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We are pleased to introduce the proceeding of International Con-
ference of Vocational Studies on Applied Research (ICoVAR)
2017, which was held by Vocational School, Diponegoro Uni-
versity, Indonesia on 13th–15th September 2017. The conference
was attended by more than 200 participants with approximately
120 papers have been submitted from various countries such as
Indonesia, United Kingdom, Russia, Pakistan and Switzerland.

ICoVAR 2017 presented issue of Vocational Studies and
Applied Research, to promote technology innovation, and to
make feasible economic activities during implementation of
applied technology. The event successfully accommodated the
academics, researchers, students, industries, stakeholders and
government in an international forum. The goal of ICoVAR 2017
is giving depth discussion, comprehensive sharing, and ideas
exchange. All of these activities boosts the formation of networks
among participants for improving next research quality.

Internationally reputable academics and practitioners con-
tributed to the event as the Keynote Speakers and Scientific
Committee:
1. Prof. Mohamad Nasir (Minister of Research, Technology and
Higher Education, Indonesia)
2. Prof. Dr. Ir. Sigit Pranowo Hadiwardoyo, DEA (Head of
Indonesian Forum of Vocational Higher Education, Indonesia)
3. Mr. Muliaman D. Hadad, Ph.D. (Financial Authority Agency,
Indonesia)
4. Prof. Budiyono (Diponegoro University, Indonesia)
5. Prof. Takehiko Otsuka (Akashi National College of Technol-
ogy, Japan)
6. Dr. Jagroop Pandhal (University of Sheffield, United
Kingdom)
7. Dr. Rini Mulyani (Bung Hatta University, Indonesia)
8. Mr. Andrea Nicola Weiss (Practitioner of Nature Resource,
Switzerland)

9. Dr. Wikan Sakarinto (Gajah Mada University, Indonesia)
10. Mr. Reinhard Flohr (Practitioner of Business Management,
Germany).

ICoVAR 2017 was opened by Rector of Diponegoro University
with attendance of a representative from Ministry of Research,
Technology and Higher Education, Indonesia. The event was
conducted by Keynote Speech sessions then followed by 5 ple-
nary lectures covering areas of Civil and Planning, Business and
Finance, Information and Culture, Vocational Studies and Indus-
trial Engineering. The next event of ICoVAR 2018 will be held
in Bangka Island, Indonesia. Considering that science is esca-
lating rapidly, especially areas which is covered as the scope of
this conference. We expect that the next ICoVAR 2018 will be
as encouraging as the current one, which has been indicated by
the articles presented in this proceedings volume.

Head of Organising Committee

Dr. Anggun Puspitarini Siswanto
International Conference of Vocational Studies on

Applied Research (ICoVAR) 2017
Vocational School, Diponegoro University

Semarang, Indonesia

Guest Editors

Budiyono
Diponegoro University, Indonesia

Andrea Weiss
Natural Practitioner, Switzerland

Takehiko Otsuka
National Institute of Technology, Akashi College, Japan
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Plasma Reactor Characterization of Lignocellulosic
Materials on Agricultural Waste Treatment

Anggun Puspitarini Siswanto1�∗, Dmitriy Kuvshinov2, Jagroop Pandhal3, and William Zimmerman3

1Chemical Engineering, Vocational School, Diponegoro University, Indonesia
2School of Engineering and Computer Science, University of Hull, United Kingdom

3Department of Chemical and Biological Engineering, University of Sheffield, United Kingdom

Agricultural waste treatment has becoming an emerging issue for the society which is linearly increasing with
number of population and food production. Agricultural waste can be considered as by product of agricultural
activities. This includes manure, fertilizer, dry leaves and other waste from farms or animal slaughter houses.
It mainly contains lignin compound which is known notoriously difficult to be degraded by nature. It requires
expensive and long term of process to degrade lignin due to its natural characteristics. Plasma reactor has
existed for over decade in which also known as a green technology as it produces no post production waste.
This study aims to characterize plasma reactor by its ignition voltage and air flow rate as the operating condition.
Ozone produced by the plasma reactor is further utilized for lignocellulosic materials sample. The study shows
that plasma reactor operated in 0.5 l/minutes of air flow rate produced an ignition voltage at approximately 4 kV.
This result is expected to be a promising technology to meet market demand on treatment of lignocellulosic
materials. Therefore, it can be widely applied on agricultural waste management system.

Keywords: Agricultural Waste, Green Technology, Lignocellulosic Materials, Plasma Reactor.

1. INTRODUCTION
Agricultural waste is abundant in the nature, along with food
residues and organic waste from industrial by product, result
in environmental pollution which needs to be addressed. These
materials are sources of lignocellulosic compound that contain
lignin which is identified as the outer layer on cell structure of
hemicelluloses and cellulose.1�2 Hemicelluloses and cellulose are
two main components which widely utilized for purposes due
to its high sugary content.1�3 Furthermore, these components are
potential raw materials in many industries such as biofuel, food
and chemical industries. In order to be able to do treatment on
hemicelluloses and celluloses, induction on the lignin layer needs
to be conducted. However, lignin is insusceptible to degrada-
tion both by treatment using enzyme and chemical approaches.4�5

Researchers have done experiments which require expensive and
long term treatment duration to get through lignin layer in the
molecular structure of samples. Figure 1 shows the structure of
lignin, hemicelluloses and celluloses.3

A novel approach has been conducted to investigate lignin
degradation with environmental friendly methods. Ozone utiliza-
tion is become preferable because it is considered as a prac-
tical approach with no specific requirement for the operating
conditions.6 Experiment was conducted in room temperature

∗Author to whom correspondence should be addressed.

and atmospheric pressure which can be further implemented for
industrial application. Ozonolysis application for sawdust treat-
ment was conducted which resulted in an application of plasma
reactor operating voltage up to over 30 kV.7 This operating volt-
age is seen not economical as higher voltage brings higher oper-
ating cost. Moreover, a modern ozone generator was then further
applied for treatment of barley straw.8

Ozone can be produced by various methods such as elec-
tric barrier application, electrocatalysis and ultraviolet irradiation.
Ozone is generated by passing through a gas in the high electric-
ity region which resulted in split of oxygen molecules to be ozone
molecules.9�10 Figure 2 describes mechanism of ozone molecules
generation.11 Corona discharge and Dielectric Barrier Discharge
Plasma reactor are commonly used for ozone generation.11�12 In
order to produce ozone, it is required to reach an ignition point
where the plasma is first ignited during the reactor operation. It is
also known as the ignition voltage in which seen as the parame-
ter of reactor characterization to determine its performance. Once
plasma is ignited, during the process, oxygen-rich gas is then
converted to be ozone molecules. Ozone has been known as one
of the strongest oxidant as compared in Table I.9

This research aims to characterize plasma reactor as the ozone
generator which will be further used for treatment of lignocellu-
losic materials. Characterization is conducted prior to the lignin
degradation treatment in order to investigate the reactor stability.
Ignition voltage of plasma reactor has become the main interest

9502 Adv. Sci. Lett. Vol. 24, No. 12, 2018 1936-6612/2018/24/9502/003 doi:10.1166/asl.2018.13060

perpus
Highlight



IP: 127.0.0.1 On: Mon, 01 Feb 2021 03:01:26
Copyright: American Scientific Publishers

Delivered by Ingenta

R E S E A R CH A R T I C L EAdv. Sci. Lett. 24, 9502–9504, 2018

Fig. 1. Cell structure of lignin, hemicelluloses and cellulose.

Fig. 2. Mechanism of ozone molecules generation by air.

Table I. Oxidizing potential of various oxidants.

Oxidants Oxidizing potential (V)

Fluorine 3.06
Hydroxyl free radicals 2.80
Atomic oxygen 2.42
Ozone 2.07
Chlorine 1.36
Oxygen 1.23
Hypochlorite 0.94

which is expected to be baseline for industrial application for
agricultural waste treatment.

2. EXPERIMENTAL DETAILS
A Dielectric Barrier Discharge Plasma Reactor was used during
the experiment in which detail set up was described by author.13

Experiment was conducted by application of air as the gas pass-
ing through plasma reactor. Air flow rate was set to 0.5 L/minutes
which is supplied to the flow connection network of the plasma
reactor. The reactor is connected to a power supply of 500 W at
a frequency of 50 kHz. Characterization was done with use of
TES TEC HVP-15 HF High Voltage Probe which was controlled
by a Computer System of Picoscope ADC-212 Oscilloscope. The
reactor was connected to the high voltage probe while spectrum
resulted by the program was then used for determining the igni-
tion voltage.

3. RESULTS AND DISCUSSION
Ozone generation during the experiment was indicated by the
plasma ignition which was detected by the safety sensor both
visually and experimentally. Plasma voltage stability check was
conducted which showed in Figure 3. It is shown that the voltage
of plasma reactor was increasingly stable during the experiment.
Repeatability check also showed consistent result which indict-
ing that the reactor performed well and plasma was generating

Fig. 3. Plasma reactor voltage stability check.

Fig. 4. Picoscope spectrum during plasma ignition stage.

consistently. A homogenous plasma discharge is expected to be
resulted by this bespoke plasma reactor.
Figure 4 shows that the ignition voltage reached in the exper-

iment is approximately at the level of 4 kV. Spectrum of Pico-
scope recorded a seamless signal curves which also showing the
default voltage for Dielectric Barrier Discharge Plasma Reactor.
Data was recorded in a scale of 2 milliseconds which continued
in further experiments. Voltage stability was monitored during
the research. This also applied in further experiment of lignocel-
lulosic materials treatment by ozone application. Ozone which
was produced by the reactor then become potentially used for
future application such as for agricultural waste treatment.

4. CONCLUSION
A stable plasma discharge was produced during the experiment in
which a 4 kV of ignition voltage was applied during ozone gener-
ation. Consistent plasma discharge was achieved which shows a
promising alternative approach for lignin degradation treatment.
This also allows more economic and environmental friendly tech-
nology of plasma reactor to be implemented in the industrial
management system, such as for treatment of agricultural waste.

Acknowledgments: Author acknowledges the Ministry of
Research and Higher Education of Indonesia for the Scholarship
during conducting this research.
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Effect of the Ni/Al2O3 Catalyst Synthesis Conditions
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Preparation Method on the Catalyst’s Properties
and Efficiency in the Process of Nanofibrous

Carbons Synthesis from Methane
D. G. Kuvshinov1�∗, P. B. Kurmashov2, A. G. Bannov2, A. P. Siswanto3, M. B. Popov4, and A. G. Cherkov5
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The urotropin based solution combustion method was investigated and optimised in this research. This is the cost
effective, simple and productive method for catalytic materials synthesis with further application in the processes
of hydrocarbon catalytic decomposition to hydrogen and useful nano structured carbons. Three procedures
for catalytic systems synthesis were studied and the nano structure of the obtained catalytic materials were
characterised. Efficiency in the hydrocarbon decomposition processes was evaluated in methane decomposition.
It was found that crystallite size of formed NiO does depend on a temperature of a combustion front. Smaller
averaged crystallite size resulted to higher yield of nano structured carbons. The highest activity in methane
decomposition process with the formation of hydrogen and nanofibrous carbon was observed for the catalyst
systems synthesised by the total dissolution (third) method.

Keywords: Catalysts, Solution Combustion, Urotropin, Catalytic Pyrolysis, Nonofibrous Carbon.

1. INTRODUCTION
This research is done within the frame of catalytic processes
development for nano fibrous carbons synthesis. The core reac-
tion of the catalytic decomposition process is described as
CnHm → nC+ �m/2�H2. This reaction occurs in presence of
nano dispersed oxides of group VIII metals (Fe, Ni) and their
alloys. Morphology of carbon nano structures (CNS) obtained
via catalytic decomposition of hydrocarbons does depend on the
nature of the catalytic materials and the synthesis conditions
(temperature, hydrocarbon source and pressure).1 The powder
type catalysts have the highest CNS yield. The widely accepted
deactivation model for these catalytic systems is blockage of
active centres by deposited carbons. The application of these
systems resulted to CNS synthesised in form of granules made
from entangled nano fibrous.2–5 It was shown that granulated car-
bons could be applied as sorbents,6 catalysts,7 supporters for non
organic,8 bio-active components9 and in production of colours,10

electro conductive materials11 and nano carbides synthesis.12

∗Author to whom correspondence should be addressed.

The properties of obtained CNS significantly depend on the
nature of applied catalytic systems.

Nowadays the solution combustion method is recognised as
one of the perspective approaches for catalysts materials syn-
thesis. This in particular is due to the one stage relatively sim-
ple procedure and high throughput. In this processes a metal
salt is reduced to an oxide form via high temperature treatment.
Initial mixtures of a metal salt with the selected promoter and
organic compounds for example urotropin, carbamide or glycine,
are gradually heated up in air. At certain temperature an organic
components flamed up which resulted to the sharp peak of a mix-
ture’s temperature to the temperature of a metal salt reduction
along the way of a flame front movement.

2. EXPERIMENTAL DETAILS
In this study, Ni(NO3�2 · 6H2O; Al(NO3�3 · 9H2O and C6H12N4

were used as obtained from the Sigma Aldrich. In this work
the metal salts, promoters and urotropin were mixed it certain
ratios by different methods followed by heating in air up to 450C
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at the heating rate of 1C/min to initial a solution combustion
process. Investigation of the catalysts’ efficiency in the process
of hydrocarbons decompositions curried out with use of flow
through quartz reactor in presence of methane at temperature of
550C and pressure of 1 Bar. The volume flow rate of methane
was set to 100 L/hour per gram of catalyst. Catalysts was heated
up to 550C in Ar atmosphere. After temperature stabilisation
at 550C the flow of Ar, 1.2 L/hour per gram of catalyst, was
switched to methane. Content of inlet and outlet gas flows was
detected by GC, Chromos GX-1000, with use of Ar as the car-
rier gas. Temperature recording was done by low inertia thermo-
couple of TXA-type under control of Termodat 7.35S software.
Phase content of oxidised samples was investigated by XRD
with application of Cu K�-radiation (�= 0,15406 nm). Crystal-
lites dimensions was calculated with use of Scherrer equation.
Morphology of catalytic systems and formed NFC was investi-
gated with use of electron microscopy, JEOL JEM-2200 FS-CS,
resolution 0.1 nm.

In this research three methods of the catalytic system synthe-
sis were investigated. First method. The crystalline Nickel (II)
nitrate hexahydrate and Aluminium nitrate in proportion 13 to 1
were decomposed at 150C during 15 minutes under stirring con-
ditions. A C6H12N4 was added in a solid phase to the obtained
solution in ratio 1 to 1 by mass. Due to stirring all the three com-
ponents were uniformly mixed. A sample was heated in air up
to 450C with the heating rate of 1C/min. After a flame initiation
the catalytic systems were prepared by the self-propagating high-
temperature synthesis (SHS) reaction. In the second method the
crystalline Nickel (II) nitrate hexahydrate and Aluminium nitrate
in proportion 13 to 1 were decomposed at 150C during 15 min-
utes under stirring conditions. A C6H12N4 was added in a liquid
phase to the obtained solution in ratio 1 to 1 by mass. Due to
stirring all the three components were uniformly mixed. A sam-
ple was heated in air up to 450C with the heating rate of 1C/min
to initiate a SHS. For the third method the crystalline Nickel (II)
nitrate hexahydrate and Aluminium nitrate were mixed in pro-
portion 13 to 1. A solid phase urotropin was added to the solid
mixture in ratio 1 to 1 by mass. Obtained sample was dissolved
in DIW at stirring conditions in ratio 1 to 20 (DIW) by mass.
A sample was heated in air up to 450C with the heating rate
of 1C/min. After a flame initiation the catalytic systems were
prepared by SHS.

After completion of the solution combustion, the majority
of the catalytically active nano particles in a catalyst are in
the oxide form and therefore inactive in the process of hydro-
carbons decomposition. Nevertheless some limited amount of
reduced metal particle was formed during the solution combus-
tion process due to metal oxide particles treatment by the ammo-
nia generated in the solution combustion process. These reduced
particles are active in the hydrocarbons decomposition accom-
panied by hydrogen generation. This chain-like process resulted
to reduction of all the nano dispersed metal active phase from
oxide state to metal state by hydrogen generated during methane
decomposition.

3. RESULTS AND DISCUSSION
In this research 9 samples were selected for more detailed inves-
tigation. The samples 1–6 were produced by the first method. The
sample 7 was synthesised by the second and the samples 8 and 9

Te
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re

, C

Reaction time, h

Fig. 1. Temperature profiles of the catalysts synthesis process.

by the third method. Recorded temperature profiles of the cata-
lysts synthesis process are presented in the Figure 1. Observed
pikes are result of the fast short termed SHS self-initiated at
different temperatures. It was found that the SHS initiation tem-
perature and its maximum temperature level does depend on the
method applied for catalysts preparation. The samples 1–6 pre-
pared by the first method have showed SHS initiation tempera-
ture at around 230C and maximum SHS temperature in diapason
of 427C to 651C. Sample 7, second preparation method, has
shown similar temperature profile to the samples 1–6. Samples 8
and 9 synthesised by the third method had higher SHS initiation
temperature, 255C and, importantly, lower maximum SHS tem-
perature, 360C. Different temperature profiles obtained for the
applied synthesis methods affected the morphology of produced
catalysts. Based on XRD data the averaged NiO crystallite size
was found as 13,8 nm and 15.8 nm for the samples 8 and 9
correspondently, Figure 2.
It was shown Figure 2, the averaged size of the NiO crystallite

for the samples produced by methods one and two has increased
in two times and was found in the range of 30–37.6 nm. It is
important to note that the content of the Ni phase for the samples
1 and 6 was very limited.
Results of the catalysts’ efficiency test in the process

of methane decompositions is presented in the Figure 3.
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Fig. 2. XRD spectra of oxide form samples 1–9.
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Fig. 3. Dynamic of hydrogen concentration change in catalytic methane
decomposition process with application of the samples 1–9.

The samples 1–7 were found as equally low efficient with initial
hydrogen concentration detected at the level of 27–30 vo.% and a
catalysts live time less than 5 hours. For the samples 8 and 9 the
initial level of generated hydrogen was detected at 35–37 vol.%
which was relatively stable for the first 10 hours of the process
followed by the relatively slow deactivation kinetics, sample 9.

Higher efficiency for the samples 8 and 9 in compare to other
tested samples can be explained by the smaller NiO crystal-
lite size obtained with application of the third synthesis method.

Fig. 4. Electron microscopy investigation of the sample 9.

Thus the optimal procedure for the simple one stage synthesis of
the efficient catalysts was identified as the third method.

Electron microscopy investigation, Figure 4, has confirmed for-
mation of nano structured carbon materials Figures 4(a)–(d) with
a “fish-bone” (e) morphology. The catalyst deactivation mecha-
nism is blockage of an active phase by the deposited carbons,
Figure 4(f).

4. CONCLUSION
This study presented new experimental data on the development
and optimisation of the simple, energy and cost effective solu-
tion combustion methods with application to the synthesis of cat-
alytic systems for hydrocarbons decomposition aimed hydrogen
and nano structured carbons production. It was found the total
dissolution method noted as third in this work has resulted to
the smallest size of the NiO crystallite which is appeared to be
the key aspect for the high efficiency of the synthesised catalysts
in the targeted application. The developed method contributes to
SHS approaches application in nano technology and natural gas
conversion research and application areas.

Acknowledgments: The authors would like to express
heartfelt thanks for the obtained support via Russian Federation
President scholarships, project number SP-69.2016.
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