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Abstract

Oil exploration waste, also called produced water, contains hazardous pollutants, such as benzene; benzene, toluene,
and xylene (BTX); naphthalene, phenanthrene, and dibenzothiophene (NDP); polyaromatic hydrocarbons (PAHs); and
phenol. Produced water is characterized by high chemical oxygen demand (COD) and oil content, which exceed the
standard limits of regulation. In this study, the combination of ultrafiltration (UF) and ozone pre-treatment and post-
treatment were applied for treatment of produced water to minimize its environmental impact. Produced water and
membrane were characterized, and their ultrafiltration performance for removal of oil content, benzene, toluene,
xylene, and COD. Two commercial Polyethersulfone membranes, with molecular-weight cut-off values of 10 and 20
kDa, were used. The membrane flux profile illustrated that ozone pre-treatment had higher normalized flux than UF
only. Separation performance was evaluated based on flux profile and removal of COD, oil and grease content,
toluene, and xylene. Significant finding was found where the combination of UF with ozone pre-treatment and post-
treatment could significantly eliminate COD, oil content, toluene, and xylene. The rejection of these components was
found higher than conventional process, which was in the range of 80% to 99 %. In addition, almost oil and grease
can be removed by using this combined system. Permeate quality of this system confirmed the acceptable level as
water discharge. © 2019, Budapest University of Technology and Economics. All rights reserved.
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Abstract

Biogas plants are a specific facility from the QRA (Quantitative Risk Assessment) methodologies' point of view, especially in the case
of the determination of the event frequency of accident scenarios for biogas leakage from a gas holder and subsequent initiation.
QRA methodologies determine event frequencies for different types of accident events related to vessels made of steel. Gas holders
installed at biogas plants are predominantly made of other materials and are often integrated with the fermenter. It is therefore a
specific type of gas holder, differing from that which is commonly used in the chemical industry. In addition, long-term experience is
not available for the operation of biogas plants, unlike in the chemical industry. The event frequencies listed in the QRA methodologies
are not relevant for the risk assessment of biogas plants. This work is focused on setting the prerequisites for QRA of biogas storage,
including for example: information on hazardous chemical substances occurring at biogas plants, their classification, and information
on the construction of integrated gas holders. For the purpose of the work, a scenario was applied where the greatest damage
(to life or property) is expected. This scenario is the leakage of the total volume of hazardous gas substance from the gas holder
and subsequent initiation. Based on this information, a "tree" was processed for "Fault Tree Analysis" (FTA), and frequencies were

estimated for each event. Thereafter, an "Event Tree Analysis" was carried out. This work follows up on a discussion by experts on the

determination of scenario frequencies for biogas plants that was conducted in the past.

Keywords

biogas, leakage, scenarios, Fault Tree Analysis, QRA

1 Introduction
Biogas plants are technologies where potentially hazardous
substances are produced or stored. The major hazardous
substance is biogas with the main hazardous property being
its flammability. Under EU Directive No. 2012/18/EU, in
Europe most facilities have a below-limit quantity of haz-
ardous substances. Facilities with an over-limit quantity of
hazardous substances are the exception. An example is the
NAWARO BioEnergie Park in Giistrow, where cogenera-
tion units with a total output of 20 MWel [1] are located.
There an excessive amount of hazardous substance (bio-
gas) can be expected. In this case, the biogas consumption
with a methane content of 50-55%vol is approximately
9600 — 10000 m? per hour.

For the purpose of quantitative risk analysis (QRA),
it is necessary to have a knowledge of the frequencies of

events of accident scenarios. These frequencies of events
are possible to determine based on recognized methodol-
ogies for QRA in the chemical industry, such as Dutch
CPR 18 or methodology by HSE (UK Health and Safety
Executive). Unfortunately, these methodologies do not
consider construction materials other than steel. However,
some important elements of biogas plants are often made
from different materials. For example, the gas holder is
made from EPDM material.

The research of professional works has shown that dis-
cussion on this topic is very limited in professional circles.
The work by Heezen et al. [2] is an exception. This work
states that the National Institute for Public Health and the
Environment (RIVM) has proposed that companies that
process safety documentation for a biogas plant falling
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Abstract

In this paper, the reduction duration of (CuO)X-(NiO)m,X)and (CuO)X-(Co3O4)(1,X) binary mixtures was studied using thermogravimetric
method. The reduction reaction was performed using copper, nickel and cobalt oxides as metal precursors and methane gas as the
reducing agent, under atmospheric pressure. The products as well as the raw materials were characterized and analyzed using X-Ray
diffraction (XRD) and Energy Dispersive Spectroscopy (EDS). Initially, CoO, NiO and CuO were transformed to Co, Ni and Cu through
reduction reactions with 23 Vol.% of methane at 830 °C. Results demonstrated that the reduction times of NiO, CoO and CuO NPs with
CH, at 830 °C were 14, 39 and 47 min, respectively. EDS and XRD analysis indicated that more than 97 % of copper, nickel and cobalt
oxides were transformed to copper, nickel and cobalt NPs. The reaction time of (CuO)X-(NiO)H,X)and (CuO)X-(Co3OA)“,X) binary mixtures

with methane was investigated to evaluate the effect of CuO (x=0, 0.4, 0.6, 1) relative composition. In addition, the reaction time of

ternary mixture of (NiO), -(CuO),,-(Co,0,), ,with methane gas was also studied.

Keywords

binary metal, Cu-Ni, Cu-Co, methane, the reduction time, thermogravimetric method

1 Introduction
In recent years, the synthesis of metallic Nanoparticles
(NPs) and their mixtures in comparison to micro-struc-
tured materials have attracted many researchers due to
their unique features including fine particle sizes and high
surface to volume ratio [1, 2]. Among metallic nanopar-
ticles, copper, nickel, cobalt and their binary and ternary
mixtures possess great significance in various industrial
applications which stem from their outstanding physical
and chemical properties. In this regard, unique electrical,
catalytic and thermal characteristics along with high sur-
face to volume ratio, resistance to corrosion, great flexibil-
ity and strength are considered as their main features [3-6].
Copper-nickel and copper-cobalt binary nanoparticles
(BNPs) are consisted of copper and nickel and cobalt and
copper metals, respectively, which provide many appli-
cations in different fields, compared to single-metal cop-
per, nickel and cobalt nanoparticles, due to the composi-
tion of different percentages, varied particle sizes and the

coexistent properties of both metals (copper and nickel or
copper and cobalt) [7-11]. Nickel is completely mixed with
copper and the resulting alloy only contains one phase in
any ratio. The most important property of nickel-copper
alloy is the variation in the thermal expansion of the alloy
with the amount of nickel, making it possible to make alloys
with defined and precise thermal expansion. The presence
of nickel in copper-nickel alloy increases the hardness
which maintains even at high temperatures [12-14].

Cu-Ni and Cu-Co BNPs not only possess the combined
properties associated with the presence of both copper
and nickel and copper and cobalt in the mixture, but also
it is expected that this composition can induce new chem-
ical, biological, mechanical, and thermal properties, due
to the correlation between the metals in the binary mix-
ture. Binary nanoparticles (BNPs) are generally nano-
sized multi-purpose materials which are used in various
applications. In fact, application of these materials can
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Abstract

A new crystal structure of catena-(bis((u,-cubane-1,4-dicarboxylato)-(N-methyl-2-pyrrolidone)-zinc(ll)) N-methyl-2-pyrrolidone solvate)
(1) was prepared by solvothermal method. The crystal structure of the compound was analyzed by single-crystal X-ray diffraction.
It has a PT space group, with lattice parameters a = 10.7190(4) A, b = 10.8245(5) A, ¢ = 10.8403(8) A, a = 80.291(5)°, B = 70.0015(5)°,
y =77.531(4)°, V= 1147.97(12) A%. The secondary building units of 1 consist of 2 central Zn ions, coordinated by 4 carboxylate groups
in a bis-monodentate way, forming a square planar configuration of Zn,(CO,),, known as paddle-wheel units. The paddle-wheels
are connected by cubane-1,4-dicarboxylic acid linkers at the edges, resulting in a two-dimensional coordination polymer with a
square lattice (sql) underlying network topology. The axial sites of the zinc atoms are occupied by N-methyl-2-pyrrolidone molecules.
In this new crystal structure the two-dimensional polymer planes are interstacked by weak dispersion bonds. The axial N-methyl-
2-pyrrolidone solvent molecules determine the distances of planar polymer planes. The thermal properties of this new structure
were studied by thermogravimetry/mass spectrometry in inert atmosphere. It was found, that the organic linkers in the framework
structure do not decompose below 200 °C. The stochiometry of the activated compound is Zn,[C,;H (COO0),],(C,H,NO),, as determined
by thermogravimetry in oxidative atmosphere.
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1 Introduction

Metal-organic frameworks are porous coordination poly-
mers with crosslinks [1]. Multifunctional linkers, for
example carboxylates can form strong covalent-like multi-
dentate bonding with the metal centers, resulting in robust
coordination polymer structures with high thermal stabil-
ity [2, 3]. In the crystalline MOF structures, the rigid, met-
al-containing clusters, the so-called secondary building
units (SBUs) at the vertices are interconnected by organic
linkers. The most important metal-organic framework is
MOF-5 [2], which builds up from Zn,0(CO,), SBUs at
the nodes and terephthalate linkers at the edges. Since the
discovery of MOF-5 more than 20000 MOF structures
were reported [3]. The combination of hundreds of SBUs

and thousands of organic linkers led to discover of thou-
sands of new MOF structures each year. Metal-organic-
frameworks are typically microporous compounds with
exceptional high porosity and surface area enabling many
potential industrial applications, for example gas-storage,
heterogeneous catalysis, molecular separation, molecular
sensing or drug delivery. For a common description of the
family of MOFs, Yaghi and coworkers introduced the prin-
ciple of reticular chemistry based on the design of topol-
ogy of framework structures [4]. For example, MOF-5 has
Zn,0(CO,), SBUs with six points of extension (carbox-
ylate groups) and ditopic terephtalate linkers, so MOF-5
has a 6-c primitive cubic (pcu) underlying topology with
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