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Background. Distillery spent wash is the main waste of the alcohol industry. This is highly concentrated
wastewater, which is characterized by high chemical oxygen demand (COD) values — up to 60—120g O»/dm? —
and low pH values — up to 3.7. It makes its processing a complicated task. One of the methods of its utiliza-
tion is anaerobic fermentation with the production of biogas. Inert carriers for microorganism immobilization
or granulation are used to intensify the process of anaerobic treatment and increase sludge concentration.
Due to the high concentration of anaerobic microorganisms in granules, compared to the number of micro-
organisms in free-floating active sludge, the process of methanogenesis is more intensive with a high yield of
biogas and a decrease in COD.

Objective. To determine the possible centres of anaerobic sludge granulation in highly concentrated waste of
alcohol production to increase biogas output in the process of waste treatment.

Methods. Activated carbon, modified carbon on which surface calcium ions were precipitated, FeCls, silica
gel based sorbent, talc based sorbent were used to form pellets as the centres of microorganism accumula-
tion.

Results. Pellets have not been formed with the use of activated carbon; modified carbon with calcium ions;
silica gel based sorbent and ferrum compounds. Pellets of activated sludge were received with the use of talc
based sorbent — formation of initial biofilm on a carrier was observed on the third day of fermentation and
then it was growing in pellets.

Conclusions. It was demonstrated that for highly concentrated waste effluents of a distillery (grain distillery
spent wash), which after co-fermentation with poultry manure contain volatile fatty acids in concentration
800—2000 mg/dm’, it is needed to use sorbents to receive microorganism pellets as a centre of granulation.
Sorbents must contain donors and proton acceptors. It was established that the use of granular activated
sludge for the distillery waste purification improves the efficiency of COD and Biochemical Oxygen Demand

removal by 15—17%, increases biogas output by 26 £ 2% and biogas methane content by 8 = 1%.
Keywords: granulation; biogas; distillery spent wash; fermentation; methane.

Introduction

Grain distillery spent wash (GDSW) as a
highly concentrated wastewater is characterized by
the high values of COD — up to 60—120 g of
0»/dm’ and low pH values — up to 3.7. It influ-
ences a choice of methods and technological solu-
tions of waste treatment. One of the methods of
waste utilization used is an anaerobic fermentation
with receiving of biogas [1]. Based on the fact that
the hydrogen value influences on methane produc-
tion by its producers and the optimal pH value for
the methanogenesis process makes up 6.8—8.0 [2],
the technology assumes a minor content of spent
wash (2—3%) in the fermenter. It has an effect on
the process cost effectiveness and a target product
output [3].

The proposed two-stage technology [4] allows
for adjusting the pH value in the first reactor due

to introduction of poultry manure with the concur-
rent obtaining of biogas and its output increase.
The process is characterized by the balance of nu-
trition components of microbial association and ra-
tional correlation C:N:P. Biogas is also produced
from dissolved high- and low-molecular com-
pounds during the subsequent anaerobic stage of
the advanced waste treatment. But the process rate
and the waste purification level depend, first of all,
on the concentration of free-floating microorgan-
isms, which varies in reactors of different type
from 2 to 4 g/dm® [2].

Inert carriers for microorganism immobiliza-
tion or granulation are used to increase sludge
concentration. This results in the increase of pro-
cess rate for substance destruction, the decrease of
hydraulic period for waste retention in the reactor
and its volume that lowers operating costs with no
loss in quality of waste purification [5], [6].

© The Author(s) 2018. Published by Igor Sikorsky Kyiv Polytechnic Institute.

This is an Open Access article distributed under the terms of the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/), which permits
re-use, distribution, and reproduction in any medium, provided the original work is properly cited.



176

The high load on the granular sludge is
achieved through the improvement of sedimenta-
tion properties. It guarantees its presence in the re-
actor zone and makes impossible to wash out
sludge with the upward water flow. The high spe-
cific activity of methanogenic bacteria (2kg of
COD/kg of dry organic substance per day, upon
the load of 50 kg COD/m?) is also conditioned by
interspecific transfer of hydrogen between the pel-
leted colonies of acetogenic bacteria and hy-
drogenotrophic methanogenic archaea and their
protection with pellet matrix from negative impacts
resulting in the raised destruction rate of organic
substances and their transformation into a desired
product — biogas [6], [7].

It was shown [8] that the granulation rate and
the characteristics of granular sludge depend on
microorganism species composition and their ratio
in pellets, substrate specificity, hydrophobicity, sur-
face charge, and capability for extracellular poly-
mers synthesis.

Under real-life conditions, the granulation
process might be disturbed due to different factors
which result in a sludge washout from the reactor,
pellet destruction, reduced biogas output and effi-
ciency of wastewater treatment. Therefore, the
study of granulation process in a course of anaero-
bic treatment of highly concentrated wastewater
with methane production is a relevant task.

The work objective is to determine the possible
centres of anaerobic sludge granulation in highly
concentrated waste of alcohol production to in-
crease biogas output in the process of waste treat-
ment.

The following tasks need to be solved to meet
the objective:

— to study formation of pellets of anaerobic
sludge in distillery waste using the granulation cen-
tres of different nature;

— to establish an impact of granular activated
sludge on efficacy of methane production and
wastewater treatment.

Materials and methods

Nowadays, there is no any accepted model or
theory of pellets formation. Table 1 demonstrates
the models which explain the current theories of
pellets formation from microorganisms [6]—[10].

As is seen from Table 1, all the models based
on physical granulation theory explain the for-
mation of granular sludge by the effect of physical
factors which are intrinsic to the biomass fermen-
tation process with the biogas production and run
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in the reactor: liquid and gas flow rate, ageing of
sludge and its excessive volume removal from the
reactor, quantity and qualitative composition of
suspended solids in initial sludge, etc.

The models, which describe granulation from
the view point of physiological peculiarities of mi-
croorganism species and strains (e.g., Methano-
bacterium AZ strain, Methanothrix bacteria) as
well as their interaction, are attributed to micro-
biological [6].

Within the frames of thermodynamic theory,
there are four granulation stages defined: transport
of microorganism cells of activated sludge to the
surface of inert material or other cells; initial re-
versible adsorption of substrate by means of physi-
cal and chemical interaction; irreversible attach-
ment of cells to substrate with microbial appendag-
es or exopolymers; cell propagation and pellet de-
velopment. The microorganism granulation mech-
anisms are also explained proceeding from thermo-
dynamic conditions of the grain growing processes
influenced by many factors such as: hydrophobicity
and electrophoretic mobility, proton translocation
on the surface of bacterial membranes which stim-
ulate its activation.

The use of granular sludge is expected at Stage
2 of GDSW treatment [4]. That’s why liquid frac-
tion formed after sedimentation and release of sol-
ids, fermented (within 20 days) mixture of GDSW,
poultry manure and industrial wastes of a distillery
at the ratio of 1:1.7:0.06, relatively, on a dry organic
substance (DOS), served as a standardized test solu-
tion [4]. The phase separation was carried out using
centrifugation (centrifuge CLK-1) for 15 min at the
velocity of 3000 rpm. Characteristic water values at
entry to reactor 2 are given in Table 2.

The following has been used for granulation
in capacity of the centres of microorganism accu-
mulation:

— activated carbon, grade 207EA "Ecofilter"
(Kyiv, Ukraine), with surface area 950—1100 m?/g
and bulk density 0.48—0.52 g/cm’, grain size —
4.75—2.00 mm;

— modified carbon to which surface calcium
ions were precipitated. Precipitation was carried
out by means of keeping activated carbon in calci-
um chloride solution with concentration 0.05%;

— FeCls; which is often used for granulation in
methane tanks during the treatment of waste efflu-
ents of breweries, yeast plants, sugar beets, and po-
tatoes processing plants. Since hydrolysed FeCls is
produced in the form of oxo- and hydroxy-
compounds, their aggregation serves as a primer
for granulation;



Innov Biosyst Bioeng, 2018, vol. 2, no. 3

177

Table 1: Theories and models of the anaerobic sludge granulation process [6]—[10]

Group

Model

Model idea

Physical and
chemical

theories

Model of inert cores

Anaerobic bacteria, which result in formation of initial biofilms, in
particular, embryonic granules, are attached to inert micro particles by
means of surfaces structures

Selection pressure theory

A washout of dispersed sludge and a selection of heavy sludge take
place depending on the rates of hydraulic load and biogas production

The growth of colonized
suspended particles

Pellets are formed by means of growing of small fraction biofilm (mi-
croorganism colonization) that was produced due to friction, or flown
into a reactor with waste water

Microbiologic/
ecologic
theories

Consolidation of micro-
floccules of microorgan-
isms of Methanothrix
genus

Methanothrix filament serves as a matrix for cocci and coli. First, mi-
cro-floccules are formed and then they are consolidated in pellets due
to surface properties and morphology of Methanothrix bacteria

Capetown's model

Granulation takes place by means of Methanobacterium AZ, which un-
der the conditions of high partial pressure of H», unlimited source of
nitrogen in the form of ammonium, limited quantity of cysteine and in
neutral media, releases extracellular polypeptide that binds Methano-
bacterium AZ and other bacteria in pellets

Spaghetti model

Pellets are formed by microorganisms of Methanothrix genus. In the
beginning, they resemble the spaghetti swirls formed by the Metha-
nothrix long filaments

Model of many layers

Methanothrix grouping is the centres of granulation. The layer-by-layer
growth of pellets is performed with a spatial separation of various
trophic groups of microorganisms: Hx-producing acetogenic bacteria
and Hz-consuming bacteria

Syntrophic micro colony
model

Micro colonies, by means of syntrophic relations, may lead to the
creation of consortiums and subsequent formation of pellets, because
consortiums are characterized by stable conditions, co-evolution, and
protection against the effects of microorganism media participating in
the given consortium

Model of three types of
pellets which split volatile
fatty acids (VFA)

Methanothrix, Methanosarcina bacteria participate in the granulation
process and they form 3 types of pellets which split VFA:

1 — compact spherical pellets comprising mainly of rod-like bacteria
which resemble Methanothrix soehngenii in short chains or separate
cells;

2 — spherical pellets comprising mainly of poorly twisted filamentous
bacteria which are attached to inert particles. Predominating bacteria
resemble Methanothrix soehngenii,

3 — compact spherical pellets comprising mainly of bacteria of Meta-
phosarcina type

Model of
Methanothrix bundles

Pellets are formed from the aggregates of Methanothrix and other bac-
teria. By means of filaments, Methanothrix forms specific bundles sepa-
rated by an external matrix. When bundle sizes get larger, the external
matrix is deactivated, and the centre of pellets is formed. This centre is
made of compact filaments of Methanothrix

Model of anaerobic
granulation
of defined species

Pellet formation is based on the capability of bacterial species to pro-
duce dense aggregates in an anaerobic reactor and/or ensure surface
binding for other bacteria, which are unable to form aggregates and
pellets. It is believed that methanogenic microbes are a key species for
granulation. In particular, the species such as Methanothrix, Methano-
brevibacter, and Methanosarcina

Thermo-
dynamic
theories

Surface tension model

Bacteria receive the maximum possible free adhesion energy under the
low or high liquid surface tension. Pellets formed under the low liquid
surface tension values and which contain acytogenes around methano-
genic association contribute to more stable characteristics of the pro-
cess, because they are less sensitive to gas bubble adhesion and subse-
quent washout
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Table continuation

Four-stage model

4 stages of granulation:

1. Cells transfer to the surface of uncolonized inert material or other
cells.

2. Initial reversible adsorption by means of physical and chemical
force on substrate.

3. Irreversible adhesion of cells to substrate with the use of microbial
appendages and/or polymers.

4. Cell propagation and pellet development

Proton translocation —
dehydration model

The (molecular) mechanism of sediment granulation is based on pro-
ton translocation activity on the surfaces of bacterial membranes. Ac-
cording to theory, the sludge granulation process takes four stages:

1. Dehydration of bacterial surfaces;

2. Formation of embryonic pellets;

3. Pellet maturation;

4. Post-maturation

Crystallized core
formation model

Granulation stages:

1. Growth and generation of different bacterial species;

2. Bacterial attachment or adhesion with the cells of suspended sub-
stances or other bacteria with the formation of matrix or the pellet
core as a crystallization centre.

3. Seizure or integration of bacteria, microcolony growth and, finally,
formation of a spherical pellet 1—5 mm in diameter

Other

Cellular automation
model

Cellular automation model is defined as a spatial discrete-time sys-
tem in which the state of automation is defined by a set of rules act-
ing locally, but are applied across the system. This model is aimed at
the reproduction of microbial structures under the conditions of lim-
ited substrate transfer. The substrate gradients created by local sub-
strate consumption allow bacteria placed on the "top" to have more
accessible substrates compared to those placed at the bottom. There-
fore, the structure of microcolony or biofilm is related to the resource
availability

Cell-cell interconnection
model

Some bacteria by virtue of intercellular interactions form a biofilm,
which under certain conditions, initiates granulation

Cluster model

The precise mechanism has not been defined yet, but it is known that
the interconnection between substrate composition and/or concentra-
tion and kinetic properties of microorganisms plays a key role. There
are several hypotheses available:

1. Physical aspects associated with the space limitation for microor-
ganisms upon growing a biofilm. When divided, daughter cells occupy
certain space and push away neighbouring cells. The clusters were re-
ceived at this process modelling;

2. Under the conditions of substrate exhaustion in the deeper layers of
biofilm or aggregate, microbes are divided actively into the upper areas
only and form a new biomass. Therefore, the growth of biofilm or ag-
gregate becomes unidirectional, and the colonies are grown as the "fin-
gers" toward volume liquid;

3. Anaerobes produce signalling molecules from cell-to-cell, which
may stimulate formation of pores and channels. These signalling mol-
ecules or their structural analogues may also be presented in waste
effluents

General four-stage model

1. Initiation of bacteria-bacteria contact or bacteria attachment to the
cores by means of physical relocation;

2. Support to stable multicellular contacts by means of initial attract-
ing forces;

3. Maturation of cell aggregations by virtue of microbial forces;

4. Formation of steady three-dimensional structure of microbial ag-
gregate by hydrodynamic displacement forces
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Table 2: Water parameters after GDSW and poultry co-
fermentation

Indicator Value
Chemical oxygen demand, COD, 2800
0, mg/dm?3
Biological oxygen demand, BOD, 1500
0, mg/dm’
Suspended substances, SS, mg/dm? 2300
Volatile fatty acids, VFA, mg/dm? 1230
pH 7.58

— silica gel based sorbent, grain size — 2-
3mm (Institute of New Materials of Shandong
Academy of Sciences, China)

— talc based sorbent, grain size — 2-3 mm
(Institute of New Materials of Shandong Academy
of Sciences, China).

Anaerobic sludge from a fermenter for receiv-
ing biogas from GDSW was used as inoculum in
the Ecobiotechnology and Bioenergetics Depart-
ment of the National Technical University "Igor
Sikorsky Kyiv Polytechnic Institute". The GDSW
used was provided by Chervonoslobodskyi Distill-
ery, Kyiv Oblast.

The granulation process with the use of differ-
ent centres of adsorption has been carried out in the
laboratory shaking flask with heating at the tempera-
ture of 37 £ 2 °C, stirring rate is 60 rpm. Cone
flasks with the gas outlet system for removal of bio-
gas produced were used as reactors as well as they
made impossible to penetrate the air to the reactor
medium.

The degree of anaerobic sludge granulation was
evaluated using the microscope XSP-139TP (Ulab
TM, China) with 20x zoom and the energy-
dispersive spectrometer (EDS) Oxford X-Max 50.

Wastewater treatment using free-floating and
granular activated sludge has been carried out under
the anaerobic conditions in the mesophilic mode at
the temperature of 40 + 2 °C in reactors with ca-
pacity of 1.5 dm?, fill factor — 0.8. The substrate
was stirred using paddled impeller sat the rate of
60 rpm. Each reactor was connected to the wet
type gas receiver for biogas collection.

The values of BOD, COD, and SS were cal-
culated using the standard method [11], medium
pH was measured using the ion meter I—160 MI
(RF) [12].

Biogas composition was determined with the
gas chromatograph LHM-8-MD (RF) [13] using
the standard method, VFA liquid concentration
was established with the liquid chromatograph
HPLC Shimadzu (Kyoto, Japan) using the stand-
ard method [14].

Results

Pellets have not been formed with the use of
activated carbon, silica gel based sorbent and fer-
rum compounds that can be explained by specifics
of GDSW composition and the microorganism as-
sociation properties.

By using talc based sorbent as a granulation
centre, the formation of initial biofilm on a carrier
has been observed on the third day of fermentation
and then it was grown in an activated sludge pellet.
The obtained pellets are given in Fig. 1.

200 pm EHT =10,00 kV
— WD =10,0 mm

Date: 10 Apr 2018

Time: 12:36:48 w

Figure 1: Anaerobic sludge before granulation (a), pellets
formed on talc based sorbent (b)

Signal A = SE1
Mag =20 X

Fig. 2 demonstrates the comparative charac-
teristic of biogas output and methane content in it
with the use of granular and free-floating anaerobic
sludge in water treatment at Stage 2 of the GDSW
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processing. The ratio of inoculate and substrate on
a DOS basis is 1:5, relatively.

V, cm?
250

200
167

220
175
150
119
100
50
0

Biogas Methane

Figure 2: Biogas and methane output (V) per day with the use
of free-floating (blue colour) and granular (orange colour) an-
aerobic sludge

The water treatment parameters at Stage 2 of
distillery waste disposal per day with the initial
COD content — 2800 mg/dm? are given in Table 3.

Table 3: Water purification degree at Stage 2 of GDSW pro-
cessing

Indicator value .
. Indicator value
. with the use of .
Indicator . with the use of
free-floating an-
aerobic sludge granular sludge
COD
> 780 + 46.87/ 310 + 43.39/
3
glfgé f;“lcge;zo"al 72+ 15 89 + 1.77
BOD
’ 400 £ 36.06/ 180 + 17.39/
3
SS
’ 600 + 4491/ 200 + 29.75/
3
glfgé f;“lcge;zo"al 74 +2.12 91 + 1.4

Discussion

The choice of granulation centres is based on
heterogeneity of their surfaces on which aggrega-
tion of suspended solids and microorganisms may
have place.

Not all microorganism species interact with
the inert surface of activated carbon [15], [16]. The
availability of high concentration of volatile fatty
acids in water also hinders the aggregation of sub-
stances and microorganisms, because they prevent
neutralization of particle charges and, correspond-
ingly, their aggregation as on carbon surface, so
against each other. The presence of acids in solu-

tion explains the absence of granulation on other
above mentioned sorbents. Silica gel pellets were
destroyed in 7 days of being in wastewater, which
confirms the studied medium aggressivity.

The aggregation of hydroxyl compounds be-
tween themselves and the formation of adsorption
centres do not take place with the use of ferrum
compounds and the availability of acids. Hydroxyl
compounds are transformed into soluble state by
reaction:

Fe(OH)," + CH;COOH —
— 2 CH;COO™ + Fe** + 2H".

The carbon activation with calcium ions for
the creation of activated carbon interaction centres
with microorganisms did not demonstrate positive
results. Perhaps, this is associated with the availa-
bility of competition between negatively charged
surface of microorganisms and the anions of vola-
tile fatty acids for the attachment centres, which
reduces or makes impossible the microorganism in-
teraction with activated carbon.

So far as the surface of talc based sorbent par-
ticle, except the extended surface (of pores), con-
tains the oxygen and magnesium atoms, this allows
for sedimentation of charged and uncharged parti-
cles. The pellets are grown due to the formation of
layers which from the beginning contain nutrients in
suspended particles, which precipitate on the pellet
surface, and various microorganism species that are
capable as to destruct particles, so to produce me-
thane. Moreover, in the process of granulation, oth-
er species, which are not adsorbed on sorbent, are
attached to the pellets due to the formation of pol-
ymeric polysaccharidic or polypeptide matrix that
can be produced by Methanobacterium and other
species [16]. As described in literature sources [6],
[9], [10], [17], methanogenic bacteria that form the
bedded structures, Methanothrix soehngenii (Metha-
nosaeta concilii), Methanosarcina spp., Methanobrevi-
bacter, play a special role in the formation and
functioning of anaerobic sludge pellets.

The sorbent due to the availability of oxygen
atoms on the surface and the bacterial cells with a
negative charge of the surface leads to the for-
mation of hydration shell. The change of a pellet
surface charge and its partial dehydration take
place by means of proton transfer to the membrane
surface upon substrate oxidation with acetogenic
bacteria. The absence of hydration shell results in
hydrophobic interaction between the cells and
pellet compaction. The metabolite transport bet-
ween the cells facilitates this process also [18]—[20].
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A spherical pellet shape is produced under the ef-
fect of hydraulic force of rising biogas bubbles. The
separation of microorganism species in a pellet is
determined by the velocity of nutrients transport
between them.

Therefore, for wastewater with concentration
of volatile fatty acids within 800—2000 mg/dm?, it
is possible to use the granulation centres of
sorbents, which contain proton donors and accep-
tors, to form the anaerobic sludge pellets.

As is seen from Fig. 2, biogas output is higher
by 26 = 2%, if granular anaerobic sludge is used.
At the same time, biogas methane content is in-
creased by 8 + 1%. It means the granulation of
anaerobic sludge provides the possibility to increase
both biogas output and biogas methane content.

As is seen from Table 3, the wastewater
treatment process, with the use of granular activat-
ed sludge, is characterized by a higher removal ef-
ficiency of polluting substances. Recovery rate of
organic substances is increased, and removal de-
gree reaches 89%, which is by 17% higher com-
pared to the use of free-floating sludge.
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Conclusions

It was demonstrated that for highly concen-
trated waste effluents of the distillery (GDSW),
which after co-fermentation with poultry manure
contain volatile fatty acids in concentration 800-
2000 mg/dm?, it is necessary to use sorbents con-
taining both proton donors and acceptors to obtain
microorganism pellets in capacity of granulation
centres. Talc can serve as a basic substance for
such sorbents.

It was established that the use of granular acti-
vated sludge for the distillery wastewater treatment
increases the removal efficiency of COD and BOD
by 15—17%, increases biogas output by 26 + 2%
and biogas methane content — by 8 + 1%.

Further study of the abiotic factors influence
(temperature, pH of the medium, availability of
nutrients) on the formed active sludge granules in
the conditions of our technological process.
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H.B. F'ony6, M.B. MNoTtanoea

TEXHONOTYHE PILEHHA NMNIABULLEHHA BUXOAY BIOrA3Y NPU ®EPMEHTALLIT
3EPHOBOI NICNACNUPTOBOI BAPAU

Mpo6nemartnka. OCHOBHUM BiAXO4OM CMNMPTOBOI MPOMWCIOBOCTI € nicnacnuptoBa 6apaa. BoHa € BMCOKOKOHLIEHTPOBAHOK CTiYHO
BOZOIO Ta XapaKTepU3YETLCSH BUCOKMMM 3HAYEHHSIMU XiMIYHOTO crioxuBaHHs kucHio (XCK) — go 60—-120 r O./am® — i HU3bKUMM 3HAYEH-
Hamu pH — go 3,7, wo pobuts ii nepepobky HenpocTum 3aBAaHHAM. OOHUM i3 BUKOPUCTOBYBaHMX METOAIB ii yTunidauii € aHaepobHe
OpoaiHHA 3 ogepxaHHAM biorady. [nst iHTeHcudikauii npouecy aHaepobHOro OYMLLIEHHS CbOTOAHI BUKOPUCTOBYHOTH METOAM MiABULLEHHS
KOHLEeHTpaLii Myny, a came — iHepTHi Hocii aAns iMmobinizauii MikpoopraHiamis abo rpaHynsiuito. 3a paxyHOK BULLOI KOHLEHTpaUii aHa-
epobHMX MIKpOOpraHi3miB y rpaHymnax, NopiBHAHO 3 KiMbKICTIO MiKPOOPraHi3miB y BiflbHOMMaBa4oMy akTVUBHOMY MyIi, NpOLEC MeTaHo-
reHesy BifbyBaeTbCs Ginbll iHTEHCUBHO 3 BULLMM BUXOA4OM Giorasy Ta 3HmkeHHsM XCK.

MeTa. BusHauyeHHs1 MOXNMBUX LEHTPIB rpaHynsuii aHaepobHOro Myny y BUCOKOKOHLEHTPOBAHMX CTOKax CNMpPTOBOrO BUPOGHULTBA Ans
niABWLLEHHSI NpOAYKyBaHHS 6iorady B NpoLeci iX OUYNLLEHHS.

MeTopuka peanisauii. [Ins dopmyBaHHS rpaHyn SK LeHTpW akymynsuii MikpoopraHiamMiB BUKOPUCTOBYBanu: akTMBOBaHe BYrinns, Mo-
OudikoBaHe BYrinns, Ha NOBEPXHIO SIKOro ocaXeHo ioHu kanbLito, FeCl;, copbeHT Ha OCHOBI cunikarento, COpGEHT Ha OCHOBI Tarbky.
PesynbTaTti. 3a BUKOPUCTAHHS aKTMBOBAHOIO BYriNNs; MOANMIKOBAHOrO BYFiNMa 3 WOHaMK Kanblitlo; COpOEeHTY Ha OCHOBI cumikarento
Ta crnonyk depymy He BiabyBanocb yTBOpeHHs rpaHyn. 'paHynun aktuBHoro myny 6ynu ogepxaHi 3a BUKOPUCTaHHA COpOEeHTY Ha OCHOBI
TarnbKy — Ha TpeTto 4oby epmeHTaLlii cnocTepiranu yTBOPEHHS NoYaTKoBOI GionniBKM Ha HOCIT, sika NOTIM po3pocTanach y rpaHynu.
BucHoBku. NokasaHo, WO ANS BUCOKOKOHLIEHTPOBaHMX CTIYHMX BOA cnvpT3aBody (micnscnupTtoBa 6apga), ski nicns kodepmeHTauii 3
NTaWWHUM MOCTIIAOM MICTATb NETKi XKMPHI KUCIOTW y KOHLeHTpauisix 800—2000 mr/ame, Ans oTpMMaHHs rpaHys MiKpoopraHiamie sik LieH-
Tpy rpaHynsauii Heo6xigHO BUKOPUCTOBYBaTU COPGEHTH, LLIO MICTSITb Y CBOEMY CKNafi sik 4OHOPW, TakK i akLenTopu NpoToHiB. BctaHoBne-
HO, LLO BUKOPWUCTAHHS rpaHynbOBaHOro akTMBHOIO Myny A OYWLLEHHSA CTOKIB CMMpT3aBoay 36inbliye edpeKTUBHICTb BUAANEHHS XiMiy-
HOro Ta 6ioXiMiYHOro CNOXUBAHHSA KUCHIO Ha 15—17 %, niaBuwye Buxig Giorady Ha 26 + 2 %, BMiCT MeTaHy B Giorasi —Ha 8 £ 1 %.

KniouoBi cnoBa: rpaHynsuist; 6ioras; nicnsacnuptoBa 6apaa; depmeHTaLis; MeTaH.

H.B. F'ony6, M.B. lNoTanosa

TEXHOJNOMMYECKOE PELLEHUE NOBbLILLEHUA BbIXOOA BUOIA3A NMPU ®EPMEHTALIMN
3EPHOBOW MOCNECMNUPTOBOM BAPAbI

Mpo6nematuka. OCHOBHLIM OTXOAOM CMMPTOBOM MPOMbILLIIEHHOCTU ABMSIETCS nocnecnvpToBasi 6apaa. OTo BbICOKOKOHLLEHTPUPOBAHHAs
CTOYHas BOAa, KOTOPasi XapaKTepM3yeTCs BLICOKUMI 3HAYEHMSIMM XUMMYecKoro notpebnenHuns kucnopoaa (XMK) — go 60-120 r Ox/am® — u
HU3KUMK 3HaYeHusmMu pH — go 3,7, uto genaet ee nepepaboTky HenpocTon 3agadverr. OQHUM M3 METOAOB ee yTUnM3aumm sIBnsieTcs
aHaspobHoe BpoxeHue ¢ nonyvyeHnem Guorasa. [Ans uHTeHcMdUKauMmn npolecca aHaspobHON OUYMNCTKM CErO4HSA UCMOMb3YT MeToAbl
MOBLILLEHNS KOHLIEHTPALUK Una, @ UMEHHO — MHEPTHbIE HOCUTENW ANt UMMOGUNM3aLMM MUKPOOPraHW3MOB UMW rpaHynaumio. 3a cyet
BbICOKOW KOHLEHTPaLUM aHaspOOHbIX MUKPOOPraHM3MOB B rpaHynax, No CPaBHEHUKO C KONMMYECTBOM MUKPOOPraHn3MoB B CBOGOAHO-
nnaearLleM akKTUBHOM Wre, NPoLLeCcC MeTaHoreHe3a NpoxoanT 6oree NMHTEHCUMBHO C BbICOKUM BbIX04oM 6uorasa u cHukeHnem XIK.
Llenb. OnpegeneHne BO3MOXHbIX LEHTPOB rpaHynsuMu aHaapobHOro una B BbICOKOKOHLEHTPUPOBAHHbBIX CTOKaxX CMMPTOBOrO Mpouv3-
BO/ACTBA A1 NOBbILLEHUS BbipaboTkM Grorasa B npouecce Ux O4UCTKU.

MeToauka peanusauuun. [ns oopMMpoBaHMsa rpaHyn Kak LeHTpbl akkyMynsuuM MUKPOOPraHM3MOB UCMONb30Banu: akTUBUPOBAHHbIV
yrosb; MOANMULMPOBAHHBIN Yrofb, Ha MOBEPXHOCTb KOTOPOro OcaxaeHbl MoHbI kanbumst; FeCls; copbeHT Ha ocHoBe cunuvkarens; cop-
OEeHT Ha OCHOBe Tanbka.

Pe3ynbTaTthl. [pn ncnonb3oBaHWM aKTUBMPOBAHHOIO YINs; MOAMMULMPOBAHHOIO YINs C MOHaMK Karnbuus; copbeHTa Ha OCHOBE CUmu-
Karensi 1 CoeiMHeHW xxene3a o6pa3oBaHWs rpaHyn He Habnoganock. 'paHynbl aKTMBHOMO Mna BbiNu NonyYeHbl NPU UCMONb30BaHWUK
copbeHTa Ha OCHOBE Tarbka — Ha TpeTbU CYTKN pepMeHTauun Habngann obpasoBaHne Ha4YanbHOM BMONNEHKM Ha HocuTene, KoTopas
3aTeM paspacTanach B rpaHyrbl.

BbiBoabl. [1oka3aHo, 4YTO ANS BbICOKOKOHLIEHTPMPOBaHHbIX CTOYHBIX BOA cnvpT3aBoda (nocrnecnupTtoBas 6apga), koTopble nocne Ko-
dhepMeHTaLMKU C NTUYLMM NMOMETOM COAEPXKaT NETYYNE KUPHBLIE KNCMOTbI B KOHUEHTpaumsax 800—2000 mr/am®, Ans nosnyyeHus rpaHyn
MUWKPOOPraHU3MOB KaK LieHTpbl rpaHynsauum HeobxoaMMo 1CMonb3oBaTb COPOEHThI, coaepallue B CBOeM COocTaBe Kak AOHOpbI, Tak U1
akuenTopbl NPOTOHOB. YCTaAHOBIEHO, YTO UCMONb30BaHWE FPaHyNMPOBaHHOIO aKTUBHOMO UNa Ans OYMCTKU CTOKOB CNMpT3aBoda yBenu-
unBaeT APPEKTUBHOCTL yaaneHUsi XMMMUYECKOro U Buoxummyeckoro notpebneHus kucrnopoaa Ha 15-17 %, noBbiwaeT Bbixoa 6uorasa
Ha 26 + 2 %, cogepxxaHue meTaHa B 6uorasze —Ha 8 £ 1 %.

KnioueBble cnoBa: rpaHynsuusi; 6uoras; nocnecnuptoBas 6apaa; epmeHTaums; MeTaH.
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