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EKCTPY3IA TICTA Y KUIBLEBOMY WIAPI, 10 3MAL[HE

PosrystHyTo 3aBiaHHs pPyXy TiCTOBOI Macu B KaHaji 3 BUKO-
PUCTAHHSM Ti[POMHAMIUHOTO MacTuja. BusHaueHa MaTeMaTUyHa
MOJIeJIb JIMHAMIYHOTO cTaHy B'si3Koi pimuuu. CKJIa/ieHO piBHSIHHS
CIiabHOI Teuii. Po3pobiiero cnoci6 6e3KOHTaKTHOTO (hopMyBaHHS
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TepTS B MATPHUIIX MAaKapOHHOTO Iipeca.
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3AXHCT BOAHOr0 BEACEHHY BIJ
SABPYAHEHKUX CYNbPIAHUX BOA

Busueno sudanrenns cyavhioie 3i cmivnux 600 uexy uiaxonepepooxi, pospobiena mexmonozis

sudarenns 3a0pyonI0uuUx peuosun, nobydosana ycmanoska eudaienns cyivdioie, axa 00360-
JUNA YHUKHYMU 3a0PYOHEeHNHS HABKOIUWHDOZ0 Cepedosuuya ma wmpapHuux niamexicis y po3mipi
140 man. epn. na pik. Onmumizosano ymosu sudaienus cyivpioie si cmiunux 6od. /ocaidiceno pisui
YMOBU CUNME3I6 AHIOHHUX COPOEHMIE PISHUX MUNIE, a MaKoXHe 002080pPeHi Pi3Hi MEXHOL02I 00ePHCaAHHsL

copbenmia 6 nPOMUCIOB0CMI.

Kmovosi cnosa: cyivgiou, cmiuni 600u, copbenmu, cunmemuuni anionni 2iunu, Memairypeziini

waaxu, copoyist.

1. Introduction

Sulfides including hydrogen sulfide, are acutely se-
cond class of substances of danger. They are highly toxic,
inhalation of air containing hydrogen sulfide causes dizzi-
ness, headache, nausea, and a considerable concentration
leads to coma, convulsions, pulmonary edema and even
death. At high concentrations, a single inhalation exposure
may cause instant death. The main source of exposure of
sulfides in water pool Azov region are smelters. Around
smelters are many storage metallurgical slags (Fig. 1).
Within the city there are nine waterworks, which are
influenced by metallurgical slag.

Fig. 1. Slag repository metallurgical plant, water
with a high content of sulfides

Wherever there is a metallurgical slag accumulated in
the reservoirs of water with an extremely high concentra-
tion of sulfides, which sometimes erupt into streams and
rivers, as a result of floods, which leads heavily polluted,
the emergence of industrial accidents.

Oxygen in the water is consumed for the oxidation
of sulphides, the oxygen content in waters sulphide data
becomes zero, and this leads to the destruction of living
organisms. Sites for storage of metallurgical slag plant,
located near the river Kalchyk. Rivers and lakes occurring
near shlagrepository contaminated and turned into storage
with contaminated water in which the concentration of
sulfides reaches 1 g/l. Although close to the river and
located Kalchyk dams, but under emergency breakthroughs
often occurs getting polluted water into the river Kalchyk
that leads to the death of the inhabitants of the river.
Protection dams and oxygen in the air oxidation of sulfides
reduce their concentration, but at the final stage, when
they are released into natural water bodies, it is neces-
sary to complete removal of sulfides from wastewater. The
presence of sulfides in water makes water an unpleasant
smell intensifies the process of corrosion of pipelines and
their causes overgrowth due to the development of sulfur
bacteria. Sulfides have a toxic effect on human and cause
skin irritation. Hydrogen sulphide is toxic to living or-
ganisms. Prolonged use of water containing the substances
at concentrations above regulatory, may develop chronic
intoxication, leading eventually to a certain pathology.
Note also that the toxic effects of the substances can be
shown not only by oral admission of water, but absorbed
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through the skin. At high concentrations of hydrogen
sulfide a headache, dizziness, insomnia, weakness. There
is also a general neurotoxic effect [1]. Maximum permis-
sible concentration of sulphide in water is 0,001 mg/1 [2].

The aim of our work was the creation and imple-
mentation of technology sulfide removal from wastewater
shlagrepository metallurgical plant in order to prevent
environmental pollution.

2. Experemental part

As sorbents ispolzovalt dvyonye layered hydroxi-
des (LDH). Syntheses sorbents were carried out as de-
scribed in [3—5]. The solution of metal salts Mg(NO3),
and AI(NOs)s with concentrations close to 100 g/1, taken
in stoichiometric ratio, was poured with stirring into
a solution containing approximately twofold excess of
alkali carbonates (final pH is 8—10). As a precipitant
solution using NaOH and NayCOs. The deposition time
was 24 hours, the crystallization at a temperature of 80 °C
was 96 hours. The resulting samples were washed until no
alkaline reaction, and dried at 120 °C to constant weight.

Sulfides determined by reacting the sulfide oxidation
products with N,N-dimethyl-n-phenylenediamine salt of
Fe?* in acidic medium to form methylene blue. Volumetric
flask was placed 40,0 ml 100,0 ml of distilled water is
then added 20,0 ml of the filtered solution samples were
analyzed, as well poured 10,0 ml of 0,1 mol/I zinc acetate,
2,5ml of 0,5 % solution of N,N-dimethyl-p-phenylenediamine
and 1,0 ml of 5 % FeCls and adjusted to the mark with
water. The flask was stoppered, stirred for 30 seconds.
The flask was heated on a water bath for 5 minutes.
The absorbance of the obtained solution was measured at
a wavelength of 670 nm. Used cell length of 50 mm. Refe-
rence solution — water. Preliminarily investigated the rate
of air oxidation of hydrogen sulfide. Calibration curve for
the determination of sulphides photocolorimetric. Sorption
studies were performed in batch conditions, loading the
sorbent in a solution containing contaminants (sulfides)
and sampled after stirring vigorously for a while. Standard
sorbate concentration amounted to: S*~ = 5 - 10~ mol/1.

3. Lahoratory investigations

Research sorption of sulfide ions LDH performed in
stirred tank reactor with periodic sampling, the con-
centration of sulfide ions was determined spectropho-
tometrically. The data obtained revealed that the rate
of sorption sulphides high, the system quickly reaches
a state of equilibrium. Were determined by calculation
of the first order rate constant of sorption of sulfide
ions with different masses of the sorbent. The resulting
kinetic dependence of sorption suggests the first order
by weight of the sorbent. To replace sorbents mass con-
centration of active centers in the bulk solution using
dynamic capacitance values for all LDH defined in terms
of dynamic equilibrium. To determine the activation pa-
rameters sorption of sulfide ions was studied on LDH
leakage of ion exchange at different temperatures. Were
determined rate constants for sorption of sulfide ions at
different temperatures. The resulting value of the acti-
vation energy indicates that the reaction occurs in the
diffusion area, but close enough to the kinetic energy,
which means high acidity of sulfide ions.

Full kinetic equation for the sorption of sulfide ions
sorbent Mg/(Mg + Al) = 0,72 mol/mol has the form:
k=0,5-10% ¢ Z20/RT | 19=(,5.103.¢ 220/RT .C, .C,, . The
study of sorption processes for different composition LDH
possible to determine the rate constants of the second
order for the sorption of sulfide ions. On the basis of
kinetic regularities sorption process parameters were cal-
culated install pollution prevention sulfide environment.
This setting is implemented on shlagrepositories metal-
lurgical plant, Mariupol [6—9].

4. Technology calculation sulfides removal unit

Practical results were implemented in a plant for the re-
moval sulfides at the metallurgical plant. Industrial cleaning
Kalchyk riverbed and water purification, storage near metal-
lurgical slag, used LDH obtained on an industrial scale.
The ratio Mg/Mg + Al is 0,72 mol/mol, the surface area
is 150—200 m?/g, a tablet of 5 mm diameter and 5 mm
thick. Initial data for calculation of adsorption unit were
as follows. Rainfall draining through the slag conversion
accumulate in natural depressions separated from the river
dam. With very heavy rain or emergency water breaks
through the dam and the creek falls into the river. Maxi-
mum water flow in the creek in the shop is 50 m?/hr
shlag concentration of sulfides in the mouth of the creek —
12 mg/1, which is 4 - 10~ mol/l. To clean river tableted
using layered double hydroxides with a ratio Mg/Mg +
+ Al = 0,72 mol/mol. Sorption rate sulphides described by
the equation: 9=k-Cg -C,,, where & — rate constant of
the second order, 1/mol - s, k = 245,4 1/mol - s, Cs*~ — the
concentration of sulphides in the stream flowing into the
river from the territory slag conversion. Ss*>~ = 12 mg/dm3,
or 4 - 107" mol/l. The concentration of active sites is cal-

culated by: C,j. :E-%, where E = 0,163 meq/g. Taking

into account that the pelletized sorbent porosity is 50 %,
we find that the effective concentration of the active sites:

500
:ﬁ-0,163:0,163 mol/l. It was calculated that the

residence time in the reactor should be more than 200 (more
than three minutes). Choose a normal average fluid velocity
in the reactor m = 0,2 m/s. Sectional flow: 0,07 m?, the
required length of the pipe is: 1 = 40 m. Under the terms
of terrain pipe will be installed at an angle of 0,7/10,
mean estimated speed of 0,3 m/s, which is close to the
calculated value, the turbulent regime will be provided.
For convenience, the service was installed trough cut from
the pipeline axis. Its diameter is: d = 0,5 m. To reduce the
length of the tube, while maintaining the efficiency of its
work, it is proposed to increase the flow path of water
through tangential deflection. Total pipe length is 10 m
Total sorbent for water is 75 kg [10]. Sorption capacity
used granular anionic clay was 0,16 meq/g. Therefore, 1 kg
of sorbent absorbs 16,3 - 1073 equivalents sulfides that is:
0,261 g/kg. The initial concentration of sulfides was 12,0
and finite — 0,4 mg/l. From these data we find that one
can purify sorbent kg 22,4 dm® wastewater contaminated
with sulfides. Taking into account that the cost of granular
sorbent is 50 €/ton, calculated the cost of cleaning 1 m?
of wastewater contaminated with sulfides is 2,22 €. These
data are important to compare with the size of damages
caused by nature, due to the discharge of pollutants into
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bodies of water with sewage. Calculating the size of dama-
ges caused by water bodies (except sea water) due to the
emission of pollutants from wastewater in excess of the
established limit values [5]. Penalty payments for 1 ton
of pollutants (sulfides) will be: 7029900 uan/ton. Cleaning
cost of 1 ton of synthetic anionic clays sulfides is: 16667 €
It is approximately 183 333 uan/t. Thus, cost-effective use
of sorbents proposed because it costs significantly less than
the penalty payments for enterprise environment contami-
nation sulfides.

We estimate the size of the penalty payments that
would have paid the company, if this setting was not built
in a shop shlakopererabotki. Water flow in the stream is
50 m?/hr, the concentration of sulfides — 12 mg/l. Annual
discharge sulfides be 5,265 tonnes and penalty payments
amount to 140 mlin.

1. The investigations on the removal of sulfides from
wastewater metallurgical plant.

2. A technology that prevents pollution runoff shlagre-
pository.

3. Designed and built the installation remove sulfides
in the slag conversion in the metallurgical plant.

4. Plant operation prevented penalties for environ-
mental pollution in the amount of 140 mln. per year.
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3AMTA BOJHOr0 BEACCEHHA OT 3ATPASHEHHBIX
CYNbPHAHBIX BOA

Wsyveno ynanenue cyabhu0B U3 CTOUHBIX BOJ IleXa MIJIaKO-
nepepaboTKu, paspaboTaHa TEXHOJIOTUS y/IaleH sl 3arpsI3HsIIONINX
BEIIECTB, IIOCTPOCHA YCTAHOBKA y/aJeHUS CYJb(MUIO0B, KOTOpas
M03BOJIIIa N36€eKATh 3arpsI3HEH s OKPYKAIOMEN cpebl i mTpad-
HBIX I1aTesxeil B pasmepe 140 mutH. rpH. B To1. ONTUMU3NPOBAHBI
yCJIOBUS yaaJeHusl cysb(upoB 13 CTOUHBIX BoA. VccienoBaHbl
PasJIIYHBIE YCAOBHSI CHHTE30B aHMOHHBIX COPOEHTOB PAa3IMUHBIX
THIIOB, a TakkKe OOCYXK/ICHBI PAa3INYHbIe TEXHOJOTUM TIOJyICHUS
COPGEHTOB B IIPOMBIIIJIEHHOCTH.
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