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The article discusses certain nanotechnologies’ key aspects: their rapid
development, purposes, and uses. The types of certain nanotechnology
generation are explained. Emphasis on the use is given to the cleaning of
drinking water, in particular, sewage and ballast water. The latter is dis-
cussed at the level of the publisher and organizer of the international wa-
ter industry—Global Water Intelligence. The variety of ways of applying
nanotechnologies to reduce pollution of aquatic environments is presented,
and the disadvantages are emphasized. The article is descriptive and ap-
plied to help the reader understand the essence of the growth of the nano-
technology boom in several different technologies, ways, and distribution
methods. A comparison of nanofiltration membranes with reverse osmosis
(SWRO) systems is provided, concerning to processes at the nanoscale lev-
el, namely, the use of semi-permeable membranes, which allow only mole-
cules of a certain size to pass through; the pore size in such membranes is
measured in nanometers. Therefore, reverse osmosis is an example of a
nanoscale technology that is widely used for water purification. The arti-
cle contains, as a research part, an illustrative example of the application
of the nanotechnological principle of the self-discharge filter in the inno-
vative process of disinfection/purification of ballast water according to
the quality standard D-2 of the IMO Convention, based on an experimental
level by the developers of the Danube Institute of the National University
‘Odessa Maritime Academy’ (DI NU ‘OMA’; Izmail, Ukraine). It is shown
how, with the help of its effective application process, the level of final
destruction of invasive foreign organisms in ballast water increases. In
the discussion of the article, it is stated that this filter will significantly
reduce the labour costs of the marine ships’ engine crew for the produc-
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tion of high-quality distillate and will allow to improve the cleaning and
washing of the filter working elements of the modernized ships’ SWRO.
In particular, shortly, these are ceramic membranes, which will be com-
mercialized and industrialized in the areas of water purification and de-
salination, as opposed to the use of the SWRO and nanofiltration mem-
branes. The application No. 1059B162300675 submitted by the applicant,
Candidate of technical sciences, Docent of the Department of Management
in the Transport Industry of the DI NU ‘OMA’ of the Ministry of Educa-
tion and Science of Ukraine Nataliia Tiron-Vorobiova (2216B—TUBITAK-
TWAS Postgraduate and Postdoctoral Fellowship Programs 2024-2027),
refers to the use of ceramic membranes: Ballast Water Treatment System
(BWTS) using Ceramic Membrane Filtration Method, Electrooxidation
(EOx) Development and Ecological Assessment. The application provides a
key decision (quotation): ‘Recently, research has mainly focused on im-
proving adequate, cheap, and aquatic-safe ballast water management sys-
tems (BWTS). However, most of these treatment processes alone do not
meet all the required discharge quality indicators; they require modifica-
tion. Thus, there is a significant need for innovative environmental tech-
nologies and clean, cost-effective, sustainable maintenance of safe sea-
water sources. Recently, the integration of electrochemical (EOx) process-
es with improved membrane filtration processes has been considered as a
means to overcome this barrier. The main idea is aimed at creating mod-
ern BWTS that meet the requirements of the quality standard D-2 of the
IMO Convention. BWTS developed based on experimental research within
the bilateral project Ukraine—Tiirkiye (‘2514 TUBITAK ve MESU ikili
isbirligi Program:’, 2021), is innovative, multifunctional, based on high
nanotechnological principles.’. Against the background of the driving ad-
vantage of the use of nanofiltration, reverse osmosis, special attention is
be paid to the acceptance of ‘nanotechnology: the environment’ (because
the latter remains under threat) with the participation of the increasingly
widespread use of nanotechnological approaches.

Y crarTi posriaamamTbhCad KJOYOBI aCHeKTH IeBHUX HAHOTEXHOJOTIN: iXHIin
CTPiMKUII PO3BUTOK, IIPU3HAUEHHS Ta BUKOpUCTaHHA. IlodgcHIOETHCA IIeBHI
TUIN T'eHepallii HAHOTeXHOJOri#. AKIEeHT poOMThCA Ha BUKOPUCTAHHI AJIA
OUMUINEeHHA IINTHOI BOAM, 30KpeMa, CTiuHuX BoA i GamacTHux Bojx. Ocramme
o6roBopoBaJiocAd Ha piBHI BuMAaBIA I opraHisaTropa MiKHapogHOI BOAHOL
ranysi Global Water Intelligence. Ilpexncrasieno pisHomMaHiTHI cmocodu 3a-
CTOCYBaHHA HAHOTEXHOJIOTiM IJid 3MEHINIeHHs 3a0pyqHEHHA BOXHOTO cepe-
IOBHUINIA Ta 3a3HaueHO Hemoaiku. CTaTTd Mae OMMCOBUH i MPUKJIATHUN Xa-
pakTep, 1100 JOMOMOTTH YMTAYEBi 3pO3YMiTM CyTh 3pOCTAaHHA OyMy HaHOTE-
XHOJIOTi¥I y KiJIBKOX IIeBHUX DPIBHUX TEXHOJOTifAX, HIIJIAXax i MeTomax IIO-
mupeHHa. HaBemeHo mopiBHAHHS HaHO(MiJbTpaIifiHMX MeMmOpaH i3 cucre-
MaMu 3BOpOTHBOI ocmosu (SWRO) miono nporeciB Ha HAHOPiBHI 3 BUKOpPUC-
TaHHAM HAIiBOPOHUKHUX MeMOpaH, AKi MPOMYyCKAaIOTh JIUIIE MOJEKYJIU IIe-
BHOTO pPO3Mipy; po3Mip mop y Takux MeMOpaHax BUMIipIOETHCA B HAHOMET-
pax. OTiKe, 3BOPOTHA OCMO3a € MPHUKJIALOM HAHOMACIITAOHOI TeXHOJIOTii,
fKa IIIUPOKO BUKOPUCTOBYETHCA OJA oumineHHA Bogu. CTaTTd MIiCTHUTH SAK
IOCIIZHUIIBKY YaCTUHY iJIOCTPATUBHUH IIPUKJIAL 3aCTOCYBAHHA HAHOTEXHO-
JIOTIYHOTO HNPUHIIUITY caMopo3paxHoro ¢iabTpa B iHHOBaIiiiHOMY IIpoIieci
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Iesin(iKyBaHHA/OUMUINEHHS 6ajJlaCTHUX BOJ BiATIOBiZHO A0 CTAaHAAPTY AKOC-
™1 D-2 Koupeniii IMO, 3acHOBaHOMY Ha eKCIIepPHMMEHTaJbHOMY PiBHi poas-
pobrukamu JlyHatickkoro inctutrytry HamionanbHOro yHiBepcurery «Opmech-
Ka Mmopcbka aragemia» (I HY «OMA»; Ismain, Ykpaiuma). Ilokasamo, AK
3a MOIOMOTO0I0 e(GeKTHUBHOTO IPOIleCcy HOro 3aCTOCYBAaHHS IIiABUINYETHCA Pi-
BeHb OCTATOYHOTO 3HUINEHHS iHBasilHWMX CTOPOHHIX opramismiB y 6GaacT-
HUX Bojgax. B 0oOTroBOpeHHi cTaTTi 3a3HaueHo, IO Ieil (ijabTep 3HAYHO IIO-
HU3UTH BUTPATU MpAaIli MAIIMHHOTO eKillakKy MOPCHKOTO CyAHa Ha BUPOOHU-
IITBO BUCOKOAKICHOTO AUCTUJIATY Ta AACTh 3MOTY IOJIIIIIIUTH OUMUIINEHHS Ta
IPOMHUBAHHSA pPOOOUMX eJeMeHTiB @iabTpa MOIEepPHiIZ0BAaHOTO CYZHOBOTO
COOII. 3oxpema, HaAWOJMKYIMM UYacOM caMe KepamiuHi memOpanu OyAyTH
KOMepIliflizoBaHi Ta NPOMMCJIOBO BIIPOBAIKeHI B cdepax OUHUINEHHA Ta
ompicHeHHA BoAM, Ha Binminmy Bix Bukopucrtamasa COOII i manodinsTparii-
HuX mMeMOpaH. 3adgBka Ne 1059B162300675, momama 3aABHMKOM — K.T.H.,
IomeHTOM Kadeapu MeHeIKMeHTY B TpaHcmoptHiit ramysi I HY «OMA»
MinicrepctBa ocBiTu i Haykm YKpainum Tipon-Bopob6iioBoto Harasmieio
(2216B 3a IIporpamoio cTHUIEHIi# [AJs acHipaHTiB Ta IIOCTAOKTOPAHTIB
TUBITAK-TWAS 2024-2027 pokiB), cTOCyeThCs BUKOPHCTAHHS KepaMidu-
HuUX MeMOpaH: cucrteMu ouuineHHs OamactHux Boj (COBB) 3 Bukopucran-
HAM MeToAy (inbTparnii uepes KepamiuHi MeMOpaHu, PO3POOKU €JIEKTPOO-
kucHeHHs (EOX) Ta eKoJsoriuHoi OmiHKHK. 3asgBKa MIiCTUTh KJIOUOBE pillleH-
Ha (murara): «OcTaHHIM yacoM AOCJi)KEeHHS B OCHOBHOMY 30CepelsKeHi Ha
BIOCKOHAJIEHHI aleKBaTHUX, JEIIeBUX Ta 0e3MeYHUX IJA BOLHOTO CePemo-
BUIa cucteM ymupaBiaimua 6amactaumu Bogamu (COBB). Oxmax 6inblricTh
XX TPOIeciB OUHUINEHHA caMi mo cobi He BiAIOBiZalOTh yciM HeOOXimgHUM
MOKAa3HUKaM SAKOCTI CKHIiB; BOHHM IMOTPeOyroThL Momudikaiii.». Takum um-
HOM, € 3HauHa moTpeda B iHHOBAIIMHMX €KOJIOTIYHWX TEXHOJIOTigX i umeTo-
My, €KOHOMiuHO e(peKTHBHOMY, CTAJIOMY OOCJIYTrOBYBaHHiI 6e3meUYHHX IKe-
pen MopcbKoi Bomu. OcramHiM uyacom iHTerparis enektpoxemiunux (EOx)
IIPOIeCciB 3 YAOCKOHAJEHNMHU IIpollecaMu MeMOpaHHOI (inbTparii poariaazna-
€ThbCS K 3acid momosaHHS Iboro 6ap’epy. OCHOBHY ifei0 cIIpAMOBaHO Ha
crBopeHHa cyuacumx COBB, 110 BiAmoBiZaloThL BEUMOTraM CTaHAAPTY SKOCTHU
D-2 Komseumii IMO. COBB, pospobjieHa Ha OCHOBiI eKcCIepUMeHTaJIbHUX
OOCJTiMKeHbh Yy paMKax [IBOCTOPOHHBOTO IIPOEKTy VYKpaina—Typeuumma
(«2514 TUBITAK ve MESU Ikili Isbirligi Programi», 2021), ¢ imHOBamiii-
HOI0, 6araToG)yHKI[IOHAJIbHOIO, 3aCHOBAHOI0 HA BUCOKUX HAHOTEXHOJOTiUHUX
npunnunax. Ha Tiai pymriifinoi mepeBarm 3acTocyBaHHS HaHO(iabTpanii,
3BOPOTHBLOI OCMO3M, OCOOJIMBY yBary Oylae HPUOiJIEHO IPUUHATTIO «HAHOTE-
XHOJIOTil: MOBKinasi» (OCKiZIBKM OCTAHHE 3aJUINAETHCA Il 3arpo30i0) 3a-
BIOSAKY BCe OiJIBII IMTMPOKOMY BUKOPHCTAHHIO HAHOTEXHOJIOTIUHUX ITiAXO/IiB.

Key words: nanofiltration, nanofiltration materials, reverse osmosis, ma-
rine environment, ‘softening’ membranes, self-discharging nanofilter.

KarouoBi cmoBa: HamodinbTpallis, HamohimbTpallifini marepiaam, 3BOPOTHA
0CM03a, MOPCbKE CEpPEeNOBUIIE, «IIOM’ AKIIYBAJIbHI» MeMOpaHU, CAMOPO3PAL-

Huii HaHODiILTED.
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1. INTRODUCTION

Water is a rich source of valuable resources, whether it is chemicals
in industrial wastewater, minerals in geothermal brines, or water
itself. Interest in efficiently capturing and reusing products from
the aquatic environment is growing, creating opportunities for
technologies such as nanofiltration. Global Water Intelligence
(GWI), a leading publisher and event organizer serving the interna-
tional water industry, provides an essential guide to exploring this
key technology for resource recovery.

Stricter water quality standards have led to increased demand for
efficient membrane filtration technologies such as nanofiltration.

1.1. Nanofiltration as a Circular Economy

Nanofiltration (NF) (Fig. 1) is a type of semipermeable membrane, a
thin selective barrier used to filter liquids in many industries. Posi-
tioned between reverse osmosis and ultrafiltration, nanofiltration is
the second densest membrane with a pore size ranging between 1—
10 nanometers. Nanofiltration membranes are available in various
configurations, with the most common being spiral membranes;
however, hollow fibre membranes have gained popularity since Pen-
tair X-Flow introduced them in 2013. While polymeric NF materials
dominate the market, other options include ceramics and cellulose.

Pressure is required to push the liquid through the membrane, with
the permeate passing through while the concentrate is rejected. Parti-
cles can be rejected not only by size exclusion, but also by the chemistry
of the membrane surface, selectively attracting or repelling certain
contaminants based on their charge or chemical affinity.

Nanofiltration can purify high-quality water with less energy
consumption than reverse osmosis (RO). For applications that do
not require the removal of high levels of dissolved salts, nanofiltra-
tion membranes can be a useful alternative to RO, capable of re-
moving bacteria, viruses, organics, and divalent ions.
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Fig. 1. Nanofiltration [1].
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Nanofiltration was initially used for sulphate removal in the oil and
gas sector, but now, it is applied for various purposes such as water
softening, drinking water treatment, and purification of many indus-
trial wastewater and brines. Recently, NF has also been employed for
removing emerging contaminants from drinking water.

Nanofiltration aligns with the principles of the circular economy,
primarily by reclaiming high-quality water suitable for reuse, but
the recovery of other commodities such as biomass, minerals, and
chemicals is gaining momentum in the market [1].

Nanofiltration should be used with fresh water and low-salinity
brackish water if it contains heavy metals or microbiological con-
tamination. In such situations, reverse osmosis will produce overly
pure water that will need to be demineralized, increasing the cost
and complexity of the purification system.

2. MAIN PROBLEMS: GOALS AND SOLUTIONS
2.1. Water Pollution and Nanotechnology [2]

How can nanotechnology be used to reduce water pollution?

Nanotechnology is utilized to address three very distinct water
quality issues.

One problem involves removing industrial water contaminants from
groundwater, such as a solvent used in cleaning called TCE (trichloro-
ethylene). Nanoparticles can be employed to transform the contami-
nant through a chemical reaction to render it harmless. Research has
shown that this method can effectively capture contaminants dis-
persed in underground aquifers at significantly lower costs than meth-
ods requiring pumping water from the ground for purification.

Another complex issue is the removal of salt or metals from wa-
ter. The deionization method using electrodes made of nanofibers
shows promise in reducing costs and energy requirements for con-
verting saline water into potable water.

The third problem lies in standard filters being ineffective
against viral cells. Currently, a filter with a diameter of just a few
nanometers is being developed to be capable of removing viral cells
from water.

3. MAIN TEXT. WATER POLLUTION: APPLICATION
OF NANOTECHNOLOGY IN DEVELOPMENT

3.1. Research

Researchers at the University of Tokyo demonstrated the use of
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fluorine nanochannels for salt removal from water.

Researchers at EPFL demonstrated a water filter powered by so-
lar panels, which utilizes nanowires of titanium dioxide (TiO,) and
carbon nanotubes for water purification.

Researchers at Brown University demonstrated the creation of
water filters using short channels between graphene sheets, allow-
ing water to pass through but blocking larger contaminants.

Researchers at North-Western University developed a nanocom-
posite coating that can be applied to a sponge to absorb oil but repel
water.

Researchers at Nagoya University demonstrated the use of ami-
no-modified nanocarbons for removing heavy metal ions from wa-
ter.

Researchers at RMIT University and the University of New
South Wales demonstrated a filter made of nanosheets of alumini-
um oxide, which can filter water for both heavy metals and oils.

Researchers at the University of Cincinnati demonstrated a
method for removing antibiotics contaminating waterways. The
method utilizes vesicle nanoparticles that absorb antibiotics.

Researchers at the Pacific Northwest National Laboratory devel-
oped a material for removing mercury from groundwater. The ma-
terial is called SAMMS, which stands for Self-Assembled Monolay-
ers on Mesoporous Supports. This involves taking a ceramic particle
with many nanosize pores on its surface and lining the nanopores
with molecules containing sulphur atoms on one end, leaving a hole
in the centre lined with sulphur atoms, as shown in the SAMMS
figure. They line the nanopores with sulphur-containing molecules
as sulphur binds to mercury, trapping mercury atoms inside the
nanopores.

3.2. Usage

—Nanosponges with a reactive nanoparticle layer covering a synthet-
ic core that easily magnetizes. For example, silver nanoparticles, if
bacteria are a problem, attach to pollutants or kill them. Then,
when a magnetic field is applied, the nanosponges are removed from
the water.

—Pellets containing nanostructured palladium and gold as catalysts
for breaking down chlorinated compounds polluting groundwater.
Since palladium is very expensive, researchers formed pellets of na-
noparticles that allow nearly every palladium atom to react with
chlorinated compounds, reducing processing costs.
—Enzyme-functionalized micromotors for removing carbon dioxide
from water.

—Graphene oxide for removing radioactive material from water. Re-
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searchers found that graphene oxide patches absorb radioactive ions
in water. Then, graphene oxide forms clumps that can be removed
from water for disposal.
—Graphene as membranes for inexpensive water desalination. Re-
searchers have found that graphene with nanopores a nanometer or
less in size can be used to remove ions from water. They believe this
can be used for desalinating seawater at a lower cost than reverse
osmosis methods currently used.
—Carbon nanotubes as pores in reverse osmosis membranes. This can
reduce the power required to operate reverse osmosis desalination
plants as water molecules pass through carbon nanotubes more easi-
ly than through other types of pores. Other researchers are using
carbon nanotubes to develop small inexpensive water purification
devices needed in developing countries.
—Carbon nanotubes for oil spill clean up. Researchers found that
adding boron atoms during carbon nanotube growth results in the
nanotubes growing into a sponge-like structure that can absorb oil
many times its weight.
—Nanoparticle-like hairs (nanohairs) for capturing and measuring
mercury contamination levels in water.
—Integration of nanomembranes with solar energy to reduce the cost
of seawater desalination.
—Iron nanoparticles for cleaning groundwater from tetrachloroeth-
ylene contamination.
—Addition of graphene oxide to sand filters to enhance their ability
to remove pollutants from water.
—Silver chloride nanowires as photocatalysts for decomposing organ-
ic molecules in polluted water.
—Electrified filter consisting of silver nanowires, carbon nanotubes,
and cotton for bacteria eradication in water.
—Nanoparticles capable of absorbing radioactive particles polluting
groundwater.
—Iron nanoparticle coatings allowing them to neutralize dense hy-
drophobic solvents polluting groundwater.
—Nanodroplet mats for absorbing oil spills.
—Iron oxide nanoparticles for arsenic removal from water wells.
—Carbon nanotubes with a gold tip for capturing oil droplets pollut-
ing water.

Antimicrobial nanofibers and activated carbon in a disposable fil-
ter as an inexpensive means of purifying contaminated water.

3.3. Nanofiltration is Sometimes Used for Wastewater Treatment

It provides higher flow rates and consumes less energy than reverse
osmosis systems. The design and operation of nanofiltration are
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very similar to ‘nanofiltration, considerably similar to reverse os-
mosis’, with some differences.

The main difference is that the nanomembrane is not as ‘tight’ as
the reverse osmosis membrane. It operates at a lower feed water
pressure and does not remove monovalent (i.e., those with one
charge or valence) ions from water as effectively as the RO mem-
brane.

While an RO membrane typically removes 98—99% of monovalent
ions such as chlorides or sodium, a nanofiltration membrane typi-
cally removes 50% to 90%, depending on the membrane material
and manufacturing. Due to its ability to remove effectively divalent
and trivalent ions, nanofiltration is often used for water softening,
leaving a smaller impact on the overall content of dissolved solids
than RO. For this reason, it is called a ‘softening membrane’. Nano-
filtration is often used to filter water with low levels of dissolved
solids, remove organic matter, and soften water.

As it is a ‘looser membrane’, nanofiltration membranes are less
likely to foul or scale and require less pretreatment than reverse
osmosis systems. Sometimes it is even used as pretreatment for re-
verse osmosis.

Nanofiltration can be used in various water and wastewater
treatment applications for economically efficient removal of ions
and organic matter.

In addition to water purification, nanofiltration is often used in
the manufacturing process for pharmaceuticals, dairy products,
textiles, and bakeries.

In particular, WaterProfessionals® have extensive experience in
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Fig. 2. How nanofiltration works [3].
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applying nanofiltration systems to address water purification chal-
lenges (Fig. 2).

3.4. Sea Water Reverse Osmosis (SWRO) Systems on Maritime Vessels

Steam vacuum systems from leading manufacturers such as Alfa
Laval, Mitsubishi, and others, according to design documentation,
are expected to produce high-quality distillate on-board maritime
vessels. However, in practice, due to changes in the operation
modes of the main engine, the temperature of the water in the in-
ternal circuit of the engine, which serves as the heat carrier of the
ship’s desalination plant, may vary. As a result, the obtained distil-
late may not always meet the 1.5-ppm standard after desalination.
The obtained permeate does not meet the quality standard, leading
to fouling of the internal circuit of the main engine’s diesel genera-
tors. This increases the deposition of solid scale and loose sludge in
the engine rooms of internal combustion maritime diesel engines
(ICME) and boiler drums, requiring additional use of expensive rea-
gents for water treatment.

Currently, on new vessels, Sea Water Reverse Osmosis Systems
(SWRO) are being additionally installed alongside existing steam
vacuum systems, reducing energy costs for desalinating seawater.

Energy costs can be analysed using reversible thermodynamic
processes. From thermodynamic principles, it follows that any wa-
ter desalination method will be most efficient if it includes a ther-
modynamically reversible process. Energy calculation to determine a
reversible system serves as the lower bound of energy for any other
process [4].

To obtain large volumes of freshwater, a significant amount of
seawater must be used, where, as a result of desalination, we obtain
pure permeate and highly concentrated NaCl brine, which is com-
pletely drained overboard.

The ratio of produced freshwater to the volume of seawater re-
quired to obtain freshwater is called the water recovery coeffi-
cient—a.

In practice, a reverse osmosis desalination system cannot be a re-
versible process; there will always be losses depending on the coeffi-
cient.

v
a= s
V+V,

(1)

where V is the volume of fresh water (‘sweet-water’) produced; V, is
the volume of water remaining after the desalination process has
not been converted into fresh water (‘sweet-water’). It is usually
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called brine or concentrate.

For example, if the system processes 1000 L. of seawater:
V+V,=1000 L and, at the same time, receives 400 L of fresh wa-
ter: V=400 L, and 600 L remain as brine, then, the water recovery
coefficient will be:

a = 400/(400 + 600) = 400/1000 = 0.4.

This means that 40% of the original seawater was converted into
fresh water.

Actual work considering losses are in a formula, more specifically
taking into account osmotic pressure and water volume. This for-
mula takes into account that the volume of seawater exceeds the
volume of fresh water (‘sweet-water’) by the water recovery coeffi-
cient:

W=PV(1—1J, 2)
a

where P is the osmotic pressure, V is the volume of pumped water.

For most engineering calculations, this simplified version of this
formula is used, which directly relates the volume of fresh water to
osmotic pressure and water recovery coefficient.

Another example. Let us say we need to get 100 L of fresh water.
Osmotic pressure P is of 5 bar (this is approximately of 0.5 MPa).
The water recovery coefficient a is of 0.4 (40% of the original sea-
water is converted into fresh water).

The actual work done by W is of 0.075 MdJ (megajoules).

To convert into more convenient units, for example, kWh, you
can use the following conversion:

1 MJ=0.27778 kWh.

So, to obtain 100 L of fresh water under these conditions, it is nec-
essary to expend approximately 0.0208 kWh of energy.

It is sufficient to provide an example by comparing the Alfa La-
val VSP-36-C-125 steam vacuum unit, which has a capacity of 36
m?®/day, with a permeate quality of 1.5 ppm and consumes 52
kWh/m? [5]. In reverse osmosis units, energy consumption will be
five to ten times lower depending on the membranes used [6].

In recent years, reverse osmosis systems have gained widespread
popularity for water purification and desalination, with the use of
nanotechnology.

The FiiZK Aqua membrane filtration technology (see, for instance,
https://fiizk.com/en/news-from-fiizk /water-purification-and-
desalination-solutions-for-land-based-farming-and-parasite-control/)
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Applications
Membrane Filtration Pore Size (pm) Raw Water Source Desalinated Application
Ultraflitration (UF) 001-10 Sea water No Intake water for land-
based facilities
Nanofiltration (NF) 0001 -001 Sea Waler Brackish Partially (3-22 %) Prevention & treatment
water Salty of parasitesintake
groundwater water for land-based
facilities
Reverse Osmosis (RO) | <0.001 Sea water Yes (0.3 %o) Intake water for land-
based facilities

Fig. 3. Applications (MF)/Seawater [3].

utilizes membrane filtration to stop unwanted substances. The use of
membranes is intended to prevent contamination by organic and bio-
logical contaminants (parasites, bacteria, and viruses).

The membrane pore size determines the fraction that can be re-
tained through filtration and our installations offer means for (Fig.
3):

—ultrafiltration (UF; pore size of 0.01-1.0 pm),
—nanofiltration (NF; pore size of 0.001-0.01 pum),
—reverse osmosis (RO; pore size < 0.001 pm).

A significant drawback of using SWRO systems in the maritime
fleet is the high operating pressure of up to 100 bar required to
achieve the quality standards of the obtained permeate. All types of
installations are compelled to flush the working membranes from
heavy metals, salts, and other inclusions, and discharge them over-
board along with the brine, causing significant harm to the marine
environment and biodiversity.

4. DISCUSSION

In earlier works, the authors proposed a catalyst capable of obtain-
ing crystalline salt from the brine obtained during seawater desali-
nation with minimal costs, using modern crystallizers to produce
technical-grade salt in maritime conditions.

The scientific breakthrough in creating nanotubes, which subse-
quently found application in the production of nanomembranes for
seawater desalination in SWRO installations, provided enormous
potential for reducing energy consumption and operating pressure
from 80 bars to 3 bars. The material used to produce nanotubes
consists of sheets of carbon atoms. Their density is so high that on-
ly seven water molecules can pass through their cells, and the rate
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of seawater passage through nanotubes is 5000 times higher than in
synthetic membranes. This effect has not found a complete explana-
tion in science and requires further study. The quality of the ob-
tained fresh water is 0.5 ppm, and energy consumption does not ex-
ceed 2 kWh/m? [7, 8].

According to the authors of the article, a decision has been made
to propose the creation of a nanodischarge automated filter with
disks made of nanocarbon tubes in the development and testing of a
ballast water treatment/disinfection system created at the Danube
Institute of the National University ‘Odesa Maritime Academy’
(Izmail, Odesa region, Ukraine) in accordance with the IMO Conven-
tion D-2 quality standard (Fig. 4).

Such a filter will significantly reduce the labour costs of the ship’s
crew for the production of high-quality distillate and improve the
cleaning and flushing of the filtering elements of the modern SWRO
ship system.

The advantage of the self-cleaning filter lies in providing the in-
stallation with a high level of invasive species destruction in ballast
water treatment. The disc filter is used for filtering fine-dispersed
suspensions; it consists of a housing in which a hollow shaft with
perforated discs mounted on bearings is connected to the shaft cavi-
ty (Fig. 4).

Filtration cloth is fastened to the surface of the discs using
clamps. During filtration, the shaft with the discs remains station-
ary, and the filtrate passes through the filtering partition inside
the discs, then into the hollow shaft, and is discharged from the
top. A sediment layer forms on the upper and lower surfaces of the
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Fig. 4. View of the disc self-cleaning filter [4].
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discs. After filtration is completed, the suspension is drained, and
flushing liquid is supplied inside the shaft and discs, while the
shaft with the discs is rotated by an electric drive.

Due to centrifugal forces, sediment is removed from the discs
and discharged from the bottom of the filter. Then the filtration
and flushing cycles are repeated. The positive quality of the filter is
automatic sediment discharge.

The application of existing technologies from such company as
CJC™ for purifying circulating lubricants and heavy fuel for ship
engines provides the authors with practical experience and acquired
expertise. Regarding ballast water treatment, proposed fine purifi-
cation filters can be successfully applied since the density of oil is
significantly higher than the density of ballast water, which in-
creases the fluid’s permeability.

5. CONCLUSION

According to experts, nanotechnologies will become a driving force of
the industrial revolution and will change our way of life. Research
and development in nanotechnologies are on the rise in the pursuit of
original and useful things, and while there is a boom in factory pro-
duction, little is being done to ensure the safety of society and the
environment.

According to the National Science Foundation of the U.S.A., over
the next decade, nanotechnologies are expected to ‘capture’ 1 tril-
lion dollars of the world market. Nanotechnologies promise enor-
mous potential benefits in improving almost all types of industrial
products. However, on the other hand, the question arises: are they
safe? The increasing number of scientific studies and government
reports warns that created nanoparticles may pose a danger to hu-
man health and the environment, although there have been few
studies on their toxicity.

Considerable efforts have been made to overcome the shortage of
clean water, and nanotechnologies are a strong candidate for rapid
development. Research and commercialization of polymer RO and
NF membranes began in the early 1960s. So far, two types of mem-
branes dominate the water desalination market: cellulose-based
membranes (CA) and thin-film composite membranes (TFC). The
most representative products, such as TS40, TS80, and AD-90, were
developed over 30 years ago, and since then, there have been no
significant changes due to low production costs and a high level of
salt rejection. New research directions in barrier layers of TFC
membranes include improving resistance to contamination, as well
as chemical and thermal stability. Meanwhile, microporous supports
can be optimized to increase mechanical strength and permeability.
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Inorganic RO and NF membranes have been studied on a labora-
tory scale for water purification since the 1980s. The most typical
ceramic membranes are metal-oxide membranes and carbon-based
membranes. The main method for synthesizing metal oxide mem-
branes is the sol—gel technique, which requires further optimization
for particle size and distribution control. The efficiency of mixed
matrix membranes (MMMs), made from both organic and inorganic
nanomaterials, is excellent, but they are too expensive compared to
other membranes. Therefore, it is important to understand the eco-
nomic competitiveness of MMMs, as well as their potential applica-
tion.

Although nanotechnologies are leading the way in the develop-
ment of RO and NF membranes for water purification, there are
still technical and scientific problems that need to be addressed be-
fore more advantages can be gained. Despite the difficulties that
need to be overcome, it is very likely that ceramic membranes will
be commercialized and industrialized in water purification and de-
salination in the near future [9].

Thus, nanotechnologies encompass a wide range of technologies
for controlling the structure of matter at the atomic and molecular
levels. A nanometer is one billionth of a meter, the length of a
chain of 10 adjacent hydrogen atoms; the thickness of a human hair
is approximately 80.000 nanometers. It is difficult to imagine
something so small, let alone believe that it can be used in manu-
facturing processes [10].

At such a microscopic level, matter behaves differently than in
our everyday life in this world dominated by ‘classical Newtonian
physics’. In the nanoworld, ‘the properties of matter are determined
by a complex and rich combination of classical physics and quantum
mechanics’, as stated in an exclusive online issue of Scientific
American in January 2006. Moreover, in larger quantities, minia-
ture nanomaterials can have enormous power due to their signifi-
cantly higher surface area to volume ratio. As the particle size de-
creases and its reactivity increases, a substance that may be inert
on a micro or macroscale can acquire hazardous properties on a na-
noscale [11].

Regarding social and ethical issues, according to Vital Signs
2006-2007, serious concerns are not limited to safety and health
impact; broader social and ethical implications need to be studied.

As with other forms of black carbon, such as carbon nanotubes,
there is an increasing risk to the environment and/or public concern
that graphene-based/(restored) rGO (GO—graphene oxide) nano-
materials will be found in natural water bodies due to their diverse
applications. In addition, these nanomaterials may play an im-
portant role in biogeochemical activity due to their high mobility in
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the environment. These nanoadsorbents may also contain various
toxic chemicals due to potential impurities.

Therefore, comprehensive research is needed to develop environ-
mentally friendly methods for producing clean nanomaterials based
on graphene/(restored) rGO and to assess the toxicity and biocom-
patibility of these nanomaterials.

‘The nanotechnological revolution is driven by profit—it is not a
necessity for human development; as long as poverty and social in-
justice are fundamental problems, new technologies will never be a
universal solution to them’, as stated in the Vital Signs report.
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