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A Letter from AMPERE's President
Prof. Cristina Leonelli
Dept. of Materials & Environmental Engineering
University of Modena and Reggio Emilia
Modena, Italy
EE-mail:
mail: Cristina.Leonelli@unimore.it
Dear AMPERE Members,
It has been a real pleasure to meet you all, new and old members, during our last biennial rendezvous
in Cracow, Poland, where the 15th in the series of International Conferences on Microwave and High
High-Frequency Heating was staged.
Our nonnon-profit
profit international Association, AMPERE EUROPE (www.ampereeurope.org), has
confirmed the pr
esence of 200
200-220
220 active members involved in aspects of high power microwave and
presence
radio frequency technology. The new Management Committee (MC)
(MC), consisting of 20 members
running the Association
Association, has been elected at the General Assembly during the conference
conference.. They are:
A.C. (Ricky) Metaxas, Cristina Leonelli, Juan Monzó-Cabrera,
Cabrera, Koen Van Reusel, Jun Wu Tao, Elias de los
Reyes-Davó,
Reyes Davó, José Manuel Catalá
Catalá-Civera,
Civera, Paolo Veronesi, Gary Bond, Lambert Feher, Kama Huang,
George Dimitrakis, Bala Vaidhyanathan, Marilena Radoiu, Marco Garuti, Dariusz Bogdal, Brigitta
Raaholt, George Stefanidis, Guido Sturm, and Andrzej Stankiewicz. I'm grateful to the MC members for
having unanimously voted myself as the President of AMPERE for the next two years ably assisted by
Professor Juan Monzo-Cabrera
Monzo Cabrera as General Secretary and Koen Van Reusel as the Treasurer.
As I have had the chance to report to the General Assembly
Assembly, in the past two years the goals of the
Association have been pursued successfully in promoting the knowledge and tec
technology
hnology of microwave
and RF heating in national and international conferences
conferences, and in endorsing workshops and Ph.D.
schools. In summary these activities are as follows:
• Support for the 16th and 17th Seminars on "Computer Modeling in Microwave Power Engine
Engineering”,
ering”,
Karlsruhe (Germany) May 2014 and Bled (Slovenia) March 2015, respectively.
• IMS: Tampa (USA) June 2014 and Pheonix (USA) May 2015.
• 4th Green Process Engineering (GPE), Sevilla (Spain), April 2014.
• Special Session at MEP, Hannover (Germany), Sept. 2014.
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URSI Mid-Atlantic Meeting 2015, Canary Island, May 2015.
3rd Edition of Summer School on microwave and US Chemistry, Cracow, Sept. 2015.
10th European Conf. Chemical Eng. + EPIC 5, Nice (France), Sept. 2015.
Electromagnetic Processing of Materials (EPM), Nice (France), Oct. 2015

Further, there has been a continuous update of the website as well as adding new items of
interest. A good visibility has been obtained with visitors coming from 122 countries. I strongly urge
you as AMPERE members, to provide your links and other information on your activities.
A brand new award, termed AMPERE MEDAL, was instigated at the AMPERE conference in
Cracow. This from now on will represent the highest honor that our organization can bestow and will
go to an individual that has worked tirelessly in promoting the use of RF/microwave energy.
In the next two years, a number of international outstanding events will be organized or
participated by the Association thanks to the commitment of the MC members and many other active
members. In particular, the following events are scheduled for next year:
• 3 GCMEA- 3rd Global Congress on Microwave Energy Applications, 25-29 July 2016, Cartagena,
Spain (http://cpcd.upct.es/3gcmea/).
• 18th Seminar "Computer Modeling in Microwave Power Engineering",10-11 March 2016 in Padua,
Italy (www.wpi.edu/+CIMS/IMMG/Seminars).
• A special session on RF and microwave heating will be organized by AMPERE in the HES 16International Conference on Heating by Electromagnetic Sources, 24-27 May 2016, Padova, Italy
(http://hes16.dii.unipd.it/).
• IMPI 50th Annual Microwave Power Symposium, 21-23 June, 2016, the Caribe Royal All Suite Hotel
and Convention Center Orlando, Florida, USA (http://impi.org/symposium-short-courses/).
For the following year, 2017, it has already been decided that the 16th in the series of biennial
AMPERE conferences will be held during 18-21 September 2017, in Delft Netherlands, at the Delft
University of Technology, under the chairmanship of Professor Andrzej Stankiewicz.
The scheme that was set up a few years ago whereby the subscription fee was made part of the
total registration fee charged to participants at the biannual conferences resulted in much reduced
administrative costs and assured an income to the association. Thanks to the unceasing work of
Professor Dariusz Bogdal and his group in Crakow during the year of the preparation of AMPERE 15,
the financial status of the Association is now in a much better shape and a number of supporting
activities, decided during the General Assembly as indicated by the members, will be supported or
subsidized in the future.
Let me add one additional piece of information which completes the frame of our association
activities. This focuses on the AMPERE Newsletter which this year sees the handover from our past
Editor, Professor Juan Monzó-Cabrera, to the new Editor, Professor Eli Jerby. The Association's
gratitude goes to both of them, as well as to Professor Ricky Metaxas for their efforts in keeping us up
to date with developments in the field of RF and microwave energy.
My sincere thanks to the Management Committee and to all of you for supporting this
Association and my best wishes for the New Year
Cristina Leonelli
President
AMPERE EUROPE
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Sustainable Prospects in Chemical Syntheses
Using Magnetic Nano-catalysts
Rajender S. Varma
Regional Centre of Advanced Technologies and Materials, Faculty of Science,
Palacky University in Olomouc, Czech Republic and Cincinnati, Ohio, USA
E-mails: Varma.Rajender@epa.gov, rajvarma@hotmail.com

Nanoparticles are the diminutive building
blocks for several new consumer materials in
the emerging field of nanotechnology.
Nanoparticles are defined as matter with at
least one dimension that is less than 100 nm.
They possess an exceptionally large surface
area to volume ratio, an important trait that is
responsible for their extensive use in catalysis.
These unique properties differentiate them
from the bulk materials. The fine tuning of
nanoparticles, in terms of their composition
(core-shell, bimetallic type or use of supports),
shape and size, provides enhanced selectivity.1
In brief, the production of engineered
nanomaterials represents a major development
in material science, specifically when it comes
to catalysis.2
Microwave technology has emerged as an
alternative energy source, powerful enough to
accomplish expeditious chemical transformations in minutes, instead of hours or even
days.3-5 In the synthesis of nano-catalysts, the
use of microwaves is all the more relevant
because it provides a better control for the
generation of the particles, where desirable
properties are based largely on the size and
shape. The growth of the materials on
nanoscale is solely dependent on the
thermodynamic and kinetic barriers in the
reaction, and is swayed by defects, vacancies,
and surface reconstructions.5 Nanostructures
of uniformly smaller sizes, and with tighter
size distributions, have been obtained using
microwave heating (as compared to those
prepared via heating in conventional oil-bath).
Additionally, microwave approach allows the
synthesis of nanomaterials with several
attractive features, such as better product
yields and shorter reaction times that prevents
agglomeration of particles.5
Research brief

In sustainable terms, the reuse and
recyclability aspects of catalysts are very
significant particularly when it pertains to
using scarce and precious metals.6 Several
eco-friendly applications in catalysis have
been addressed via earth-abundant, iron-based,
magnetic nanoparticles (MNPs) that serve as
recoverable and recyclable nano-catalysts for
the reduction, oxidation, and condensation
reactions;7 it has already made a tremendous
impact on the development of sustainable
chemical pathways. Because of the reduced
nm-size range of MNPs, most of the catalysts
surface is available for reaction thus providing
a quasi-homogeneous media for the catalysts.
MNPs coated with benign ligands namely
glutathione or dopamine have been used as
heterogeneous catalysts for several organic
transformations and syntheses.8-10 This fulfils
a pressing need to develop approaches that can
facilitate recycling and reuse of these nanocatalysts at low concentrations and in complex
matrices thus preventing unnecessary efforts
for separation and purification.11-12 This postsynthetic functionalization of the surfaces of
MNPs provides a quasi-homogeneous phase
which bridges both, heterogeneous and
homogeneous catalysis thus preserving the
beneficial attributes of both of these systems.
Using microwave energy, in conjunction
with deployment of nano-catalysts, not only
shortens the reaction time in chemical
synthesis but eliminates or minimizes undesirable side product formation.11-12 This
concept is finding acceptance in the syntheses
of pharmaceuticals, fine chemicals, and polymers and will help develop greener and
sustainable approach to chemical syntheses,
especially when performed in continuous
fashion. Newer developments on these themes
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involving benign reactions media such as
water and polyethylene glycol (PEG) will help
realize sustainable pathways for chemical
synthesis and transformations, including the
generation of novel nano-catalysts.
In imminent future, the fabrication of
novel magnetically recoverable asymmetric
catalysts supported on iron oxides will find
significant applications in asymmetric synthesis,13 especially under continuous flow
conditions in micro reactors.14
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11. R. B. Nasir Baig and R. S. Varma, "Magnetically
retrievable catalysts for organic synthesis,"
Chem. Commun. 49 (2013) 752.
12. R. B. Nasir Baig and R. S. Varma, "Organic
synthesis via magnetic attraction: Benign and
sustainable protocols using magnetic nano-ferrites,"
Green Chem. 15 (2013) 398.
13. R. B. Nasir Baig, M. N. Nadagouda, and R. S.
Varma, "Magnetic retrievable catalysts for
asymmetric synthesis," Coord. Chem. Rev. 287
(2015) 137.
14. B. R. Veddula, R. S. Varma, and M. A. Gonzalez,
"Supported ruthenium catalysts for sustainable flow
chemistry," Curr. Org. Chem. 17 (2013) 2268.

For further reading:
1. M. B. Gawande, A. Goswami, T. Asefa, H. Guo, A.
V. Biradar, D.-L. Peng, R. Zboril, and R. S. Varma,
"Core-shell nanoparticles: Synthesis and
applications in catalysis and electro-catalysis,"
Chem. Soc. Rev. 44 (2015) 7540.
2. M. B. Gawande, P. S. Branco, and R. S. Varma,
"Nano-magnetite (Fe3O4) as support for recyclable
nano-catalysts in the development of sustainable
methodologies," Chem. Soc. Rev. 42 (2013) 3371.
3. R. B. Nasir Baig, and R.S. Varma, "Alternate
energy input: Mechano-chemical, microwave and
ultrasound-assisted organic synthesis," Chem. Soc.
Rev. 41 (2012) 1559.
4. M. N. Nadagouda, T. Speth, and R.S. Varma,
"Microwave-assisted Green synthesis of silver
nanostructures," Acc. Chem. Res. 44 (2011) 469.
5. M. B. Gawande, S. Shelke, R. Zboril, and R. S.
Varma, "Microwave-assisted chemistry: Synthetic
applications for rapid assembly of nanomaterials
and organics," Acc. Chem. Res. 47 (2014) 1338.
6. R. S. Varma, "Journey on greener pathways: From
the use of alternate energy inputs and benign
reaction media to sustainable applications of nanocatalysts in synthesis and environmental
remediation," Green Chem. 16 (2014) 2027.
7. V. Polshettiwar and R.S. Varma, "Green chemistry
by nano-catalysis," Green Chem. 12 (2010) 743.
8. V. Polshettiwar, B. Baruwati, and R.S. Varma,
"Magnetic nanoparticle-supported glutathione:
A conceptually sustainable organocatalyst,"
Chem. Commun. (2009) 1837.
9. V. Polshettiwar and R.S. Varma, "Nano-organocatalyst: Magnetically retrievable ferrite-anchored
glutathione for microwave-assisted Paal-Knorr
Reaction, Aza-Michael addition and pyrazole
synthesis," Tetrahedron 66 (2010) 1091.
10. R. Luque, B. Baruwati, and R. S. Varma,
"Magnetically separable nanoferrite-anchored
glutathione: aqueous homocoupling of arylboronic
acids under microwave irradiation," Green Chem.
12 (2010) 1540.

Research brief

About the Author:
Rajender S. Varma was born in
India. He received his PhD degree
from Delhi University in 1976.
After postdoctoral research at
Robert Robinson Laboratories,
Liverpool, UK, he was faculty
member at Baylor College of
Medicine and Sam Houston State
University, prior to joining Sustainable Technology
Division at US Environmental Protection Agency in
1999. He has over 40 years of research experience in
management of multi-disciplinary technical programs
ranging from natural products chemistry to
therapeutics and development of environmentally
friendlier alternatives for synthetic methods using
microwaves, and ultrasound etc. More recently, he is
focused on greener approaches to assembly of
nanomaterials and sustainable applications of
magnetically retrievable nano-catalysts in benign
media. Prof. Varma is member of the editorial advisory
board of several international journals and published
over 425 scientific papers (h-Index 83) and has been
awarded 14 US Patents.
Recently, Prof. Rajender Varma
th
was honored with the 34 ORD
Award by the Office of Research
and Development (ORD) for:
"Sustainable strategies for risk
reduction in Nanotechnology:
Application in chemical catalysis
and environmental remediation."
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Microwave Effects in Chemistry Revisited
Mario De bruyn* and Vitaliy Budarin
Green Chemistry Centre, University of York, Heslington, YO10 5DD York, UK
*E-mail: Mario.Debruyn@york.ac.uk

The 20th century has been mainly dominated
by the use of conventional thermal energy to
drive chemical reactions. The usage of
alternative energy sources, such as microwave
technology, appeared in the late 1970’s and
could overcome existing bottlenecks in
chemical manufacturing and improve the
carbon footprint of many reactions. While it is
clear that poor instrumentation has led to
erroneous reports and set off unrealistic
expectations, a systematic and controlled
investigation of the influence of microwaves
on chemical reactions and their kinetics has
been lacking. Such background information is
though indispensable for the possible future
implementation of microwave technology on
an industrial scale. Moreover this information
would also allow for a fair assessment of the
existence or non-existence of chemical
microwave effects, a topic which is continuing
to spur a worldwide debate.1, 2
This challenge was taken up by the FPVII
ALTEREGO project, the acronym standing
for Alternative Energy Forms for Green
Chemistry. This project is led by Prof.
Andrzej Stankiewicz, who is the current Chair
of Intensified Reaction & Separation Systems
at the Technical University of Delft (TU
Delft) and Prof. Georgios Stefanidis, who is
presently at the Catholic University of Leuven
(CUL) but affiliated to TU Delft. Within this
project Dr. Guido Sturm is the central
reference for modelling of reactors and
microwave fields. This project is conceived in
a triple fashion investigating the use of
ultrasound, plasma and microwaves as
alternative energy sources with the prime aim
of process intensification. Besides the
engineering component the University of York
(YoU), and more specifically the Green
Chemistry Centre of Excellence (GCCE), was
sought out to gnerate the necessary
experimental data and provide for the
Research brief

chemical background. The microwave group
at York consists of Dr. Duncan Macquarrie,
Dr. Vitaliy Budarin and Dr. Mario De bruyn,
and spans a broad range of organic, catalytic
and physical chemistry. Complementing the
academic participition are the industrial
companies
SAIREM
and
Janssen
Pharmaceuticals (a member of Johnson &
Johnson), represented respectively by Dr.
Marilena Radoui and Dr. Luc Moens.
Using state-of-art microwave equipment,
including solid-state microwave generator
provided by SAIREM, it was possible to
obtain high quality kinetic data for two
industrially relevant reaction systems, being
the transesterification of dimethylcarbonate
and the demethylation of 3-methoxybenzylamine (Figure 1). Thereby carbonates
bear particularly relevance as electrolytes in
batteries while the demethylation of 3-methoxybenzylamine is an essential step in the
preparation of pharmaceutically relevant
intermediates. Initially the aim was to develop
analytical methods capable of generating
kinetic data in-situ. While in-situ IR measurements of the conventional thermally heated
transesterification could be performed with an
in-house ReactIR (employing a reaction
immersed IR probe) it was found that our
common IR probes are not compatible with
the use of microwaves. Also, IR
measurements showed appreciable broadening
or overlap of all observable peaks, which
relates directly to the highly concentrated
nature of these reactions, reflecting standard
industrial reaction conditions (as opposed to
reactions performed in an excess of a solvent).
Significant thought was given to the use of
external IR probes in which case also the
transparency of the quartz/Pyrex flask would
become an issue.
For the demethylation reaction, the use of
48% HBr as a significantly corroding medium,
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and the involvement of extensive hydrogen
bonding, were found to be highly problematic.
Notably the conventional thermal trance
trancesterification reaction could be investigated by
sterification
in situ quantitative 13C NMR yet the
combined use of NMR and microwave
technology is far from evident and would
require major investments.

December 31, 2015

Intriguingly, both reaction types display
conditional microwave effects where at th
the
lower operating temperatures the kinetic traces
of the conventional thermal and microwave
operated reaction either coincide or differ only
slightly. In the higher temperature regions
specific microwave effects can be observed
albeit modest in nature (Fig
(Figure
ure 2).

Figure 1. Visualization of the two chemical reactions studied within the ALTEREGO project.
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Figure 2. Comparison between the conventional thermal and the microwave
microwave-assisted
assisted dimethyl
dimethylcarbonate/ethanol transesterification reaction at different reaction temperatures (85°C, 95°C, 105
105°C).
C).

Throughout the ALTEREGO project no
extraordinary rate accelerations in the
presence of microwaves have been observed.
This has strengthened the internal/consortium
perception that the wild accelerations reported
in the past are likely erroneous. It was equ
equally
ally

Research brief

found that the occurrence of a microwave
effect could depend on the type of catalyst
used. The kinetic behavior of a microwave
conducted or a thermally heated reaction does
not necessarily differ
differ, but unusual behaviors in
terms of activation energy an
and
d order of the
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reaction have been effectively observed. In
this respect, the common observation of
decreased activation energy for a chemical
reaction when conducted in the presence of
microwaves is certainly not a constant and,
depending on the type/stage of the reaction,
there could be no influence or even massively
increased activation energies.
The need for specialized equipment (as
opposed to commercially available microwave
devices with cheaper less precise magnetrons)
has also been investigated but no such claim
could presently be made. The SAIREM MiniFlow 200SS does however hold the added
benefits of a solid state microwave generator
ensuring a much more controlled frequency
spectrum, and an accurate delivery of power
measuring also the forward (input) and
reflected power. This is however extremely
important as to get the energy balances right
and with a view on upscaling.
Besides the experimental part of the
ALTEREGO project, substantial effort has
also been devoted to the modelling of the
microwave field in the reactors. This could be
established using COMSOL, a commercially
available multiphysics software package.
In conclusion, the results obtained within
the ALTEREGO microwave subproject
indicate that strong microwave effects,
reducing reaction times from the hour-scale to
the minute/second scale, are likely not
existent. However, clear evidences of
microwave effects on chemical and physicochemical parameters have been established.
Their nature is however complex and many
hypotheses can be put forward to explain
them. These hypotheses are also strongly
influenced by the type of the reaction or how
one chemically perceives them. In this respect
the textbook definitions of second and first
order reactions are too limited to describe
adequately the chemistries at hand, further
complicating the interpretation of the observed
microwave effects. From an industrial point of
view the obtained results do show operational
windows (reaction conditions) in which it
would effectively make sense to use
microwaves over conventional thermal heating
and hence potentially re-engineer the currently
used thermally heated batch reactors.
Research brief
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For further reading:
1. C. O. Kappe, Angewandte Chemie-International
Edition 52 (2013) 7924.
2. G. B. Dudley, R. Richert, and A. E. Stiegman,
Chemical Science 6 (2015) 2144
3. M. De bruin and V. Budarin (to be published).

About the Authors:
Mario De bruyn was born in
Antwerp (Belgium) in 1974. He
pursued initially Bio-engineering
studies at the University of Antwerp
(Bachelor) and the Catholic
University of Leuven (CUL). He
obtained his Ph.D. thesis at CUL in
the Centre of Surface Chemistry
and Catalysis under the supervision of Prof. Pierre
Jacobs and Prof. Dirk De Vos on the selective
hydrogenation of α,β-unsaturated ketones to allylic
alcohols. This was followed by a 3-year postdoctoral
stay at the Weizmann Institute of Science in Israel, in
the group of Prof. Ronny Neumann. For the last 6 years
he has been employed at the Green Chemistry Centre
of Excellence at the University of York. His research
interests are highly disciplinary covering heterogeneous/homogeneous catalysis, materials science and
organic chemistry, and sustainable and green
chemistry. Microwave technology has also taken a
centre stage in his research. He has currently authored
18 publications (h-index 9), holds 2 patents, and has
written 2 book chapters.
Vitaliy Budarin obtained his Ph.D. in
chemistry from Kiev State University
(KSU, Ukraine) in 1988. Following
postdoctoral research at KSU, he
became an assistant professor in its
Department of Physical Chemistry in
1991. This was followed by a
lectureship in chemistry (1996) and a
promotion to associate professor in 1998. In 2002, he
joined the Green Chemistry Centre of Excellence
(GCCE) at the University of York (UK). In 2006, he
became senior scientist and discovery leader at the
GCCE. Since 2012, Dr. Budarin is principle scientist at
GCCE, where he currently heads the microwave
research group. He is the author of more than 100
research papers, 6 patents and 7 book chapters. His
research interests include material science, microwave
chemistry and catalysis. In particular, he has focused
on (i) the development of new types of mesoporous
carbonaceous materials (Starbons) derived from
natural polysaccharides, and (ii) low temperature
microwave activation and pyrolysis of biomass.

Page 7

AMPERE Newsletter

Issue 87

December 31, 2015

Ricky's Afterthought:

Microwaving Trapped Hydrocarbons Down a Deep Well
A. C. (Ricky) Metaxas
AC Metaxas and Associates
Cambridge, UK
E-mail: acm33@cam.ac.uk

In June 2008, the cost of crude oil peaked at
over $140 per barrel while presently it trades
at just over $40 per barrel. However, if ever
circumstances change and the cost per barrel
shoots up again to well over $100 per barrel,
then speculation will focus once again to
novel ways of extracting oil from deep rocks
trapped way down the earth’s surface using
microwaves. Conoco Philips, BP and other oil
companies are seriously thinking of similar
techniques.
This is the goal of entrepreneur Peter
Kearl, an ex-engineer at Oak Ridge National
Laboratory, who has the idea of using a high
power microwave source down a well to
bombard the rocks, which house the solid
hydrocarbons. Although the hydrocarbons are
asphalt-like solid at room temperature, they
become liquid as their temperature rise.
The trouble is getting the heat effectively
down into the kinds of permeable rocks that
trap oil and gas. Microwaves, using a phased
array antenna, may produce a focused beam
that could heat the water trapped in porous
rocks deep down the well, and impart heat to
the solid hydrocarbons in the rocks turning
these into liquid. The water then turns to
steam, and facilitates the flow of steam and
liquid hydrocarbons through the cleared pores
and cracks, and is collected at the surface.

Afterthought

Peter Kearl, who has formed Qmast LLC
to test these ideas, hopes to use old wells for
this technique, which avoids drilling new
wells in search for oil.
There are still many questions that need to
be answered not least the translation of small
scale experiments to conducting the tests in a
well, which could be a few kilometers deep,
and hundreds of meters wide. However, if this
method is successful, there will be no need to
pursue fracking, or hydraulic fracturing as it is
formally known, which needs large amounts
of water and chemicals to be pumped down
the test volume.
And, of course it is well known that high
power microwaves is an expensive energy
source. However, everything in explorative
mining is expensive, and the economic
viability of such a technique rests on many
factors. Some argue that together with nuclear
energy this technique could bridge the gap in
energy resource from fossil fuels to renewable energies.
For more information visit:
www.gjsentinel.com/news/articles/grandjunction-inventor-needs-quarteracre-to-test
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Recently Published Journal Papers
Dynamic Measurement of Dielectric Properties
of Materials at High Temperature During Microwave Heating in a Dual-Mode Cylindrical Cavity
J.M. Catala-Civera, A.J. Canos, P. Plaza-Gonzalez, J.D.
Gutierrez, B. Garcia-Banos, F.L. Penaranda-Foix

variable phase shift between them. A Wilkinson power
divider and phase shifter were designed and fabricated
for this purpose. Both simulation and measurement
(using chloroform as an exemplar liquid) demonstrated
that the adaptive coupling can be used to optimize the
heating efficiency of the liquid.

IEEE Trans. Microwave Theory and Techniques, Vol. 63,
pp. 2905-2914, Sept. 2015.
Abstract:
A microwave cavity and heating system for microwave
processing and in situ dynamic measurements of the
complex permittivity of dielectric materials at high
°
temperatures ( ~ 1000 C) has been developed. The
method is based on a dual-mode cylindrical cavity
where heating and testing are performed by two
different swept frequency microwave sources. A crosscoupling filter isolates the signals coming from both
sources. By adjusting the frequency bandwidth of the
heating source and the level of coupling to the cavity,
an automatic procedure allows for the establishment
of a desirable level of heating rate to the dielectric
sample to reach high temperatures in short cycles.
Dielectric properties of materials as a function of
temperature are calculated by an improved cavity
perturbation method during heating. Accuracy of
complex permittivity results has been evaluated and an
error lower than 5% with respect to a rigorous analysis
of the cavity has been achieved. The functionality of
the microwave dielectric measurement system has
been demonstrated by heating and measuring glass
°
and ceramic samples up to 1000 C. The correlation of
the complex permittivity with the heating rate,
temperature, absorbed power, and other processing
parameters can help to better understand the
interactions that take place during microwave heating
of materials at high temperatures compared to
conventional heating.

Adaptive Coupling of Resonators for Efficient
Microwave Heating of Micro-fluidic Systems
A. A. Abduljabar, H. Choi, D. A. Barrow, A. Porch
IEEE Trans. Microwave Theory and Techniques, Vol. 63,
pp. 3681-3690, Nov. 2015
Abstract:
An electronically adaptive coupling technique is
presented for a microwave microstrip resonator to
improve the efficiency of liquid heating in a microfluidic system. The concept is based on feeding the
resonator with two synchronized inputs that have a

Recently published

Microwave-Heating Laboratory Experiments for
Planetary Mantle Convection
A. Limare, K. Vilella, E. Di Giuseppe, C. G. Farnetani,
E. Kaminski, E. Surducan, V. Surducan, C. Neamtu,
L. Fourel, C. Jaupart
Jour. Fluid Mechanics, Vol. 777, pp. 50–67, July 2015
Abstract:
Thermal evolution of telluric planets is mainly
controlled by secular cooling and internal heating due
to the decay of radioactive isotopes, two processes
that are equivalent from the standpoint of convection
dynamics. In a fluid cooled from above and
volumetrically heated, convection is dominated by
instabilities of the top boundary layer and the interior
thermal structure is non-isentropic. Here we present
innovative laboratory experiments where microwave
radiation is used to generate uniform internal heat in
fluids at high Prandtl number (>300) and high
Rayleigh–Roberts number (ranging from 104 to 107 ),
appropriate for planetary mantle convection. Noninvasive techniques are employed to determine both
temperature and velocity fields. We successfully
validate the experimental results by conducting
numerical simulations in three-dimensional Cartesian
geometry that reproduce the experimental conditions.
Scaling laws relating key characteristics of the thermal
boundary layer, namely its thickness and temperature
drop, to the Rayleigh–Roberts number have been
established for both rigid and free-slip boundary
conditions. A robust conclusion is that for rigid
boundary conditions the internal temperature is
significantly higher than for free-slip boundary
conditions. Our scaling laws, coupled with plausible
physical parameters entering the Rayleigh–Roberts
number, enable us to calculate the mantle potential
temperature for the Earth and Venus, two telluric
planets with different mechanical boundary conditions
at their surface.
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Effects of Polarization-Charge Shielding in
Microwave Heating
M.S. Lin, S.M. Lin, W.Y. Chiang, L.R. Barnett, K.R. Chua
Physics of Plasmas, Vol. 22, 083302 pp. 1-5, Aug. 2015.
Abstract:
Heating of dielectric objects by radio frequency (RF)
and microwaves has long been a method widely
employed in scientific research and industrial
applications. However, RF and microwave heating are
often susceptible to an excessive temperature spread
due to uneven energy deposition. The current study
elucidates an important physical reason for this
difficulty and proposes an effective remedy. Non-
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spherical samples are placed in an anechoic chamber,
where it is irradiated by a traveling microwave wave
with 99% intensity uniformity. Polarization charges
induced on the samples tend to partially cancel the
incident electric field and hence reduce the heating
rate. The polarization-charge shielded heating rate is
shown to be highly dependent on the sample’s shape
and its orientation relative to the wave electric field.
For samples with a relatively high permittivity, the
resultant uneven heating can become a major cause
for the excessive temperature spread. It is also
demonstrated that a circularly polarized wave, with its
rapidly rotating electric field, can effectively even out
the heating rate and hence the temperature spread.

Upcoming Events
18th Seminar on Computer Modeling in
Microwave Power Engineering
March 10-11, 2016, Padua, Italy
Main theme:
"Solid-state energy generation – Modelling systems
and applications"
Technical topics:
• Concepts and methodologies of modeling of
microwave processing of materials
• Electromagnetic and multi-physics models for
solid-state generation
• Techniques and control of microwave processing
in solid-state systems
• Traditional and new applications of solid-state
generation technology
• Prospects of the solid-state technology on the
market; role of applicable modeling
• Determination of electromagnetic and thermal
material parameters
• New developments in analytical methods and
numerical models for microwave power
engineering
Abstract submission due January 8, 2016
Organizers:
Vadim Yakovlev
The Industrial Microwave Modelling Group (IMMG),
Department of Mathematical Sciences, WPI, USA
E-mail: vadim@wpi.edu
Fabrizio Dughiero
The Department of Industrial Engineering, University
of Padua, Padua, Italy
E-mail: fabrizio.dughiero@unipd.it

50th IMPI’s Annual Microwave Power
Symposium
June 21-23, 2015, Florida, USA
Organized by IMPI, the International Microwave
Power Institute (www.impi.org)
Main topics:
• Biomedical applications
• Dielectric and other material properties
• Industrial high-power equipment and process
control
• Microwave enhanced chemistry
• Microwave plasma
• Modeling, CAD and optimization
• New non-communication microwave technologies
• Microwaves and RF process intensification
• Solid-state microwave technology
• Biological applications
• Industrial RF & microwave processing of food
• Microbiological testing
• Microwavable packaging
• Microwave ovens: design, standards, safety
• Product validation
Submission Deadline: January 25, 2016
Chairs:
Ulrich Erle
Nestle R&D, USA
Technical Program Committee
Bob Schiffmann
R.F. Schiffmann Associates, Inc., USA
Food Science and Technology Committee

Further information:
www.wpi.edu/+CIMS/IMMG/Seminars

Upcoming events
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3rd Global Congress on Microwave Energy
Applications (GCMEA)
July 25-29, 2016, Cartagena, Spain
The third in the series of the global meetings GCMEA
will be held in the Spanish historical City of Cartagena.
This world congress is open for all kinds of microwave
energy applications and technologies. It intends to
bring together people from academic institutions,
industry, and related equipment and software
manufacturers, from all over the world.
Main scope:
• Energy and environment (green processing,
microwave plasmas and pyrolysis)
• Enhanced chemical reactions
• Nanotechnology
• Material synthesis
• Devices and equipment
• New innovation and commercial strategies
• Modeling and numerical techniques
• Radiation safety and standards
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• Delivery systems
• Microwave assisted extraction
• Microwaves in everyday life: Food, transportation,
construction, ceramics, metals, polymers, medical,
chemical.
• Meta-materials
• Industrial applications, manufacturing, and
processing controls
• Dielectric and magnetic measurements at
microwave frequencies
Abstract submission due February 29, 2016.
Chair:
Prof. Juan Monzó-Cabrera
Electromagnetics and Matter Group (GEM)
Universidad Politécnica de Cartagena
Cartagena, Spain
www.upct.es/gem
E-mails: juan.monzo@upct.es, 3rdgcmea@upct.es
3GCMEA Website:
http://cpcd.upct.es/3gcmea

Share your News and Views with the AMPERE Community…
AMPERE Newsletter welcomes submissions of articles,
briefs and news on topics of interest for the RF-andmicrowave heating community. These may include:
• Research briefs and discovery reports.
• Review articles on R&D trends and thematic issues
(e.g. solid-state technologies).
• New inventions and patents.
• Technology-transfer and commercialization.
• Safety, RFI, and regulatory aspects.
• Technological and market forecasts.
• Comments, views, and visions.
• Interviews with leading innovators and experts.
• New projects, openings and hiring opportunities.
• Tutorials and technical notes.
• Social, cultural and historical aspects (e.g. social
impacts of the domestic microwave oven).
• Economical and practical considerations.
• New products and services (from technological
non-commercial aspects).
• Upcoming events, new books and papers.

AMPERE Newsletter is an ISSN registered periodical publication hence its articles are citable as
references. However, the Newsletter's publication
criteria may differ from that of common scientific
Journals by its acceptance (and even encouragement)
of news in more premature stages of on-going efforts.
We believe that this seemingly less-rigorous editorial
approach may accelerate the circulation of new ideas
and discoveries among the AMPERE community; and
consequently enrich our common knowledge, and
excite new findings and developments.
Please send your submission, or any question,
comment or suggestion in this regard to:
Eli Jerby
Ampere-Newsletter Editor
Faculty of Engineering
Tel Aviv University (Israel)
E-mail: jerby@eng.tau.ac.il

AMPERE Disclaimer
The information contained in this Newsletter is given for the benefit of AMPERE members. All contributions are believed to be correct at the
time of printing and AMPERE accepts no responsibility for any damage or liability that may result from information contained in this
publication. Readers are therefore advised to consult experts before acting on any information contained in this Newsletter. AMPERE is a
European non-profit association devoted to the promotion of microwave-and-RF heating techniques for research and industrial applications.

Call for papers
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