by applying a
hydrophobic nanocomposite based on a polysiloxane and silica nanoparticles. By doing this kind of coating, a
study made at EDF R&D1, demonstrated that the thermal transfer coefficient can be improved by up to 30%.
The good durability of the coating under operating conditions in a nuclear power plant was verified at the lab
scale. This work presents the developed methodology to identify the mechanisms and kinetics of degradation of
the nanocomposite coating. The key results are: (1) an aging ruled by hydrolysis and depolymerization of the
silicone and (2) lifetimes estimated between 5 years and 33 years for temperatures of 50° C and 30°C,
respectively.
1

Didier Colmont, Jean-Marc Dorey, Stéphane Maby, Aurélien Dorol, EDF R&D, MFEE Department, EDF Lab
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According to studies promoted by the United Nations over the last hundred years, the average temperature of
the atmosphere increased by 0.5 °C. The trend has been almost exponential since the 1960s, years of world
industrial development and economic boom. Hydrogen offers an alternative to the fuels used today and
proposes itself as a possible interesting solution for our future.
After showing the benefits that hydrogen can offer, the attention is then focused on its use in the automotive
sector. The number of vehicles is expected to increase following the recent massive motorization in India and
China. It is therefore necessary to find a transport means that allows to drastically cut the emissions. Various
studies on the possibility of hydrogen propulsion are currently underway, many of them at the level of
experimentation. The easiest way to use hydrogen in the vehicular context is to use it in current internal
combustion engines with the addition of appropriate modifications, just as it happens for methane or LPG
conversion to cars. The advantages over normal engines are considered.
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The bubble dynamic influences the liquid-vapor heat transfer especially when the heating surface with mixed
wettability. The liquid vapor motion between interfaces of two wettabilities is very intensive on a superheated of
mixed wettability surface. Higher wall temperature increased liquid-vapor motion efficiently. The surface energy
difference between these two surface wettabilities, is the driving force of bubble motion. The forces occurred one of
the energy in the system; it is the internal kinetic energy. This study investigated the droplet evaporation on the
limited and superheated mixed wettability surface. Through the energy balance equation to prove the internal kinetic
energy existed and it significantly influenced the heat transfer.
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