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ABSTRACT: This paper examines the prospective field of nanotechnology development in the area of wastewater treatment and 
water processing. The introduction showed (no need for comma) that the Russian problem is not the lack of water – but its quality. 
Water treatment is needed to prevent water facilities from pollution. Self-cleaning methods cannot withstand the massive impact of 
pollutants, some of which are unknown for their natural reproduction processes. The degree of purification depends on the concen-
tration of the pollution and the content of different substances within it. The use of nanotechnologies in effluent neutralization (EN) 
processes will allow removing insoluble sludges, wastes of chemical industry, and harmful microorganisms. Methods and materials. 
This work presently uses analytical methods to study nanotechnologies. Nanofiltration and membrane methods are frequently used 
in wastewater treatment. Methods such as arc charge, ablation, and gas-phase deposition are applied to obtain carbon nanotubes. 
Results. The authors describe promising carbon nanomaterials for production of membranes used in purification/decontamination/
desalination of water. The new generation of membranes for filtering, disinfection, and desalination have been shown. These include 
graphene and carbon nanotubes which present absolutely new nanomaterial. Discussion. It was revealed that such membranes 
are characterized not only by a high water percolation rate, but also by extraordinary selectivity. Such membranes are particularly 
promising in the field of biomedicine, as large membranes are necessary for the nanofiltration and desalination processes. Conclu-
sions. This paper examines new ecological and resource-saving technologies making possible improved research, industrial and 
commercial activities (which by means of practical implementation of inventions will lead to improved products), technologies and 
organizational decisions. One of the most promising areas for the development of nanotechnologies applied in waste water treat-
ment is the advancement of membrane technology employing innovative materials, specifically graphene and carbon nanotubes.
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INTRODUCTION

One of the most important global goals is to provide 
the inhabitants of our planet with drinking water of 

high quality.
Water is the most widespread substance in nature (the 

hydrosphere occupies 71% of the Earth’s surface). The 
absence of water makes the existence of microorganisms 
impossible. The Earth’s freshwater plays a special role, 
and its total volume is not large – just 2.5% of the ocean’s 
water mass (approximately 30 billion km3). Earth’s largest 
freshwater resource is in Baikal lake – which is approxi-
mately 23 thousand km3. The vast majority of freshwater is 
hard-to-reach for people in daily life due to it being frozen 
and in the underground water-bearing stratum. Therefore, 

it should be an urgent task to prevent the pollution of the 
bodies of water which are the sources of fresh water [1]. 

People actively consume water after it has been treated 
and processed in numerous activities: at home, in indus-
trial and agricultural production, in some special indus-
tries (the food industry, the production of semiconductors 
and luminophores, and nuclear technologies) as well as 
for medical treatment, chemical analyses, etc.

The world’s technological progresses, which are reli-
ant on the use of natural resources as raw materials, and 
on the development of the technosphere within the area 
occupied by cities and towns having proper infrastructure. 
This has predictably led to ecologically dangerous condi-
tions for human existence. This has occurred due to the 
production and accumulation of large amounts of waste, 
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the negative impact on the environment of industrial and 
household activities due to exhausted natural resources – 
mainly freshwater.

METHODS AND MATERIALS

About half of consumed water turns into wastewater 
which after being treated is discharged into water reser-
voirs.

Effluents (Ef) are waters used in industrial or tech-
nological processes, and are polluted with different sub-
stances as well as sewage (atmospheric) waters, harm-
ful material released into the atmosphere in the form of 
industrial emissions, and return to the Earth as rainfall 
which pollute bodies of water and soil [2, 3].

Residential wastewater is removed by the sewage sys-
tem into waste treatment plants. Rainwater gets into other 
sewage systems and after mechanical treatment is dis-
charged into surface water bodies. Purified effluents from 
small industrial plants (car washes, electrodepositions, 
etc.) can also flow into the stormwater sewage system. 
After extensive purification, landfills with water treatment 
waste produced by large-scale industrial plants can also 
be discharged into bodies of surface water [4].

In fact, due to the negative environmental impact of 
pollutants which are discharged in the air, and the dis-
charge of containments into bodies of water, the penetra-
tion of toxic effluents (which form on solid waste landfills) 
into water used on soil, watershed areas, and bodies of 
water (surface and underground) become intensively pol-
luted. Hence, the task of great importance is to provide 
improved quality control for water in rivers and water res-
ervoirs, and at the same time to design up-to-date waste-
water treatment facilities, which use modern wastewater 
treatment technology [5].

The Russian problem is not the lack of water, but its 
quality. Water in almost all cities (there are more than a 
thousand cities in Russia) is supplied not from water from 
wells but from the surface drainage system. About 75% of 
apartments in cities consume water of low quality. And, it 
is not unlikely, that dangerous microorganisms – as well 
as toxic substances which are widely used in industry – in-
evitably get into water pipes and then into the water supply 
system. A typical city wastewater treatment plant cannot 
neutralize such effluents. Approximately 30% of Russia’s 
population consumes water without any treatment, and 
that is especially dangerous for health. No more than 
10% of the water is purified in Russian regions such as 
Belgorod and Kursk, Adygea, Buryatia and Tyva.

Russia’s management of its water supply is dramati-
cally behind that of EU countries. According to legisla-
tion of the Russian Federation, water must be tested by 
54 criteria for purity. In most regions – due to the lack 
of equipment – this requirement is not met. One can 
compare that with Great Britain where drinking water 

must meet (or pass) 70 criteria for purity, and addition-
ally one hundred thousand additional tests are typically 
performed. In Britain the percentage of drinking water in-
spections which do not meet requirements is a mere .01%, 
whereas in Russia more than 40% of drinking water fails 
prescribed criteria for purity. That indicates a high per-
centage of drinking water is not safe for consumption. For 
example, test results of the water in the Volga river show 
the water is in the third (the lowest) class for purification. 
Water treatment facilities in most cities in Volga take water 
from the river and are required to meet criteria in the first 
class – the highest one. However, in water purity tests the 
presence of phenol, oil products, copper and zinc salts in 
Volga water exceeds the maximum allowable concentra-
tion 5–12 times [7].

Typically, countries in the EU apply UF-technologies 
to treat and purify water, Russia uses mainly chlorum to 
purify water (the Rublev water station  in Moscow em-
ploys ozon).

According to WHO’s data, $1 dollar invested in the 
maintenance of clean drinking water can save from $4 to 
$12 dollars in the healthcare system.

Currently, the number of landfills in Russia which 
are purified does not exceed 65%. Therefore, it is of 
great importance to provide engineering that assures the 
protection of the environment, specifically, to solve the 
technological task of water conditioning and purification, 
to recycle the water supply, and to prevent the pollution 
of bodies of water and to minimize desiccation. Effluent 
purification is an integral part of ecological engineer-
ing, ecosystem services and environmental objects under 
protection [8–13].

Water purification is needed to prevent the pollution 
of major water resources. The natural cleansing-process 
which occurs in nature cannot withstand massive impacts 
of pollutants, and some of them are unknown for natural 
reproduction processes. The degree of purification of wa-
ter depends on the concentration of pollution and the type 
of substances it contains. The use of nanotechnologies 
in the effluent neutralization (EN) processes will allow 
removing insoluble sludges, wastes of chemical industry 
and harmful microorganisms [12–14].

The terms “nanofiltration” and “nanofiltration mem-
brane” appeared only in the late 1980s due to rapid de-
velopment of nanotechnologies. Typically, it is assumed 
that effective size of pores of a nanofiltration membrane 
is several nanometers, though this range sometimes is 
widened up to 100 nanometers (nanotechnological objects 
are commonly considered to have at least one dimension 
less than 100 nanometers). These membranes are in the 
middle position between ultrafiltration and reverse osmo-
sis from the point of view of purification degree: they do 
not pass most part of organic molecules, almost all viruses 
and two (or more) valency ions. All three types of films 
work at nano-level. Thus, one can say, nanotechnolo-
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gies had been used for water purification long before the 
term appeared. Now application of these membranes is 
spreading in Russia and other countries. In Switzerland, 
for example, plants of ultrafiltration, nanofiltration and 
reverse osmosis provide citizens with drinking water from 
lakes and karst subsoil water [15].

Nanofiltration and membrane methods are increas-
ingly used to purify water. Membrane methods to separate 
liquid (and gas) mixtures are based on the application of 
a semipermeable membrane of molecule sizes (thickness 
is not more than 100 nanometers) with selective perme-
ability.  Semi-permeability is the characteristic of the most 
tissues of microorganisms.

Nanotechnology is defined as a set of methods and 
tools which provide controlled creation of the objects 
comprising elements with sizes less than 100 nm (at least 
in one dimension) and, as a result of this, attaining com-
pletely new properties. The studies performed in many 
laboratories around the world show that such proper-
ties of synthesized materials as large specific area, high 
permeability, catalytic activity, resistance to biofouling, 
functionalization ability et al. make it possible to use them 
for obtaining pure water.

Silver nanoparticles are used to decontaminate drink-
ing water and to decrease biofouling of membranes. Na-
no-TiO2 is characterized by high photocatalytic activity, 
and industrial products for clearing water from organic 
admixtures have been designed on the basis of it.

To control quality of water, the detectors employing 
magnetic, optic and electric properties of nanoparticles 
(nano-Au,- SiO2,- CdSe et al.) and nanocomposites 
(there are commercial products) are offered. All these 
nanomaterials cannot be considered in one paper. This 
paper deals with two allotropic modifications of carbon – 
nanotubes and graphene, which are promising for a new 
generation of filters and the creation of membranes and 
filters possessing completely new properties.

A new generation of membranes used for filtration, 
disinfection and desalination is made on the base of gra-
phene and carbon nanotubes which are characterized by a 
high coefficient of water permeability, excellent selectivity, 

resistance to biofouling and strong antibacterial properties 
[16]. So far only a small percentage of such membranes 
and filters are being tested around the world, but their 
commercialization is highly likely to be launched due to 
the explosive growth of graphene production.

Graphene is a two-dimensional crystal consisting of 
one layer of carbon atoms. It can be presented in the form 
of a graphite plane surface, separated from crystal. Car-
bon nanotubes (CNT) are jointless cylinders from one or 
several graphene layers, which the diameter is from .7 nm 
to 100 nm and the length is up to several centimeters with 
open or closed ends (fig. 1).

It is considered, for the first-time carbon nanotubes 
were discovered and described in the early 1990s [17]. 
Soon, unique electric, mechanic, optic and other prop-
erties of carbon nanotubes were demonstrated. They 
were quite promptly applied in practice. The production 
volume of CNT grew at least 10 times within the years 
2006–2012 [18]. CNT in the form of films, coatings, as 
well as a part of composites are used in microelectronics, 
automobile, aerospace and military industries, in produc-
tion of special clothes, sport equipment and medicine 
articles. According to specialists’ forecast, a new excit-
ing area of application is water purification. Experts of 
RUSNANO’s project attempted to apply nanotechnolo-
gies in wastewater treatment, regard nanotubes as a pro-
spective material [19].

Today there are the following methods to produce 
carbon nanotubes: arc charge, ablation and gas-phase 
deposition.

Arc charge: obtaining (carbon nanotubes are de-
scribed in the present paper) electric charge in plasma 
which burns with helium. This process can be performed 
with the use of special technical equipment for fullerene 
production. However, this method also employs other 
modes of arc burning. Burning. For example, current 
density is decreased and cathodes with great thickness 
are used. To provide a helium atmosphere it is neces-
sary to increase the pressure of this chemical element. 
Carbon nanotubes are obtained by spraying. To increase 
their numbers, a catalyst is needed to be introduced into 

Fig. 1. Graphene, carbon nanotube
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a graphite core. Quite often this is a mixture of different 
groups of metals. Then the pressure and spraying method 
are changed. That results in a cathode deposit in which 
carbon nanotubes are formed. They grow perpendicular 
to the cathode and bunch. Their length is 40 microns.

Ablation was invented by Richard Smalley. The main 
idea is that different graphite surfaces vaporize in a reactor 
working under high temperatures. Carbon nanotubes are 
formed as a result of graphite vaporizing in the bottom 
of reactor.

They are cooled and collected with the use of a cooling 
surface. In the first case, the amount of elements was 60%, 
in this method this indicator increased by 10%. The Laser 
method is the most expensive, as it is the most efficient 
one. As a rule, one-layer nanotubes are obtained due to 
reaction temperature change.

Vapor-phase deposition. The Carbon vapor deposition 
method was invented in the late 50s. No one could have 
expected that it would be used in production of carbon 
nanotubes. The first step is to prepare the surface with 
a catalyst. The catalyst can be fine particles of different 
metals, for example, cobalt, nickel and other. Nanotubes 
appear from the catalyst layer. Their thickness directly 
depends on the size of the catalyzing metal. The surface 
is heated to high temperatures and then gas (methane, 
acetylene, ethanol et al.) with carbon is supplied. Ammo-
nia is used as an additional technical gas. This method to 
produce nanotubes is the most widespread. The process 
runs at different industrial plants, so to produce a large 
number of tubes requires less expense. Another advantage 
of this method is that vertical elements can be obtained 
from any metal particles which are catalysts. Produc-
tion (carbon nanotubes are described in details) became 
possible due to research by Sumio Iijima who studied 
using a microscope their appearance caused by carbon 
synthesis.

Membranes consisting of straight, open, vertical nano-
tubes in a dense matrix allow using unique transport prop-
erties of these carbon nanomaterials.

As a rule, nanotubes are grown on the base layer, for 
example, by means of chemical vapor deposition (CVP) 
method, then the gaps between them are filled in such 
a way to make water flow to pass only along the channels 
of nanotubes. Sometimes CNT are synthesized in macro 
pores of base layers (for example, of aluminum oxide). 
Self-assembly approaches are used too.

 According to authors’ estimations [20], membranes 
with .03% nanotubes in a dense matrix can be more ef-
ficient than all available reverse osmose systems for sea 
water desalination. Solvated ions which are larger than 
inner diameter of nanotube remain in sea water. Passing 
of finer ions can be stopped by functionalization of CNT. 
For example, membranes of nanotubes with diameter 
about 2 nm in silica nitride synthesized by authors [21] 
owing to functionalization of CNT did not pass 91% of 

ions with a size .95 nm when filtering. Calculations of 
molecular dynamics prove efficiency of CNT usage in 
sea water desalination [22].

RESULTS

Promising carbon nanomaterial for the creation of 
membranes for purification/decontamination/desalina-
tion of water is the use of graphene and carbon nanotubes. 
These elements are completely new representatives of 
nanomaterials. They possess frame structures which differ 
from graphite or diamond by their characteristics. That is 
why they are used much more often than other materials.

For many years researchers have been using carbon 
nanotubes where application is not limited only by one 
area. The market position of this material is weak as there 
are some problems concerning large-scale production. 
Another important issue is a high cost of CNT which is 
about $120 dollars for 1 gram.

Graphene membranes and filters can be used in waste-
water treatment in all stages: from drawing of water from 
natural sources to the places where it will be consumed 
or used. These are new generation of membranes for fil-
tration, disinfection, desalination. Very low resistance 
is possible when water passes through nanotubes, and 
capillary-like effect in graphene reduces resource and 
energy-consumption. Membranes are resistant to bio-
fouling, and they possess antibacterial properties which 
can be increased by the functionalization of Ag or TiO2 
nanoparticles or antibiotics. Functionalization with CNT 
makes it possible to create analogues of aquaporin “water 
channels”. Due to high rate of water penetration in com-
bination with extra selectivity graphene membranes can 
efficiently derive freshwater from the sea.

Today only a small part of graphene membranes and 
filters are being studied in pilot tests. Scarce information 
on commercial use is available. The filters Seldon Nano-
mesh TM is an exception. According to its manufacturers, 
filtration material consists of carbon nanotubes, absor-
bent coal and fibers. Filters remove 99.999% of bacteria, 
99.99% of viruses, colourants, lead and cadmium, pesti-
cides and herbicides, Ce137 etc. They are applied in water 
purification processes in dwelling blocks and in portable 
devices used in army or humanitarian aid.

DISCUSSION

As it is known, in the 2004 future Nobel Prize Lau-
reates Andre Geim and Konstantin Novoselov obtained 
innovative material, having separated layers from regular 
graphite by means of a tape. They were awarded with the 
Nobel Prize in Physics in 2010 “for advanced experiments 
with two-dimensional material – graphene.” By that time 
many laboratories all around the world had received the 
results which indicated particular electronic, optic, me-
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chanical, thermal and other properties of graphene. Re-
cently unique membranes on the basis of graphene have 
been produced.

The authors of [23] created pores with .4 nm diameter 
(void density is 1012/cm2) in graphene by means of ion 
bombardment method and further etching process, they 
were the first who demonstrated selectively fast transfer 
of ion in one atom membrane. Permeability is 50 times 
more than that of regular membranes used in water de-
salination. The authors consider their membrane are par-
ticularly promising for biomedicine use as big membranes 
are needed in nanofiltration or desalination processes. 
The scaling problem can be solved by applying so-called 
graphene oxide instead of graphene which can be easily 
obtained as a result of the delamination of preoxygenated 
graphite into separate layers.

The authors of [24] created a membrane with one 
micron thickness. It consists of layers of graphene oxide 
interconnected in the way similar to the multilayer struc-
ture in mother-of-pearl. Such membrane is impermeable 
for all gas, vapours and liquids, but water easily passes 
through it.

The researchers explain that as a result is the forma-
tion of the graphene nanocapillary grid in the graphene 
oxide layers. Diffusion of many molecules is blocked by 
the reduction of capillaries under low moisture and/or 
by filling them with water. The new work [25] shows that 
such a membrane is characterized not only by a high rate 
of water penetration but also by extraordinary selectivity. 
Hydrated ions with radiuses more than .45 nm cannot 
pass through it, and smaller ions are efficiently captured 
into capillaries (according to authors’ data [26–28], phe-
nomena take place if the pressure on the ion is > 50 atm). 
A challenge for future research is to decrease the size of 
capillaries in order to use such membranes in the desali-
nation of sea water. 

CONCLUSION

Carbon nanotubes play an important role in innova-
tive technologies. Many experts predict growth of this 
area in the near future. Dramatic increase of productive 

capacities will cause a decrease of product prime cost. 
Having dropped in price, demand for nanotubes will in-
crease, and that will make them an indispensable material 
for many devices and equipment.

Unfortunately, one should admit, despite notable Rus-
sian scientific achievements, production of grapheme, 
CNT and new materials based on them is restricted, and it 
is too early to speak about implementation of membranes 
of a new generation.

The reasons for slow progress are the technical ob-
stacles, and high cost for manufacturing. But these are 
temporary problems. One need merely to remember the 
history of the development of polymer membranes, which 
first laboratory samples were obtained in our country 
about 50 years ago. Within several years, the assortment 
of membrane and membrane elements was widened, and 
purposeful cooperation between researchers, technolo-
gists and government bodies launched rapid develop-
ment of membrane technologies. Hopefully, membrane 
technologies will keep the same scenario. At this, one 
shouldn’t forget important issues concerning the safety 
of application of nanomaterials. Certainly, the probability 
that – when using membranes – carbon nanotubes or 
graphene nanoplates will get into environment is rather 
low. But this may happen in the production process, re-
cycling, transportation or utilization. It is necessary to use 
unique characteristics of synthesized materials to avoid 
possible toxic effects.

Development of new ecological resource-saving tech-
nologies will lead to improved research, production and 
commercial activities, when implemented in practice re-
sults in the appearance of better products, technologies 
and organizational solutions. One of the most promising 
areas for development of nanotechnologies concerning 
water treatment and water conditioning is membrane 
technology with innovative materials. Expansion in the 
application of nanotechnology in this area will inevitably 
will lead to increased content of nanomaterials in Russia’s 
vast and critical water resources. Therefore, the develop-
ment of analytical methods aimed at determination of 
nanoparticles becomes a separate issue. Methods pro-
posed today are complex, too expensive and restricted.
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