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KOMMNJNEKCHE BUPILUEHHA MPOBJIEM EKOJIOTIi 1 YTUI3ALYII MPOMUC/IOBO-NOBYTOBUX BIAXOAIB
HA BA31 TEXHONOTIi «<PECAUKJIIHIY»

KOMMJIEKCHOE PELUEHUE NMPOBJIEM 3KOJIOrMUA N YTUNU3ALUU NPOMbILWIEHHO-BbITOBbIX OTXOA0B
HA BA3E TEXHOJIOTUW «PECAMKJIUHIA»

Annotation. The article presents a concept of a comprehensive solution developed to solve specific problems related to environmental pollution problems.
The main instrument to solve these problems is to use nanomodified natural aluminosilicate in the process of water treatment with subsequent recycling of the
exhaust sorbent, together with wastes of different nature, as charge ingredients in production of ceramic products.

As algorithmic sequence of work stages in water purification section according to the Project is given as an example. The work also contains a list of different
kinds of waters containing inclusions of various nature which are subject to purification, where natural aluminosilicates-based nanosystems work effectively as
sorbents. This large-scale Project is given in the form of a presentation and is ready for implementation.

Keywords: aluminosilicates, comprehensive solution, nanomodification, recycling/waste disposal, ceramic products, water treatment products.

AHoTauif. Po3pobneHa KOHLENL|A KOMMNEKCHOTO BUPILLEHHA KOHKPETHMX 3aBAaHb, MOB'A3aHIX 3 NpobneMamn 3abpyAHEHHA HaBKOMMLIHBOMO CepeoByLLa.
OCHOBHIM IHCTPYMEHTOM Yy BUPIlLEHHI LMX 3aBfiaHb € BUKOPUCTaHHA HAHOMOANGDIKOBAHOTO MPUPOAHOTO anioMOCUAIKaTy NPV OUMLLEHHI BOAW 3 MOAANBLIOK
yTUAi3aLi€lo BiANPaLbOBaHOrO COPOEHTY, a TaKOX BiAXOAIB PI3HOI NPUPOAM B AKOCTI iHFpeiEHTa WKXTY Y BUPOOHULTBI KepamiuH1X BUPOOIB.

Ak NpyKnag, NPYBOANTLCA aNrOPUTMIYHA MOCNIJOBHICTb y3aranbHEHUX eTanis NPOBeAEHHA POOIT MPU BUKOHAHHI NPOEKTY B YaCTUHI OUNCTKM BOAW. [pUBOAUTLCA
nepenik Bof, o MiCTATb JOMILLKM Pi3HOT NPYPOAV | NiANAraloTe OUNCTUI, e ePEKTUBHO NPALIIIOTL B AKOCTI COPOEHTIB HAHOCUMCTEMM Ha OCHOBI MPUPOAHKX aio-
MocunikaTiB. MacluTabHWiA MPOeKT B LiNoMy NpYBeeHO Y BUMNAAI Npe3eHTaLlil i roToBui 1o peanisadii.

KniouoBi cnoBa: aniomMocunikaTii, KOMMIeKCHe PilleHHs, HAHOMOAM®DIKYBaHHS, yTINi3aLlif, KepamiyHi BUPOOYW, MPOAYKTY BOAOOUMCTKN.

AHoTaums. Pa3paboTana KOHLeNUMA KOMMIEKCHOTO PelleHNa KOHKPETHIIX 3aAady, CBA3aHHbIX C NPObeMamyt 3arpasHeRA OKpy»KatoLLel cpeabl. OCHOBHOM 1H-
CTPYMEHT B PELLEHNI 3TVX 3afja4 - 3TO UCMOb30BaHME HAHOMOANPULIMPOBAHHOTO MPVPOAHOTO antoMOCHNKATa MPU OUUCTKE BOAbI C MOCNEAyIOLLEN yTUM3a-
LMern oTpaboTaHHOTO COPBEHTa, a TakKe OTXO0B PasNNUYHOM MPMPO/bI B KaUECTBE VHIPeAMEHTa WIXTbl MPU MPOV3BOACTBE KEPaMUYECKIX V3LeNNil.

B KauecTBe NpuMepa, NPVUBOAWTCA aNropUTMYECKas NoCefoBaTeNbHOCTb 0B606LLEHHbIX 3TanoB MPOBEAEHUA PAOOT NPU BbIMONHERWY MPOEKTa B PasAesne oumc-
TKV BOAbI. [1prBOANTCA NepeyeHb BOA, COAepKaLLvx A06aBKM PasnnMyHOM MPUPOAL 1 MOABEPraloTcA OUNCTKe, rae 3GOEKTUBHO PaboTaloT B KayecTse COPOEHTOB
HaHOCKCTeMbI Ha OCHOBE MPUPO/HbBIX anoMOCUMIMKATOB. MacluTabHbI MPOEKT NPUBEAEH B BUAE NPE3eHTaUUM 1 FOTOB K peanm3aLm.

KntoueBble cnoBa: aniomMocunKaTel, KOMIIEKCHOE peLleHre, HAHOMOADULIMPOBAHYE, yTUIM3aLMA, KepamuiecKne 13aenis, MPOAYKTbl BOAOOUNCTKM.

nanotechnology elements enabling to effectively solve difficult

Transforming industrial and household residual waste, pre-
prepared in form of powder, paste or suspension, into materials or
articles for construction industry includes development of specific
technological processes, chosen according to the industrial and
household wastes’ nature, their chemical composition and amount.

The suggested technology is based on a recycling technology
of manufacturing technical ceramic building materials using indus-
trial and household residual waste of various nature and origin as a
component of furnace charge matter, according to the matrix+mat-
ter method.

This recycling technology's scientific concept is based upon
colloids chemistry of materials science and includes using certain

problems related to the particular condition of the environment.
As of today, the preliminary scientific research results have been
obtained, as well as the technology implementation testing re-
sults, and pilot samples of building materials have been manu-
factured using the ceramic technology, altogether confirming the
significance of the suggested idea [1-9]

We offer a number of recycling based technological solu-
tions to manufacture ceramic materials of different construction
use (road construction elements, ceramic gravel, blocks for con-
struction of outbuildings) where different nature industrial and
household residual waste is used as a component of the charge
matter for manufacturing of ceramic articles [Table 1, Scheme 1].



Industrial and social waste, household garbage and do-
mestic refuse is an artificial newly created environment com-
ponent which is clearly visible to everyone and is one of the
main factors influencing our country’s living environment qual-
ity directly, immediately and comprehensively. Therefore the-
oretical and practical development of technologies of waste
recycling is a part of the Sustainable Development trend, it is
essential and has a potential to be used with practical results
contributing to the higher level of safety of people’s life.

The technology uses a ceramic-making method with
obvious mandatory phase when an intermediate product of
a building article undergoes an annealing process at 10000C
temperature or more, which results in the solid-state reac-
tion allowing binding waste’s hazardous chemical compo-
nents inside ceramic matter as its structural component or
simply containing it within the material which is insoluble
and doesn’t leak poison into environment. As an example,
there are measured data we've obtained for testing imple-
mentation of nanomodified natural aluminosilicates for
treatment of electroplating wastewater with subsequent re-
cycling of the resulting sludge as a charge component in ce-
ramic bricks manufacturing.

The suggested project allows us to solve environment
protection problem in two ways, namely: it allows recycling
of certain waste matter, such as sludge or exhaust sorbenti,
generated as a result of various wastewaters purification
processes, and which previously had had to be disposed of
and stored under special conditions; whereas another pro-
ject's aspect is recycling of waste building materials, such as
ceramics, lime, sand, wood or paper after necessary techno-
logical preparation.

The analysis of tested samples’ technical properties
shows that, according to every classification attribute and
value, defined in regulatory documents, the sludge gener-
ated as a result of treatment of industrial wastewater effluent
with nanomodified sorbents can be utilised through adding
it to furnace charge matter in the process of ceramic bricks
manufacturing on currently operating plants.

Manipulating charge composition and the amount of
the nanomodified supplement added might potentially lead
to a discovery of other still hidden useful effects, like those
that scientists and engineers often observe when working
with nanosystems. Here the crucial significance is attributed
to such factors as modifier’s nature and oxide or aluminosil-
icate surfaces’level of modification. The reason for this is the
system's deficiency growth as a result of the annealing
process of a pre-formed and dried sample containing
nanomodified aluminosilicate which stimulates ceramic ma-
terial sintering process. This leads to the increased thickness
of crystal structure resulting in overall enhanced firmness
and better operational and consumer characteristics.

Analysing earlier results obtained after previous tests when
nanomodified aluminosilicates were applied for treatment of
wastewaters polluted with ions of heavy metals, petrochemicals
(soluble and emulsions), rocket fuel oxidizer and etching solu-
tions, it is possible to draw a conclusion that the suggested in-
novative project is realistically feasible. The given data lets us
affirm confidently that nanomodified aluminosilicates can be
widely implemented for solving global problems of water pu-
rification and environment protection (Scheme 1, Table 1).

As an example, the project implementation’s scheme
in its section devoted to the water treatment technology is
being focused at.

Industrial implementation of the Technology requires
going through several stages, namely:

- assessment of contamination’s chemical composition
and waste water volume;

- familiarization with the already existing industrial waste-
waters treatment technological schemes and equipment;

- choosing an optimal mode of the selected sorbent mod-
ifying method according to the sorbent’s minimal possi-
ble amount criterion defined through test experiments;

- development of a new technological scheme for treat-
ment of industrial wastewater, utilizing either new or al-
ready existing equipment, or modernizing it if necessary;

- industrial wastewater treatment technological proce-
dures development.

Different industries’ waste in Sludge collected after

Aeration Chemical industries waste

form of powder, paste or
suspension. Mandatory
previous assessment before

applying the Recycling

treatment of industrial waters
produced by petrol/gas filling
stations, oil refineries, oil tank
farms, ballast water, etc.

stations’ sludge

water treatment sludge, such
as electroplating waters,
rocket fuel oxidant, acids, etc.

Technology and pre-
conditioning of the waste
matter for further recycling

| l

l |

Preparation of waste matter for being used as a ceramic furnace charge component:
chemical analysis, radiation analysis, examination of the waste matter's behaviour at the annealing stage,
colloidal suspensions structure estimation

|

Prior technological tests on particular charge matter compaosition.
Integrated assessment of the matter being generated, taking into account
the ecological security issues and potential impact on people’s health

l

Choosing an optimal variant of modemisation plan
for an acting ceramic-making facility,
taking into account potential volumes of wastes recycling

I

Description of properties of resulting product according to normative documentation,
consumer properties and certification requirements.
Radioactivity level assessment, medical clearance

Scheme 1.The Innovative Recycling Technology Operating Model



Table 1.

The list of technological processes and products resulting from industrial and household residual waste recycling

The list of industrial and household residual

Industries, resulting product

waste types which are subject to recycling

Sludge collected through the process of purification
of salt or fresh water contaminated with petrochemicals

Generation of organo-mineral nanocomposites. Raw material
for ceramic building materials manufacturing

Sludge resulting from treatment of electroplating wastewater

Components of charge matter for ceramic building materials
manufacturing: bricks, tiles, ceramic sanitary ware

Sludge resulting from remediation of etching solutions
in steel pipe manufacturing

Ceramic building materials manufacturing component

Aeration stations' sludge processing resulting products
(still being developed)

Technical ceramic products manufacturing:
industrial space, ceramic rubble

Rocket fuel oxidant, reprocessed product

Production of nanocomposites, of ceramic building materials
manufacturing charge matter components, mineral fertilizers

Electrocoagulation
Electroflotation

obtained

treatment

| Ready-made product ]

Scheme 2. Waste Recycling Technology

Table 2.

Applying modified aluminosilicate for electroplating
wastewater treatment technological tests results

Industrial waste- Before-trea- Decontamina-
tion duration,

hours

After-treatment
amount, mg/l

waters characte- tmentamount,

ristics mg/l

Bopa ranbBaHUYHOTO BUPOBHULITBA

Cr 28 <0,02

Cu 34 <0,05 1,5-20

cd 24 unavailable

Fe 38 0,02

Ni 12 <0,05

Suspended substances of different dispersive degree
<0,1 um 55 08 0,5
>10 pm 250 1.5 0,5
rovireeas |
Table 3.

Assessment of the efficiency of water treatment
from soluble fractions of petroleum products

Before-trea-
Soluble oil tment soluble oil
products

After-treatment Trea-

soluble oil pro- tment Purification
ducts fractions duration, degree, %
amount, mg/l  hours

products frac-
tions amount,
mg/l

fractions

C8-C26
benzene

5-35 0,03 2,0 99,99-91,43
up to 150 0,1 2,0 99,99

70 |

173 Cong
discharged to d

Dehydration

Oil products contaminated water is
being treated for 48 hours long.
Purification degree is high, and is in
fi with sanitary norms.
The process is controlled.

Scheme 3. The Treatment of Petrochemicals-Contaminated Water
and Sludge Recycling Work Sequence Technological

Table 4.
Tests to evaluate technological properties of ceramic bricks
charge matter containing sludge supplements resulting
from industrial sewage treatment

Charge matter index, composition
Indicators

Choe Chz Chz Chs Chs Chs

23,35/|24,63/25,19//24,49/|25,24/| 25,80/

Moulding humidity, % AH |55, | 19,80 | 20,80 | 19,70 | 19,80 | 20,40

Desiccation sensitivity, C | >180 | >180 | >180 | >180 | >180 | >180

Air-drying shrinkage, % | 6,61 | 640 | 6,24 | 6,62 | 6,54 | 6,70

General shrinkage, % 6,70 | 6,54 | 6,74 | 6,72 | 7,04 | 7,02

Average density, g/cm®* | 1,55 | 1,58 | 158 | 154 | 1,58 | 1,50

Compression limit, MPa | 184 | 19,2 | 200 | 198 | 204 | 218

Water absorption, % 22,28 21,50 21,20 | 21,44 | 21,0 | 20,54

Chois a usual brick-making plant charge mix;

Chz, Cha are samples of charge matter incorperating additional
sludge, consisting of electroplating manufacturing wastewater
treatment products, 1 and 3 % mass, correspondingly;

Chs, Cha contain 1.3 % of sludge mass after treatment of water-
soluble petrochemical fractions contaminated water;

Chs contains 3 % of sludge mass after treatment of ballast water
(seawater).




This approach pertains to the first stage of implemen-
tation of the large-scale project of industrial wastewaters pu-
rification and preparation of resulting by-products to be
further used in the Recycling Technology.

The general scheme of the large-scale project’s full cycle is
given below, in the form (Scheme 2, Table 2, Scheme 3, Table 3).

Using this technology will considerably decrease indus-
trial wastewaters treatment expenses as compared to the
reagent purification method, which is currently used in in-
dustries.

According to this technology, the modified sorbent
consumption ranges from 0.3 to 1.0 kg for 1 m3 of industrial
sewage.

Resulting sludge collected after treatment of industrial
sewage with nanomodified natural aluminosilicate sorbents
can further be recycled as an additional ingredient to a
charge mix in manufacturing of masonry construction ce-
ramic elements, such as ceramic bricks and blocks, ceramic
rubble, etc. (Table 4).

Test experiments to assess the ceramic bricks manufac-
turing charge matter containing nanomodified montmoril-
lonite (bentonite) samples, spent as a sorbent, demonstrated
resulting increase of product’s mechanical strength with simul-
taneous maintaining of other important technological param-
eters within tolerance levels. Modifications of the charge’s basic
composition and alterations of nanomodified component’s
amount followed by technological pre-tests will certainly lead
to further discovery of other useful and still unpredictable ef-
fects, since such discoveries are quite common among scien-
tists and technic specialists working with nanosystems. In this
sense it's worth mentioning the effect of increased density of
nanomodified oxide compositions, which could serve as
model systems. An optimal degree of charge’s modification
leads to the an after-annealing increase of density sample
within a 0.2 — 0.3 g/m3 range, and at the same time the re-
quired density level of a formed sample made from the charge
having pressed nanomodified powder as its main component
could be achieved at lower pressure values [Table 4].

Unlike unmodified samples, the research shows possi-
bility of regulation of structuring process through ferrite
powders surface modifications. o surface modification de-
gree plays a crucial role. System’s deficiency growth, occur-
ring in the process of the pre-formed and dried sample’s
annealing, stimulates the process of generation of liquid de-
fects, which, in their turn, initiate fluid flowing. Altogether it
results in increased density of crystal structure of modified
samples after the annealing process, as compared to that of
a control sample.

Analysis of the said scientific results allows us to make
a definite conclusion that the suggested innovative project
has the big perspective. This technology permits to reach
high levels of industrial wastewater purification and is com-
mercially cost-effective.

The given data lets us make a claim that nanomodified
natural aluminosilicates can definitely be widely used to
solve the global problem of water treatment with removal
of heavy metals ions and water-soluble fractions of oil and
petrochemicals, including ballast water (seawater).

The results acquired from our scientific studies and
technological experiments, a part of which has been relayed
in this article, make it possible to suggest these findings to
other interested parties as a solution for particular tasks at
different industries or as a form of commercial activity.

The project suggests treatment of various nature indus-
trial waste effluent with actual removal of pollutants. Then
the removed matter from the treated water is dehydrated,
stored and, when its amount reaches a certain prerequisite
level, it is collected and dispatched to some operating build-
ing ceramics manufacturers or, alternatively, can be used as

a filling of a furnace charge. The waste matter is added in a
form of sludge of a particular concentration of its solid phase.
The ceramic furnace batch moisture level is then to be ad-
justed, directly at a product moulding section: bricks, tiles,
building blocks, keramzit, lightweight materials etc.

An application of nanomodified natural aluminosili-
cates as sorbents according to the technology of purification
of various nature industrial wastewaters combined with
sludge’s subsequent recycling promotes environment im-
provement, modernisation of ceramics manufacturing tech-
nologies, especially in the aspect of batch’s plasticity
regulation, modernisation of the annealing process and of
influence of addition of wastewater treatment products at
structure and texture of ceramic products, their density and
durability, and their consumer performance.

Conclusion

Technological solutions described in the article are the-
oretically and practically well-grounded, and approbated at a
real production facility. The Project has a definite investment
potential, on condition that recycling and ecology problems
are treated with a serious approach. At the moment there is a
possibility to implement this technology to solve particular
immediate problems of domestic, municipal or industrial
wastewater treatment problems, and also to prevent a nega-
tive influence of a wide range of different aggressive chemical
compounds and substances on the environment. In our opin-
ion, scientific works on treatment of water, including seawater
contaminated with petrochemicals, heavy metals ions or
rocket fuel oxidant, considered in combination with the Recy-
cling technology, deserve a special attention.
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