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COMPLEX TECHNOLOGY FOR PROCESSING
SOME ORGANOMINERAL WASTE

Important environmental problems related to the processing of municipal wastewater sludge have been discussed.
The proposed technological solution includes the following stages: sludge pretreatment; its thermal decomposition with
formation of high-energy gas; production of organo-mineral fertilizers and synthetic soil; obtaining of fuel pellets; recycling
of ash residue at the stage of thermal decomposition for obtaining metal oxide mixes, coagulants, construction and

decorative materials.

Keywords: housing waste, sludge, recycling, high-energy gas, organo-mineral fertilizers, and high-purity oxides.

The situation in waste management in Ukraine
does not comply with the concept of sustainable
development, which provides for an inextricable
link between its well-balanced economic, envi-
ronmental, and social components. Huge amount
of waste that has accumulated mostly in unsuit-
able areas and whose number is constantly grow-
ing, causes irreparable damage to ecosystems and
is one of the factors that call into question the fu-
ture development of sustainable development con-
ception. Irrespective of our wishes the world is
gradually turning into a huge dump [1].

It is clear that only radical measures can sig-
nificantly change the situation. One of them is
deep processing of accumulated waste aimed not
only at reducing its volume, but also at utilizing,
to maximum extent, their energy and resource
potential. The critical state of environment in
most parts of the country casts doubt on the pros-
pects for progressive social development. Indeed,
fewer and fewer opportunities remain for provid-
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ing people with high-quality water, clean air, and
eco food, with anthropogenic impact on ecosys-
tems continuously growing as a result of outdated
and imperfect technology and excessive energy
consumption of entire industries.

The situation with waste management in
Ukraine mirrors the global problem. According
to [2], under current conditions, if the humanity
decides to abandon the consumer economy, if it
wants to pursue a policy of saving natural re-
sources, where waste is minimized and most re-
sources are used efficiently, it is necessary to take
action immediately. As Hugh Thomas, one of
well-known experts in the field of recycling puts
it, there is no waste in the nature [2]. If in the
existing ecological system something dies and be-
comes unnecessary, it can be successfully used in
other ecological system. The humanity can take
everything valuable from waste-free production
in the nature, but it needs to create new technol-
ogies and radically change the way of thinking.

Feasibility of maximum possible use of waste
as secondary raw material is almost unchallenged
today. Moreover, the benefit of such an approach



Kashkovsky, V.1., Yevdokymenko, V.A., Kamensky, D.S., Tkachenko, T.V., and Vakhrin, V.V.

L _,—5
i 1
.f\n
. o | 3
: :/—2
L] [ ] [ ] _1
9

Scheme of laboratory plant for high-temperature fast pyrol-
ysis with recirculation of gaseous phase: 7 — reactor; 2 — in-
duction heater; 3 — raw material; 4 — thermal decomposi-
tion products; 5 — cooling device; 6 — separator; 7 — gas
storage capacity; 8 — valve for gas supply from gas reservoirs
to the circulation pump; 9 — circulation pump; 70 — valve
for plant vacuuming (at preparation stage) and separation of
circulating gases (for analysis)

can be confirmed by many examples when the
target recycling has proved itself to be signifi-
cantly environmentally friendly, more efficient,
less energy-intensive and less expensive. Wide-
scaled implementation of best practices for waste
recycling enables to materially reduce not only
the need for raw materials, but also the cost of
targeted products and the human impact on the
environment [3—13].

An important component of generated and
accumulated waste is the organic waste, includ-
ing: biomass sewage sludge and sediments of
treatment facilities; substandard residues of ag-
riculture, municipal sector, food and processing
industries; household and industrial organic
waste (paper, cardboard, textiles, packaging,
plastics, rags, etc.); secondary processed wood
(sawdust, shavings, leaves, lignin), peat, river
and lake sapropels.

52

Almost all these types of waste are a serious en-
vironmental problem. In this regard, the biomass
sewerage sludge and sediments of treatment fa-
cilities would seem to present few difficulties be-
cause of their relative stability, predictability, and
concentration in certain places. However, this is
not the case. Firstly, their processing using the
existing technological solutions is extremely en-
ergy-intensive, inefficient, and unprofitable. Sec-
ondly, because of constant increase in the volume
of arriving wastes that is comparable to that of
processed ones, the area under deposits continues
to steadily expand, which requires land acquisi-
tion at the expense of lands for other purposes,
including the agricultural lands.

Given the contamination with pathogens that
accompany activity of microorganisms contain-
ing in the sludge ponds and are released to the
environment, this simple, at first glance, waste
becomes much more harmful.

The waste distribution by utilization methods
varies significantly among the countries. In the
United States, it is distributed as follows: fertil-
izers (36%); incineration (16%); field waste de-
posits (10%); waste ponds (38%). Distribution in
Western Europe is as follows: fertilizers (33%,
with an upward tendency); waste deposits (15—
20%, with subsequent reduction in the share due
to banned waste storage and disposal); incinera-
tion (4—11%, with an expected significant growth
in the future by as a result of closing the land-
fills); landscape reclamation (about 10%); and
composting (1—3%). Apparently, there is no sin-
gle approach and it is hardly anticipated, whereas,
in our opinion, the waste management system
must be based exclusively on the «turn waste into
profit» principle.

The aim is to develop effective approaches to
processing organo-mineral waste (municipal wa-
ste water sludge) with low- or zero waste scheme
for their implementation.

Given this, the scheme for processing organo-
mineral waste has been proposed in this work. It
is based on the following phases: waste pretreat-
ment that may use one or more process lines, de-
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pending on the ultimate goal; obtaining of orga-
no-mineral soil or fertilizer; thermal recycling of
waste using advanced technological solutions to
obtain high-energy gas; production of mixed bri-
quetted fuels; fractionation of ash residues of or-
gano-mineral waste thermal processing; manu-
facture of building materials for use in residential
and non-residential construction; creation of re-
agents with coagulating properties for treatment
of wastewater of different nature and origin. At
first glance, the presented scheme is simplified,
but, as one can see below, its elements specify the
most important issues to be addressed to make
this scheme low- or zero-waste and the resulting
products marketable with good prospects for
further use.

OBTAINING OF ORGANIC SOILS
OR ORGANO-MINERAL FERTILIZERS

One of the promising ways of using municipal
sludge is production of organo-mineral fertilizers
or artificial soil [14—17]. This way has many var-
ious benefits. On the one hand, it reduces huge
volume of accumulated sediments. On the other
hand, there is no need to use scarce and expen-
sive fertilizers to enrich and to increase the or-
ganic component in soil using natural regenera-
tive substances. In addition, the soil is enriched
with macro- and micronutrients, nitrogen, phos-
phorus, magnesium, calcium, zinc, copper, mo-
lybdenum, manganese, cobalt, and other ele-
ments from the sludge.

The main obstacle is a risk of contaminating
the areas where the sludge is stored and processed
with heavy metals and pathogens. It entails the
need for developing the necessary guidelines, leg-
islative framework and standards. The environ-
mental problems that may occur after the use of
sludge have been studied in many research cen-
ters around the world.

It should be noted that in recent decades, the
share of humus in the soil fell drastically. For ex-
ample, as of 2005, the area of degraded and unpro-
ductive arable land in Ukraine exceeded 5 million
ha or 12.2% of the total agricultural land. Such a
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pace of «progress» in this area cannot but raise se-
rious concerns. The amount of humus accumulat-
ed in soils for many hundred thousand years has
decreased from 14 to 7% for the black soil in last
50 years and from 8 to 4%, on average, in the fer-
tile soils of Ukraine. It should be kept in mind that
if its content in the soil is below 1.5% the land is
deemed to loss ability to self-recovery.

The way out of this difficult situation, in addi-
tion to total rejection of consumer attitude to the
land, is reclamation of topsoil using biomass as
problematic waste. Not focusing on the known
facts it should be noted that wastewater sludge
(WWS) recycling for its use as fertilizer (or or-
ganic soils) shall not be carried out unless the
content of heavy metals and pathogens in sludge
and the composition of soil to which sludge is
planned to be added are strictly monitored and
the maximum permissible concentration (MPC)
of heavy metals is elaborated and justified.

Taking into account the above mentioned risks,
the possibility of use of WWS from Kaniv treat-
ment plants where the first stage of the process is
anaerobic digestion in psychrophilic conditions
has been studied [18]. Samples were collected at
wastewater treatment plant (WWTP) facilities
in four locations of sludge bed where the sedi-
ments have been stored within one year after for-
mation. The selected samples were ground to a
smooth consistency and stirred to get a bulk com-
position. Moisture content was measured by
weight loss after 3-hour drying at 105 °C: Sample
1 and Sample 2 had a moisture of 24.26% and
25.10%, respectively. Organic to inorganic ratio
was determined by thermal decomposition in air
in a muffle furnace, at 600 and 900 °C. The results
are presented in Table 1.

According to [19, 20], the sludge used for fer-
tilizers must have at least, 4.0%, 1.0%, and 0.6%
portion of organic matter, nitrogen, and phospho-
rus, respectively. The content of heavy metals in
the samples prepared in accordance with GOST
215600-82 requirements was determined by
atomic absorption method wusing Quant-Z.
ITA.-T spectrometer. The results of tests of three
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Content of Organic and Inorganic Components and Biogenic Elements

in Sludge Digested in Anaerobic Psychrophilic Conditions, %

Table 1

Thermal decomposition at 600 °C Thermal decomposition at 900 °C Biogenic element content
Samples
Organic component | Inorganic component | Organic component |Inorganic component Nitrogen Phosphorus
1 43.1 58.7 424 57.6 21 1.8
2 42.0 58.1 429 571 21 1.8
Table 2
Heavy Metals Content in the Sludge (mg/kg of dry matter)
Method Cr Mn Ni Pb Cd Sr Fe Zn Co Al Ag
1 78 92 99 30 1,8 69 19 292 390 4,2 4809 17
2 88 103 94 29 1,6 76 20474 346 5,2 5719 16
3 86 108 91 29 2,4 73 15141 417 6,2 6703 18
* 750 2000 200 750 30 300 25 000 2500 100
ok 5000 7000 900 2000 250 600 45000 9000 300

* — permissible toxicological indices of fertilizers suitable for the use in agriculture [19];** — permissible toxicological
indices of fertilizers suitable for the use in forestry, green construction, and land reclamation [19].

samples taken in various points of Kaniv WWTP
sludge pond perimeter are given in Table 2.

Some discrepancies in the content of heavy
metals for the samples 1-3 can be explained, main-
ly, by the fact that the sludge was brought to the
pond at different times and obtained from treat-
ment of waste waters having various level of con-
tamination. At the same time, all samples have a
heavy metal content within the permissible range
(Table 2), which enables to consider such sludge
as material for organic soil (or organo-mineral
fertilizers).

Given maximum permissible concentration
(MPC) of heavy metals for local type of soil and
their existing background content sludge hygien-
ic load has been estimated by formula:

H,,, = (MPC — C) x3x10%/C,

where H, is permissible sludge hygienic load on
soil; MPC is maximum permissible concentration of
metals in soil, mg/kg; C is metal content in sludge,

mg/kg of dry matter; 3x 10 3 is conversion factor.

Comparing the results with standard values gives
reason to refer the studied sludge to a group of
fertilizers to be used for growing grain, fodder,
and industrial crops at a dose of 4—5 t/ha (dry
matter) annually, or more than 15 t/ha every
three years. The content of heavy metals is also
suitable for the use of these fertilizers in forestry,
green construction, and land reclamation at doses
equivalent to the conventional fertilizers.
To detect the presence and viability of pathogens
in the sludge stored or deposited at the pond dur-
ing a year under atmospheric conditions, the
sample 1 and sample 2 were prepared by heat dry-
ing at a temperature of 105 °C and without heat
treatment, respectively. The sanitary and micro-
biological studies were carried out in microbio-
logical laboratories of Boryspil Interdistrict De-
partment for Laboratory Research. No helminth
eggs were found in the sample 1, while the sample
2 contained viable eggs of Ascaris lumbricoides.
Since the majority of wastewater treatment
plants in Ukraine does not foresee any sludge de-
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contamination that is mandatory for the use of
sludge as an organic fertilizer or soil, the ultimate
goal cannot be achieved unless it is implemented.
Among the known decontamination methods,
thermal and chemical methods, as well as long de-
position and composting are noteworthy.

In our view, the most rational way is organic
sludge composting with different fillings. On the
one hand, this method gives a valuable product
and, on the other hand, it is a purification that
makes municipal sludge safe for environment.
Waste biodegradation ensures physical and
chemical transformations of organic substrate to
form manure, a stable humified final product that
is a valuable organic fertilizer and a means of im-
proving the soil structure. Necessary input data
for the design and creation of appropriate com-
posting systems at WWTPs have been collected.
In general, research activities in this direction are
relevant, important, and necessary. This is likely
the only way to restore the potential of different
soils through balancing content of biogenic ele-
ments, microelements, and organic component.

To develop the use of municipal sludge as or-
ganic soil or components of organomineral fertil-
izers, field research of organo-mineral fertilizer
based on Bortnychi WWTP sludge that had been
proved highly effective for growing potatoes was
designed and carried out. The samples were taken
from different maps located within a chain of pre-
viously selected sludge pond and thoroughly
stirred up until homogeneous. Then, metal con-
tent was determined in (mg/kg of dry matter) as
Cr (348), Mn (260), Ni (34), Pb (370), Cd (20),
Sr (98), Fe (13500), and Zn (760).

The studied sludge mix has been found to meet
permissible toxicological indicators of fertilizers
suitable for the use in agriculture [20]. Table 3
shows the composition of produced organo-min-
eral fertilizer used for planting Spartan potato in
gray sandy soil. The yield of the reference section
was 130 kg/ha, while that of the trial section was
220 kg/ha, i.e. it increased by 69.2%. In addition,
the quality of potato grown in the trial section dif-
fers from that grown in the reference one. Table 4
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Table 3
Composition of Produced Organo-Mineral Fertilizer

Component content
No Components
Weight content %

1 Sludge from Bortnychi
Aeration Station 201.7 40.7
2 Urea 48.0 9.7
3 Potassium sulfate 70.0 141
4 Phosphoric flour 59.2 11.9
5 Clinoptilolite 100.8 20.3
6 Ammonium nitrate 15.8 3.2

Table 4

Quality Indices of Potato Grown at Trial
and Reference Sections

Quality indices Rszf:p?;ze Trial samples

Starch content, % 12.6 14.8
Yield, hwt/ha 130 220
Content of microelements,
mg/kg of dry matter

Cu 1.4 1.7

Mg 3.0 6.0

Fe 33.3 43.5

Zn 18.4 19.5

shows the comparative characteristics of potatoes
grown in the trial and reference sections.

Proceeding from the analysis of data in Table
4, the application of produced organo-mineral
fertilizer to the section for growing potato leads
to a significant increase in its yield and in the
content of starch and microelements in potato.
The obtained results are important both from
the standpoint of effective use of municipal waste
and in the view of creating a stock of effective
organo-mineral fertilizers. The importance of
this direction lies in the fact that the abuse of ar-
tificial (or mineral fertilizers) whose production
isaccompanied by huge raw and power consump-
tion is very harmful for land and water resources
and pollutes air.
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OBTAINING OF HIGH-ENERGY GASES

Thermal treatment is the most widespread (af-
ter deposition) method for municipal waste treat-
ment, although it is quite expensive, especially, for
getting the samples with required moisture con-
tent. The most widespread method of sludge dis-
posal is incineration (combustion). There are nu-
merous proposals concerning the organization of
this process, with diversified equipment for com-
bustion in fixed bed, dynamic and fluidized bed
furnaces designed. Despite its relative simplicity,
the prospects for widespread use of simple com-
bustion, when the resulting heat is not always uti-
lized, are questionable. More effective methods
are pyrolysis and gasification, and among them, in
our opinion, the most interesting is thermal de-
composition under rapid heating when the desired
temperature is reached for 0.5—1 minutes. Fast
pyrolysis enables to organize continuous closed
production process without gum formation and to
reduce energy costs by, at least, 30%, i.e. to signifi-
cantly cheapen the final product.

The possibility of fast pyrolysis by thermal de-
composition of various organic materials: sludge
from biological WWTP (Ukraine, Kyiv, BSA)
and (Bursa, Turkey): switchgrass Panicum virga-
tum L., pine sawdust, rubber crumb, and polyeth-
ylene terephthalate (PET) waste. The samples
were heated by induction heater KX-5188A25.

Reactor temperature (1100 °C) was set by induc-
tion currents based on the experimental condi-
tions. Varying inductor’s power enables to adjust
the intensity of heating for 10—25 seconds i.e. to
take into account the heating rate and time factor
of material stay in the reactor. The raw material is
downloaded 5 hours. Before run, the plant is
purged with nitrogen in order to ensure a slow-
down in oxidation processes that lead to the for-
mation of undesired carbon dioxide when gener-
ating high-energy gas. For the circulation of gases
generated, the process scheme foresees a circula-
tion pump with a capacity of 30 1/h.

The Figure shows the scheme of laboratory
plant for high-temperature fast pyrolysis. Table 5
contains the results obtained for thermal decom-
position of organic waste of different origin. It
can be seen that the amount of hydrogen gas as a
component of energy varies from 15 to 50%, de-
pending on the type of material. For PET, hydro-
gen yield is the lowest because of its negligible
content in the material. Pyrolysis of pine sawdust
and switchgrass yields hydrogen and carbon
monoxide at concentrations that are relevant to
the content of these components in rubber crumb.
Carbon monoxide yield is fixed at 42% for PET
that contains a lot of oxygen in its structure. A
comparison of the municipal sludge has showed
that Kaniv WWTP sludge is the most mineral-

Table 5

Chemical Content of Gaseous Phase Obtained
by Thermal Decomposition of Organic Waste in Fast Heating Mode

Content in gaseous phase, % (vol.)
Gas
component Sludge of BAS, Rubber . Sludge Sludge . !
Ukraine PET crumb Switchgrass of Kaniv WWTP | (Bursa, Turkey) Pine sawdust
H, 49.2 /53.3 15.5/17.2 31.5/34.5 36.5/43.8 26.1/33.2 30.5/43.3 32.5/441
N, 5.5/4.0 4.6/4.2 1.0/3.5 2.6/3.2 3.8/5.1 3.9/5.0 4.3/5.8
CO 23.7/30.8 41.8/45.9 35.3/37.0 31.8/37.8 29.4/32.6 34.3/31.6 33.0/49.0
CH, 4.8/3.6 8.4/6.4 7.1/6.1 6.4/5.3 5.1/3.9 6.9/5.7 6.7/5.6
Hy‘émiag’ons 0.9/0.5 1.2/0.8 1.0/0.8 0.9/0.2 1.1/0.4 1.0/0.5 1.0/0.2
2 7
CO, 16.1/7.9 28.5/25.5 24.1/18.1 21.7/9.7 34.7/24.8 23.4/14.0 22.5/5.4
56 ISSN 2409-9066. Sci. innov. 2017, 13(3)
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ized [21]. High mineralization is reported also for
sludge from Bursa WWTP, where the effluents
are treated with lime. Finally, BAS sludge has the
highest content of organic matter, which deter-
mines its highest effectiveness in terms of flam-
mable components (Table 6).

Generated gas recirculation through the heating
area with carbon ensures increase in the quantity of
hydrogen and carbon monoxide, with that of car-
bon dioxide and methane decreasing for all samples
studied. This means the generated gas recircula-
tion through the heating area ensures carbon diox-
ide conversion and methane decomposition.

Above 1000 °C, there is carbon dioxide dispro-
portionation as a result of contacting carbon
(CO, + [C] — 2CO): here, this coal releases as a
result of high-temperature pyrolysis of carbon-
containing materials.

Above 1000 °C, methane transforms according
to the reaction scheme CH ,— [C] +2H,  with for-
mation of hydrogen and graphitic carbon. Hence,
generated gas circulation lead to the creation of ad-
ditional hydrogen and carbon monoxide. For more
complete carbon conversion at high-temperature
pyrolysis, water gas reaction, namely, dosed feed of
water or steam to heat-up carbon (1000—1300 °C):
[C] + H,0 — CO + H, can be used.

Hence, thermal decomposition with generated
gas recirculation through the reaction zone en-
ables to obtain high-calorific product, to control
and to change proportion of its components, and

Table 6
Content of Organic and Nonorganic Components
in Municipal Waste of Different Origin
(Thermal Decomposition at 900 °C), %

Raw Inorganic part Organic part
BAS sludge 32.4 67.7
WWTP sludge
(Bursa, Turkey) 52.7 47.4
Kaniv WWTP sludge 57.4 42.6

to ensure full conversion of carbon residue into
gaseous phase, if necessary.

Table 7 shows high and low combustion heat of
obtained gases and calorific capacity factors esti-
mated for both stationary conditions of thermal
decomposition and for the case of generated gas
recirculation.

USE OF SLUDGE FOR OBTAINING
PRESSED MIX FUELS

The idea to use sludge for producing mixed fuel
there has existed for a long time. Typically, a mix
consists of low-grade coal (mostly coal dust) or
peat, sewage sludge and other components. Crite-
rion of «right to exist» for the mixed fuel is its calo-
rific value and ash content. In terms of utilizing fuel
that has no use (coal dust) or limited use (peat,
brown coal) and sewage sludge as energy source the
feasibility of mixed fuel production is undeniable.

Table 7

Estimated High and Low Combustion Heat of Obtained Gases
and Their Calorific Capacity Factor

Combustion heat |Sludge of BAS, . Sludge of Kaniv Sludge .
0, kJ /kg* Ukraine PET Rubber crumb| Switchgrass WWTP (Bursa, Turkey) Pine sawdust

thgh 11 800/ 11 500/ 12000/ 11900/ 9800/ 11700/ 11700/
12 500** 11100 12100 12700 10 200 12 200 14 300

(O 10 600/ 10700/ 11 000/ 11100/ 9000/ 10700/ 10700/

11 300 10 400 11 100 11 600 9400 11 000 13100

Calor.ific 0.3614/ 0.3648/ 0.3750/ 0.3785/ 0.3069/ 0.3648/ 0.3648/

l(;apamg’ 0.3853 0.3546 0.3785 0.3955 0.3205 0.3750 0.4466

actor

* — estimated according to [22]; ** — low heat to high heat ratio of conventional fuel (29330 kJ/kg).

ISSN 2409-9066. Sci. innov. 2017, 13(3)
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Table 8
Content of Oxide Components
in Inorganic Part of Municipal Sludge, %
Components Component content
of inorganic .

part of s%udge BAS sludge Sllguudrg: glng) Kams\lfu\g/g\:/TP
ALO, 12.9 11.3 13.6
CaO 11.7 19.0 9.7
Fe,O, 6.6 13.0 15.5
SiO, 59.1 42.8 44.3
SO, 1.2 5.1 6.9
PO, 4.2 31 6.1
K,O 2.0 2.7 3.9
Cr,0, 0.3 0.1 —
CuO 0.2 0.1 —
MnO, 0.2 0.2 —
Ni,O, — 0.1 —
TiO, 0.8 1.9 —
ZnO 0.5 0.5 —
PbO 0.1 — —

Other oxides 0.1 0.1 0.1

Several options for the production of pressed
fuel (coal dust-oil slim-sludge; peat-sludge-oil
slim; coal dust-lignin-sludge-oil slim; and fiber
waste-sludge-coal tar) have been proposed. Ir-
respective of composition, the manufacturing
process is almost identical: grinding, stirring to
form a homogeneous mass, drying (if necessary),
and pressing. The mix is formed by pressing
without/or with the addition of binder. Chang-
ing the nature of components in the mixture en-
ables to obtain a material with calorific value of,
at least, 14650—25100 kJ /kg, with the compo-
nent ratio selected in such a way as the ash con-
tent in the final product does not exceed 15% of
initial volume.

TREATMENT OF ASH RESIDUE
FROM THERMAL DECOMPOSITION
OF MUNICIPAL SLUDGE

The fast heating thermolysis reactor generates
two products: the high-energy gas that can be used
at the place of its generation or after additional pu-

rification can be supplied to other customers and
the mineral part (ash) which content is showed in
Table 8. Obviously, the storage of sludge in open
ponds, where there is a risk of direct contact be-
tween heavy metals and ground waters, is very un-
desirable, insofar as some metal compounds can
form when contacting water, which entails their
migration into soils and water resources. No need
to focus attention on the fact that the majority of
heavy metals and their compounds is highly toxic
and accumulates in tissues of living organisms with
adverse consequences. This is a reasonable ground
for raising a problem of managing both sludge it-
self and ash residue from, for example, thermal de-
composition of sludge.

The developed approaches are reduced to pro-
cessing of ash residue with obtaining metal oxide
mixes and separate silicon dioxide. Irrespective of
sludge origin, silicon dioxide extraction accounts
for 96—97.5% at a purity of 99.98%, 99.87% and
99.97% for BAS, Bursa WWTP and Kaniv WWTP,
respectively. The received dioxide is amorphous
that essentially simplifies further purification from
impurities for getting solar-grade silicon. It is obvi-
ous that extraction of more than 95% silicon diox-
ide means enrichment of obtained residue with ox-
ides contain in it. Working with such systems it is
necessary to pay attention to the presence of phos-
phorus in them, inasmuch as obtained residue can
be further used as source of phosphorus.

One more promising application for the ob-
tained ash is its use as raw material for inorganic
coagulants. It is advisable to analyze the results
obtained in the course of developing coagulants
based on Mykolaiv alumina refinery sludge (here-
inafter, the sludge) [23]. The sludge was treated
with mineral acids of various concentrations,
with obtained solutions used for river water (Ta-
ble 9) and wastewater (Table 10) purification.

The reagents obtained from sludge treatment
with 5% acid solution are seen to be quite effective
for purification of river water and as good as known
reagents and to exceed them by activity either.

Comparison of composition of sludge and ash
residue after silicon dioxide extraction (Table 11)

ISSN 2409-9066. Sci. innov. 2017, 13(3)
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Table 9
Coagulant Effect on the Desna River Water Purification
Oxide content, % wt. Color index, Turbidity, Alkalinity,
Coagulant deg mg/| mEq/l

ALO, Fe,0,
Aluminum sulfate 15.4 — 21 4.4 4.5
Sludge + 5% HCI 2.2 1.6 19 4.5 4.3
Sludge + 5% HCl 4.3 3.2 14 3.2 3.6
Sludge + 5% HCI 6.5 4.8 11 2.6 3.0
Sludge + 5% H,SO, 5.2 0.5 14 3.2 3.1
Sludge + 5% H,SO, 10.5 1.0 8 1.4 1.7
Sludge + 5% H,SO, 15.7 14 5 2.0 0.2

Note. Initial water: temperature 2 °C; color index 26 degrees; turbidity 4.5 mg/l; alkalinity 4.6 mEq/l. Quality was deter-
mined after water precipitation for 30 min.

Table 10
Coagulant Effect on Household Wastewater
Coagulant Dose by Al,O,, mg/100 ml | Dose by Fe,O,, mg/100 ml | Weighted substances, mg/l | Phosphates, mg/1

Sizol-2500 0.77; 3.85 — 25.2;6.35 3.07; 3.00
Polvak 3.2;16.0 — 4.41;3.90 1.80; 1.40
Aluminum sulfate 0.385;7.7 — 9.80;9.35 0.28; 0.11
Sludge + 5% HCI 1.09 0.80 5.45 0.53
Sludge + 5% HCI 217 1.59 2.50 0.14
Sludge + 5% H,SO, 2.62 0.24 14.80 0.47
Sludge + 5% H,SO, 5.24 0.48 10.40 0.33
* Content at the inlet of WTP: weighted substances 140.0 mg/1; phosphates 14.8 mg/1.

Table 11

Chemical Composition of Sludge and Ash Residue
from Thermal Decomposition of Municipal Sludge after SiO, Extraction

Ash residue from thermal decomposition of municipal sludge after SiO
Sludge fon ’
Components, extraction
% wt.
[23] [24] BAS sludge Bursa WWTP sludge Kaniv WWTP sludge

Fe,O, 67.4 40—55 15.4 22.3 27.2
ALO, 11.4 14—18 30.2 19.2 23.7
CaO 3.4 5—10 27.3 32.4 16.9
SiO, 6.1 5—10 4.5 24 2.5
TiO, 2.9 4—6 1.9 3.6 —
Na,O 0.4 2—4 — — —

* — Estimate of average degree of silicon dioxide extraction is 96.75%.
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has showed that the ash residue in terms of con-
tent of iron and aluminum as key components of
coagulant is suitable as source of raw material for
its obtaining. The use of various mineral acids not
only significantly expands the capabilities of the
proposed method, but also enables to produce re-
agents for specific tasks of water system purifica-
tion. The instrumental component of process
scheme is based on simple chemically stable ca-
pacitive equipment with a mixer and affordable
chemically stable pump system. The residue after
treatment with acid is expected to be used as fill-
er for construction mixes, road construction, and
building materials.

CONCLUSIONS

The proposed scheme foresees an integrated
approach to municipal sludge treatment. The
common stage — sludge preparation — can in-
clude a line for pretreatment of working material
and its dewatering until required moisture con-
tent. The next stages are defined by several fac-
tors and can include the following lines: produc-
tion of organic soil or organo-mineral fertilizer;
production of fuel composites; thermal treatment
by fast pyrolysis (mandatory or desired).

Thermal decomposition must be added with a
line for ash reside processing. This line can be ori-
ented towards fractioning this residue to obtain
metal oxides, construction materials and other
marketable products (for instance, coagulants).
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KOMIIVIEKCHA TEXHOJIOI'TA
IMTEPEPOBKUN JEAKNX
OPTAHOMIHEPAJIbHUX BIAXO/AIB

Po6oTy MpuCBAYEHO BUPILMIEHHIO BaXKJIUBOI €KOJOITYHOI
npobsieMu — 1epepodIli 0caAiB KOMYyHAIBHUX CTIYHUX BO/I.
3ampornoHoBaHe TEXHOJIOTIUHE PillIeHHs BKIIOYAE HACTYITHI
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cTajlii: ToTiepeiHs MiZATOTOBKA BUXIHOTO Marepiamy; Horo
TEPMIUYHUN PO3KJAJ 3 OTPUMAHHSIM BUCOKOEHEPTeTUYHOTO
rasy; BUTOTOBJICHHsI OPraHOMiHepabHUX JOOPUB Ta LITYY-
HOTO I'PYHTY; OlePIKAHHSI HAJIMBHUX I1€JIET; TIEPEPOOKa 30.1b-
HOTO 3aJIUIIKY CTajlii TepMOPO3KJIaJaHHSA Ocaly 3 MeTOI0
YTBOPEHHS CyMilllell OKCH/IIB MeTaliB, eeKTUBHUX KOary-
JITHTIB, OY/IIBEILHUX 1 IEKOPATHBHIUX MaTepiasiB.

Knouoesi crosa: ocaiy KOMyHaJIbHUX CTIYHUX BOJI, T1€-
pepobKa, BUCOKOEHEPTeTUUHMII ra3, OpraHoMiHepaibHi 10-
6puBa, CyMillli YUCTUX OKCH/IIB METaiB.
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KOMIIVIEKCHAS TEXHOJIOT VA
IMEPEPABOTKM HEKOTOPBIX
OPTAHOMUMHEPAJIBHBIX OTXO/Z10B

Pabora mocBsimeHa pPEmeHnio BaKHON 9KOJOTUYECKOI
mpobsreMbl — TIepepaboTKe 0CaAKOB KOMMYHAJIBHBIX CTOY-
HbIX BOL. [IpeiokeHHOEe TEXHOIOTHYECKOE PellieHne BKITIO-
qyaeT CJeAyIONne CTaJuu: TPeIBAPUTEIbHAsT TOATOTOBKA
HCXOJTHOTO MaTepuajia; ero TEPMUYECKOe pasJioKeHue ¢ 1mo-
JIy4eHUEM BBICOKOOHEPTETUYECKOTO Ta3a; N3TOTOBJIEHIE OP-
raHOMUHEPAJIbHBIX YA0OPEHUH U MCKYCCTBEHHOTO IPYHTA;
HOJIyYeHKEe TOIIMBHBIX TIEJIUIET; iepepaboTKa 30JIbHOTO OC-
TaTKa CTAJIK TEPMUYECKOTO PABJIOKEHMST OCAIKOB C 1EJTHIO
MOJIy4eHUsT CMeCH OKCHUJIOB MeTAJIOB, 3 (PeKTUBHBIX KOa-
TYJISTHTOB, CTPOUTEJIBHBIX U IEKOPATHBHBIX MaTEPHAJIOB.

Knwouesvie crnoea: ocailki KOMMYHAJIBHBIX CTOYHBIX
BOJ, TIepepabOTKa, BHICOKOIHEPIeTHYHbII Ia3, OpraHOMHHE-
pasibHble yA00PEHMsI, CMECH YMCTHIX OKCHIOB METAJLIOB.



