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Wastewater generated during vegetable oil production contains various pollutants that enter it
during soapstock processing: fats and fatty acids and their salts (aqueous soap solutions), glycerin,
phosphoglycerates, neutral fat, phosphatides, proteins, carbohydrates, dyes, unsaponifiable and waxy
substances, salts, mechanical impurities, etc.

Aim. The purpose of the work was to study the processes of purification of industrial wastewater from
oil production and to propose an effective technology for their treatment, taking into account the
regulatory requirements for the discharge of treated wastewater into the city sewage system.

Methods.Chemical oxygendemand (COD)was determined by the dichromate method. The concentration
of suspended solids was determined by gravimetric method.

Results. As a result of research, calcium carbonate was chosen as an alkaline reagent. After treatment
of soapstock with calcium carbonate followed by flotation, the effect of removing the suspended particles
was 70-75%, and COD decreased by 60% . On the basis of the research, a technology for processing
soapstock was proposed, including sequential processes of physicochemical wastewater treatment —
averaging, alkalization with calcium carbonate, stage I of flotation, coagulation, stage II of flotation,
oxidation with hydrogen peroxide, filtration through quartz filters and adsorption on carbon filters.

Conclusion. An effective technology for preliminary cleaning of the soapstocks oil production has
been developed. This will significantly reduce the concentration of organic matter and other pollutants
in soapstocks, which will significantly reduce the impact of such effluents on the processes of biological

wastewater treatment of urban wastewater treatment plants.
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Wastewater generated during the
production of vegetable oil contains various
pollutants that enter it during the soapstock
processing: fats and fatty acids and their
salts (aqueous soap solutions), glycerin,
phosphoglycerides, neutral fat, phosphatides,
proteins, carbohydrates, dyes (carotene,
carotenoids, chlorophyll, etc.), unsaponifiable
and waxy substances, salts — sodium sulfate
and chloride, mechanical impurities, etc.

Soap impurities have a complex and volatile
composition, which depends on the nature and
properties of their constituents, the amount
of substances associated with fats and other
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factors. Wastewater is characterized by high
concentrations of organic pollutants in terms
of COD, high suspended solids, and low pH
(Table 1).

In a phase-dispersed state, such wastewater
is a stable emulsion with water. The presence
in wastewater of phospholipids, which are
emulsion stabilizers, leads to complications
of phase separation. Wastewater contains
suspended solids, colloidal substances and
various organic and inorganic solutes as
well. Soaps contained in wastewater had a
high stabilizing and absorption capacity, due
to which they absorbed a significant part of
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Table 1. Average value of indicators of wastewater from vegetable oil production

No Indicator Units of measurement Average value
1 pH - 2
2 Suspended solids mg/L 6 300
3 Non-volatile suspended solids mg/L 700
4 Dry residue mg/L 13 400
5 Ignited residue mg/L 1 300
6 COD mg/L 40 000

impurities such as phosphatides, proteins,
mucus, dyes and others[1].

Wastewater color varies from chestnut
brown to brown. Dyes can be divided into
three groups: substances that are in the fat
cells and turn into oil unchanged; substances
that change composition and color during oil
production; substances that are formed during
oil production when heated.

Wastewater in terms of the content of
pollutants exceeds the norms for discharge into
city sewer systems. Therefore, before being
discharged into city treatment facilities at
local treatment facilities, they must be treated
by physicochemical and biological methods.

Flotation combined with sedimentation has
proven to be the most effective way to remove
grease, soap, and suspended solids from water
[2]. At the same time, there is a decrease in
fat content by 10 or more times, soaps — by
4-5 times.

Comparison of the methods of coagulation-
sedimentation and coagulation-flotation
in terms of the efficiency of removing
organic matter from wastewater due to COD,
suspended solids showed that the use of
coagulation and flotation enables to obtain a
higher efficiency of removing organic matter,
suspended particles due to effective adsorption
of soap and fat on suspended solid particles,
particles of metal hydroxides formed during
coagulation, and flotation of these pollutants
on the surface of the liquid and the formation
of flotation sludge [3, 4].

For the treatment of soapstocks after
physical and chemical treatment, it was
proposed to use aerobic biological treatment
[5]. The technology of such wastewater
treatment using coagulation with the addition
of coagulant Al,(SO,)s, flotation and biological
treatment in an aerotank is considered.
When the COD of untreated wastewater is
1 800 mg/L, a decrease in the COD of 98% is
achieved and the quality of treated wastewater
is ensured, which is acceptable for discharge
into a natural reservoir.

It was found that when using iron
chloride FeCl; as a coagulant [6] in the

treatment of soapstocks with an initial COD of
220,000 mg/L and high turbidity, the optimal
pH value, which provides the best performance
of wastewater treatment in terms of COD, is
8.5 for the pH range 2—13, the cleansing effect
of COD reached 80% at a dose of coagulant
FeCl; — 800 mg/L.

To clean soapstocks, absorption methods
are also used, when choosing which it should
be noted that when the temperature rises
above 80 °C, the peroxide content of fatty
acids increases significantly, and when
the temperature drops below 50 °C, a mass
is formed that is difficult to absorption
purification [7].

Membrane methods are used for local
cleaning of soapstocks. Fats are successfully
separated from an aqueous solution by
ultrafiltration at a pressure of up to 6 atm,
since fats have practically no osmotic pressure.
Low molecular weight fatty acids and other
related substances with low osmotic release
due to nanofiltration. Reverse osmosis is used
at high osmotic pressure [2, 8].

The proposed technology includes cleaning
of soapstocks by two-stage flotation in the
presence of reagents under pressure and gravel
filtration. The use of ultrafiltration made it
possible to abandon the use of a reagent, the
second stage of flotation and gravel filtration.
The COD value after the first stage of flotation
was 1 000 mg/L, and after ultrafiltration —
250 mg/L with the initial COD value up to
5000 mg/L[9].

The use of ultrafiltration makes it
possible to effectively use expensive
ingredients contained in wastewater, as well
as reuse purified water in production. The
disadvantages of membrane methods are their
high cost, the need for membrane regeneration
and preliminary removal of substances
that cause turbidity of water — suspended
and colloidal, leading to clogging of the
membranes. Consequently, membrane methods
are difficult to operate, require complex
equipment, and are very expensive [10].

The aim of the work was to study the
processes of purification of industrial
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wastewater from oil production and to
propose an effective technology for their
local treatment to regulatory requirements
for the treated wastewater discharge into
the city’s sewerage system. To achieve these
goals, a study was conducted using the actual
production of soapstocks from vegetable
oil in 2021.

Materials and Methods

COD was determined by the dichromate
method (according to managing normative
document in Ukraine — KND 211.1.4.021-95.
“Method for determining the chemical oxygen
demand (COD) in surface and wastewater”.
The concentration of suspended solids was
determined by gravimetric method.

For the study, vegetable oil production
soapstocks were used, which were
characterized by the pollutants indicators
given in the Table 1. The COD value of
soapstocks was 40 000 mg/L, the pH value
was 2.

For leaching, a comparison of the effect of
two reagents on soapstock, namely NaOH and
CaCOg, was used. A 20% NaOH solution was
added to the soapstock samples at a dose of
20 mL/L, which ensured an increase in pH to
7. When using CaCOsg, the dose was 2 g/L.

The following soapstock processing
processes have been consistently studied:

1. Aeration using an aquarium compressor
and aerator, installed with a capacity of 250 ml
with the test soapstock, for 24 hours.

2. Chemical precipitation with calcium
carbonate CaCO; at a dose of 1.8-2.0 g/L,
pH 5.5, reaction time 10—15 min and flotation
(stage I) with air supply through fine-
porous aerators for 75 min, air flow rate was
8 m3/(m?- h).

3. Coagulation was carried out with
aluminum sulfate at a dose of 1-1.2 g/L at an
optimum pH of 5.5. The soapstock sample was
quickly mixed with the coagulant solution for
1-2 min and the stirring was continued for
15—20 min until the formation and compaction
of flakes.

4. Flotation (stage II) of coagulated
impurities was carried out for 75 min with air
supply through fine-porous aerators.

5. The selection of purified water from the
tank and the separation of the formed flotation
sludge were carried out.

6. Oxidation of organic pollutants
remaining in purified water at the outlet of the
II stage flotation, hydrogen peroxide at a dose
of 1.5-1.8 g/L, pH 4.5-5.5, process duration
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2 hours with stirring laboratory magnetic
stirrer.

7. Filtration of wastewater after oxidation
through a sand filter. Sand for filtration
was prepared as follows: thoroughly washed
with running water to remove mechanical
impurities; dried in an oven at 105 °C for 10 h;
ignite in a muffle furnace at 600 °C for 2 hours
to remove all residual contamination into
ash; cooled and washed with distilled water.
Thereafter, the sand was transferred to a filter
and a filter layer was formed.

8. Filtration of wastewater after the sand
filter through a carbon filter. Fine-grained
activated carbon was used in the form of a
filtering layer.

At each stage of the process, water
samples were taken at the outlet, in which
the indicators were determined: suspended
particles and COD. The results of the analyses
and the determined cleaning effects at each
stage are shown in Table 2 and Fig. 1 and
2. The reliability of the obtained data was
P <0.05, i.e. statistically significant differences
were found. To assess the significance of the
difference between the averages of the two
groups, t-test (Student’s test) was used.

Results and Discussion

To alkalize the soapstock by adding 20%
NaOH solution at a dose of 20 mL/L, the pH
was raised to 7. The liquid became dark. There
were some difficulties in setting the dose of
NaOH to bring the pH of the wastewater to 5.5.
With an increase in the alkali dose, the pH rose
sharply above pH 7.

In the second variant, calcium carbonate
CaCO® was used. To increase the pH of
wastewater from 2 to 5.5, the dose of CaCO4
was 2.4 g/L. In the process of alkalization, an
intense formation of CO, gas was observed,
the bubbles of which rose to the surface of the
liquid with the formation of foam (about 10%
of the volume). The amount of sediment was
about 5% . The formation of gas promoted the
flotation of pollutants — suspended particles,
dissolved organic substances during their
adsorption on the “bubble — solid particle”
complexes. The use of CaCO; allowed the
following flotation to be used to separate the
flotation froth from the water. Therefore,
CaCO; was chosen as the alkaline reagent,
which made it possible to obtain the following
positive results. When calcium carbonate
reacted with water, insoluble calcium
hydroxide was formed and carbon dioxide was
liberated. The pH of the water increased, the
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Fig. 1. Change in the COD of the soap stock during treatment by technology:
averaging and aeration — chemical deposition and flotation — coagulation and flotation —
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Fig. 2. Change in the rate of suspended solids in soap stocks during treatment by technology:
averaging and aeration — chemical deposition, flotation — coagulation and flotation —
chemical oxidation — filtration — adsorption

emulsion bonds between organic matter and
water were destroyed, and the organic solution
was destabilized. Due to the formation of small
particles of calcium hydroxide with a large
surface area, dissolved organic substances were
adsorbed on their surface and precipitated.
The release of carbon dioxide contributed to
the saturation of water with gas bubbles, into
which surfactants were released, which were

released from the solution on the surface of the
bubbles and float, forming foamy sediment on
the surface of the water in the float. As a result
of the processing of soapstock with calcium
carbonate, followed by flotation, the effect
of removing suspended solids of 70-75% was
obtained, and the COD was reduced by 60% .
The research results on the processing
of soapstock in some physical and chemical
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processes of the technology given in the Table
1 showed the highest values of the effect of
reducing COD — 80% with an initial COD
of 40,000 mg/L, the effect of reducing the
concentration of suspended solids — 70-75%
with an initial 6 300 mg/L in the process of
coagulation using Al,(SO,);and flotation.
High effects were also observed for COD —
88-90% and suspended solids — 90% at
the stage of soapstock adsorption. The use
of other purification processes according
to the investigated technological scheme
made it possible to reduce the COD by 30%
during aeration, by 60% during the chemical

precipitation of CaCOs and flotation, by 70%
during oxidation with hydrogen peroxide, by
65-68% during filtration on quartz filters.
After all stages of sequential physical and
chemical treatment according to the proposed
technology, the obtained purified water was
characterized by pollution indicators that
did not exceed the permissible values for
discharging to city treatment facilities with
aeration tanks.

Based on the obtained results, the
technology of local physical and chemical
treatment of oil production soapstocks was
developed (Fig. 3), process parameters were
determined (aeration duration, reagent dose,
flotation duration, oxidation, filtration rate,
filtration loading height, amount of flotation
sludge, and sediment formed, etc.).

The technology included the sequential
processes of physical and chemical wastewater
treatment — averaging, alkalization with
calcium carbonate, stage I of flotation,
coagulation, stage II of flotation, oxidation
with hydrogen peroxide, filtration through
quartz filters and absorption on carbon filters.
Taking into account the uneven removal of the
soap solution of oil production and fluctuations
in the concentration of pollutants during a day,
to equalize the quantitative and qualitative
composition of wastewater when it entered
the treatment plant for local treatment, it was
required to use wastewater averaging, which
was carried out using an aeration system.

The use of wastewater aeration in
the balancing tank enabled up to 30% of
organic substances contained in industrial
wastewater to be oxidized with oxygen in the
first stage.

At the first stage of wastewater treatment,
it is recommended to use calcium carbonate
CaCO; as a precipitating agent. When
calcium carbonate reacts with water, poorly
soluble calcium hydroxide is formed and
carbon dioxide is liberated. The pH of the
water increases, the emulsion bonds between
organic matter and water are destroyed, and
the organic solution is destabilized. Due to
the formation of small particles of calcium
hydroxide with a large surface area, dissolved
organic substances were adsorbed on their
surface and precipitated.

Table 2. Change in soap stock indicators at certain stages of processing according
to the proposed technology

No Stages of technology, indicators At the inlet At the outlet E,%
Averaging and aeration
1 COD, mgO,/L 40 000 28 000 30
Suspended solids, mg/L 6 300 6 300 0
Chemical precipitation with CaCO3 and flotation
2 Suspended solids, mg/L 6 300 1575-1 890 70-75
COD, mgO,/L 28 000 11 200 60
Coagulation with Al,(SO,4)3; and flotation
3 Suspended solids, mg/L 1575-1 890 205-284 85—-87
COD, mgO,/L 11 200 2 240 80
Chemical oxidation with Hy0,
4 Suspended solids, mg/L 205-284 205-284 0
COD, mgO,/L 2240 672 70
Filtration on quartz filters (2 stages)
5 Suspended solids, mg/L 205-284 41-71 75-80
COD, mgO,/L 672 215-235 65—68
Adsorption on pressure adsorption filters (2 stages)
6 Suspended solids, mg/L 41-71 4.1-7.1 90
COD, mgO,/L 215-235 22-28 88-90
Adsorption on pressure adsorption filters (2 stages)
7 Suspended solids, mg/L 41-71 4.1-7.1 90
COD, mgO,/L 215-235 22-28 88-90
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Fig. 3. Technology scheme of the local physical and chemical vegetable oil production soapstock:
1 — wastewater from the factory; 2 — averaging; 3 — alkalizing with calcium carbonate; 4 — flotation of the
first stage; 5 — coagulation; 6 — flotation of the II stage; 7 — oxidation by hydrogen peroxide;
8 — filtration through quartz filters (2 stages); 9 — adsorption on carbon filters (2 stages);
10 — treated water in the city sewer

The release of carbon dioxide contributed
to the water saturation with gas bubbles, which
attached to the surfactants released from the
solution on the surface of the bubbles and float,
forming foamy sediment on the water surface
at stage I of flotation with air supply through
wonderful materials. The recommended dose
of calcium carbonate is 1.8-2.0 g/L, pH 5.5.
The air supply to the skimmer must provide the
process with gas and could be carried out in case
of insufficient amount of carbon dioxide formed
as a result of the reaction, for example, in case
of a decrease in the reaction temperature, etc.
Duration of flotation was 75 minutes.

Removal of pollutants from wastewater
by flotation occurred due to the adhesion of
polluting particles to the carbon dioxide bubbles
formed in the reaction chamber and the air
that was introduced into the water by aerators
with a porous surface. Surfactants and slurry
fine particles attached to the gas bubbles. The
resulting complexes “bubble — solid particle
— surfactant” floated to the surface of the
water, forming a layer of foam (flotation
sludge). Flotation was considered as a molecular
adhesion process of flotation material particles
at the interface between two phases — gas (air)
and water. Foam and sludge were periodically
removed from the float for disposal.

The next wastewater treatment process was
the coagulation of pollutants with a mineral
coagulant, for example, aluminum sulfate —
Aly(SO,); at adose of 1-1.2 g/L at an optimum
pH of 5.5. It is possible to use flocculants, for
example, polyacrylamide (PAA) at a dose of
10 mg/L to form large flocs and intensify the
deposition of coagulant flocs.

Due to the large specific surface area
of colloidal particles, they have significant
surface energy and, as a consequence, high
adsorption capacity, due to which there was an

effective adsorption of substances dissolved
in wastewater on the surface of the resulting
colloidal particles.

The use of flocculants is based on the action
of flocculants, which is based on the flocculant
molecules adsorption on the surface of colloidal
particles, the formation of a network structure of
flocculants molecules and the adhesion of colloidal
particles due to van der Waals forces. Under
the action of flocculants, three-dimensional
structures were formed between colloidal
particles, capable of faster and more complete
separation from the liquid phase. Flocculation
was carried out to intensify the formation of
aluminum hydroxide flakes in order to increase
the rate of their deposition. The use of flocculants
enables to reduce the dose of coagulants, reduce
the duration of coagulation and increase the of
deposition rate of the resulting flocs.

Thus, with the introduction of coagulant
and flocculants into industrial wastewater due
to coagulation and flocculation, contaminants
were removed from wastewater — impurities of
varying degrees of dispersion — finely dispersed,
colloidal and molecularly soluble substances
due to the adsorption of these substance on
the surface of mineral coagulants flocs that
were formed in water, providing the necessary
conditions for coagulation. Stage II flotation
with aeration through porous materials was
used to separate the formed flocs with adsorbed
pollutants from water. The duration of the
flotation was taken as 75 min. Flotation sludge
was periodically removed for disposal.

Then, according to the technology (Fig. 3),
the wastewater after flotation of the II stage
was directed to the oxidation of pollutants
remaining in the wastewater at the outlet of
the flotation of the II stage, using hydrogen
peroxide H,0, as an oxidizer at a dose of
1.5-1.8 g/L, pH 4.5-5.5 for 2 hours, and
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contact of wastewater with an oxidizing agent
under stirring conditions to carry out reactions
between hydrogen peroxide and pollutants.
The advantages of hydrogen peroxide using
over other oxidizing reagents were the high
oxidation efficiency of organic substances, the
absence of residual concentrations of hydrogen
peroxide in the treated wastewater due to its
decomposition, the stability of the salinity of
the treated wastewater, and reactions without
toxic intermediate products.

The final process in the technology was
wastewater filtration. For example, at first it
was through loading a sand filter, the through
coal. Due to filtration, small impurities were
removed from the wastewater, which, after
the settling stage, were removed by a stream
of water: small coagulant flakes; colloidal
substances that were retained on the surface
of the grains of the filtering loaded due to the
action of adhesion forces, mutual coagulation of
colloids, adsorption on the surface of the load.

Conclusions

Experimental studies have determined
rational parameters for processing soapstocks
in the production of oils: efficiency at different
stages of processing, duration of aeration, dose
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Criuni Boau, AKi yTBOPIOIOTHCSA IIiJ Yac BUPOO-
HUI[TBA 0Jii, MicTATHL pisHOMAaHITHI 3a0pyaHIO-
BaJIbHi PEUOBUHU, AKi IIepPeXOonATh Y CTiUHi BOoU
i yac mepepoOIeHHs COAIICTOKIB: sKUPH I sKUPHI
KMCJIOTH Ta iXHi couri (BOMHI po3UMHYT M), TJIiIle-
poJ, dochorminepunu, HeUTpaIbHUN KUP, Poc-
daTugu, nporeinu, ByrjeBOAu, 3a0apBIOBATbHI
peuoBuHU (KapOTHUH, KAPOTUHOIAM, XJIOPO(ia Ta
iH.), PEYOBUHY, K1 HEe OMUJIIOIOTHCS, T4 BOCKOIIO-
Ii6Hi, coi — cyabdar i xJopug HaTpito, MeXaHiu-
Hi JOMIIIIKH TOIIIO.

Mema. JocaiguTu mpoIiecu OUHUIIeHHS BUPOO-
HUYUX CTiYHUX BOJ OJIIAHOTO BUPOOHUIITBA Ta 3a-
IPOMOHYBaTU e(eKTUBHY TEXHOJIOTIIO iX JIOKAIb-
HOT'0O OUUITIEHHSA 10 HOPMATHUBHUX BUMOT y IIPOIle-
ci CKUJZAHHSA OUUINEHUX CTIiYHUX BOJ Y CUCTEMY
BOJIOBiIBeIeHHS MicTa.

Memoodu. Ximiune criokuBauHa KucHO (XCK)
BuU3HauUaau 6ixpomMaTHUM MeTomom. KoHIleHTpa-
IiI0 3aBUCJINX PEUOBUH — IPaBiMETPUUYHUM Me-
TOLOM.

Pezyavmamu. ¥ mpoiieci o6pobIeHHA coat-
CTOKiB KapOOHATOM KaJIbIiI0 3 ITOMAJIBIITOI0 (JIo-
Tarieio 0yJo oTpuMaHO ePEeKT BUAATEHHS 3aBU-
caux peuoBuH Ha 10-75% , sumkenus XCK — Ha
60% . Ha ocHOBI mocaim:keHs 6yJI0 3aIIPOIIOHOBAHO
TEeXHOJIOTiI0 OUMIINEHHS COAIICTOKIB, IO BKJIIOUAE
mocJifmoBHI mporecu (PiBUKO-XiMiYHOTO OUHUITIEH-
HA CTIiYHUX BOJ — yCepeqHEeHHS, iy KyBaHHA
KapOoHaTOM KaJIbIlifo, I cTymins (paoraiiii, Koary-
aamisa, II crynias gaorallii, OKMCHEHHS IePOKCH-
JIOM BOJIHIO, (DiIbTpAIlif0 uepes KBapIioBi (GigIbTpu
Ta afgcopObIlito Ha ByriJbHUX (PiabTpax.

Bucnosxu. Po3pobiero eheKTUBHY TeXHOJIO-
riio monepegHLOTO OUUIIEHHS COAIICTOKIB OJIilfiHO-
ro BupoOHuUITBa. Ile macTh 3MOry 3HAUHO 3HUBU-
TH KOHIIEHTPAIlil opraHiuyHMX pPevuoBUH Ta iHIITHUX
3a0py/HEHDb y COAICTOKAX, II[0 CYTTEBO 3HU3UTH
BIJIMB TaKUX CTOKiB Ha mpoiiecu 06ioJIOTiuHOTO
OUUINEHHA CTIYHNX BOJ MiCbKMX OUMCHUX CTAHITIM.

Knawuoei cnoea: coalCTOKW; POCJAWMHHA OJIid;
3a0pyAHIOBAJIbHI PEUOBUHN; TEXHOJIOTiA OUUIIIEH-
HA; CTiuHi Bogm.

ITPOBJIEMbI OYHUCTEHU COAIICTOROB
MACJIMYHOI'O ITPON3BOACTBA
1 UX PEHNIEHUE

JI. Cabauii', B. JKyrosa', C. Kononyes?,
0. 060dosuu®, B. Cudopenro®

1HaI_U/IOHaJIbH1:11‘/’1 TeXHUUYECKUU YHUBEPCUTET
Yxpauusl « KueBcKUi MOJIUTeXHUUECKUH
UHCTUTYT uMeHu rops CUKOPCKOTO» .
2Hau1/10HaJILHLH‘?I YHUBEPCUTET BOTHOTO
XO3HCTBA ¥ TPUPOIOIOIbL30BaHUsA, POBHO, YKpamHa
MHCTUTYT TEXHUUECKOU TelJIOPU3UKYU
HAH Vkpaunsi, Kues

E-mail: verolis86@gmail.com

CTouHbIe BOJBI, 00Pa3yIOIUecs IPU IIPOU3-
BOJICTBE MAacJjia, comepsKaT pasJaudyHble 3arpa3Hs-
IOII[F€ BEIlleCTBA, KOTOPbIE MIEPEXONAT B CTOUHBIE
BOJABI TpU IIepepaboTKe COAICTOKOB: KUPHI U
JKUPHBIE KMCJOTHI ¥ X COJU (BOJHBIE PACTBOPHI
MBLIT), TJIUIEPOJI, (OCHOTIUIEPUALI, HeHTPATD-
HBIA »Kup, pochaTuabl, IPOTEUHBI, YIJIEBOILI,
OKpallimBaoIue BelecTBa (KapoTuH, KapoOTUHO-
UIBI, XJIOPOMUILI U AP.), BEeIl[eCTBa, KOTOPLIE He
OMBLISAIOTCS, M BOCKOOOpasHbie, COJIU — CYJIb(aT
¥ XJIOPUJ HATPUSA, MEXaHNYECKHUe IIPUMECH U T. II.

Ienw. UccnemoBaTh IPOILECCHI OUUCTKY IIPO-
M3BOACTBEHHBIX CTOYHBIX BOJ MACIHUYHOTO IPO-
M3BOACTBA U HPEAJIOMKUTE 3PPEKTUBHYIO TEXHO-
JIOTUIO UX JIOKAJbHON OUMCTKH 10 HOPMATUBHBIX
TpeGoBaHU B Ipoliecce cOPoOca OUHUIIEHHBIX CTOY-
HBIX BOJ B CCTE€MY BOJOOTBEIEeHNS rOpPoIa.

Memodv.. XuMuueckoe moTpebdaeHne Kucao-
poza (XIIK) onpemensaiu 6MXpOMAaTHBIM METOIOM.
KoHIeHTpaInio B3BeIIeHHLIX BEIleCTB — I'PDaBU-
METPUYECKIM METOIOM.

Pesyavmamut. B mporecce o6paboTKu coat-
CTOKOB KapOOHATOM KaJbIUA C IOCIEenyoIei
droTaiueit 6bLT MOTYUeH 9((PEKT yaaTeHa B3Be-
IIeHHbIX BellecTB HA 10—-75% , cumxenne XIIK —
Ha 60% . Ha ocHOBe uccaemoBaHU ObIIa IPeJIo-
JKeHa TeXHOJIOTUSA OUNCTKY COAlICTOKOB, BKJIIOUA-
10I[asA IOoCJIeI0BaTeIbHbBIE TIPOITeCChl (PU3UKO-X-
MUYECKON OUMCTKHU CTOUHBLIX BOJ — yCpPeIHeHne,
mofIelaunBaHue KapboHaToOM Kajablusd, I cTy-
neHb puoranuu, Koaryaanus, I ctynens guora-
1IU1, OKUCJIEHNE IePOKCUIOM BOOPOaa, (GUIbTPAa-
IO Yepe3 KBaplieBble (GUILTPLL X aJCOPOIIUIO Ha
YrOJILHBIX (DUJIBTPAX.

Bbreoodvi. Pazpaborama ahGheKTuBHAA TeXHO-
JIOTUS NPeABAPUTEIbHON OUMCTKU COAIICTOKOB
MACJISTHOTO MMPOW3BOACTBA. ITO MO3BOJIUT 3HAUN-
TEJIbHO CHU3UTh KOHIEHTPAIMYN OPraHUYECKUX
BEIeCTB M IPYTrUX 3arpsA3HEeHUll B COANCTOKAaX,
YTO CYIECTBEHHO CHUBUT BJINAHNE TAKUX CTOKOB
Ha IIPOIEeCCHI OMOJOTMYECKON OUNMCTKN CTOUHBIX
BOJI TOPOACKUX OUMCTHBLIX CTAHIIUIA.

Knwuesve cnosa: COAIICTOKHM,; pPacCTUTeJIbHOe
MAacJIO; 3arpdas3HdAI0INe BeljeCTBa; TeXHOJIOTUA
OYMCTKH; CTOUHBIC BOJBI.
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