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Abstract: The technology of producing an adsorbent, which have magnetic properties, for the oil removal from
waste water and surface water bodies by the controlled magnetic field, is proposed. A method of the magnetic
adsorbent producing includes the mixing of magnetite and the absorbent material which is degradable steel slag.
The weight ratio of slag: magnetite = 1: ( 1.5-2.0). Optimal particle size of the components is 70-100 microns.
Application of a magnetic treatment with the treated water prior acidification to pH = 3 ÷ 4 improves the
efficiency of oil removal from waste water up to 1.5 times. To remove spills of petroleum products by the
proposed magnetic adsorbent we developed diagram of the device, which is mounted on board a catamaran-
type oil skimmers. The device includes a body, which is open to the entry and exit of treated water, the bottom
of which is made in the form of endless moving belt. Above the tape at the end of its movement is set oil-
gathering magnetic drum system. Adding oil adsorbent layer is made from a hopper disposed at the front of the
vessel and provided with a drum feeder which provides a predetermined flow of the adsorbent depending on
the thickness of the oil layer. Due to the high bulk density is a quick dip in the adsorbent layer of mineral oil.
Large flocs, lost buoyancy deposited onto a moving belt and move to the oil-gathering drum. Removal of
saturated adsorbent is carried out with the drum surface scraper, passing into a trough in which is located a
rotating auger.

Key words:Magnetic adsorbent  Magnetic treatment  Magnetic field  Petroleum products  Structural
changes  Magnetite  Steel slag  Ship-to-skimmer

INTRODUCTION These  methods  are  becoming  more  widely  used in the

According to the modern concepts, oil and oil storage  of  high-viscosity  oils  and  highly  solidifying
residues are composed of low-and high-molecular oils.   It’s   using   allows   for   a   short   period   of  time
hydrocarbon and non-hydrocarbon components [1]. to achieve a significant level of destruction of the
According to the colloid-chemical properties, they are oil structure of petroleum associates formed by resin-
dispersed systems with complex internal organization asphaltene components and crystalline paraffin
capable of change under the influence of external factors hydrocarbons   and    maintain   this   level   for   the  time,
[2]. that  is  necessary  to  carry  out  mass  transfer  processes

Low-energy technology (acoustic, vibration, [4, 5].
magnetic, etc.) that can be used without significant cost We have carried out works on the extraction of oil
or external energy or using internal resources of products from waste water and disposal of oil spills from
substance to rebuild its structure, is the most promising the surface of the water with the help of magnetic
due  to  their  cost,  performance  and  availability [3]. sorbents   and  devices  controlled  by  a  magnetic  field.

oil  industry  in  the  production,  transportation  and
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Table 1: Chemical composition of the electrosteel slag (wt. %)

CaO SiO Al O Fe O MnO MgO Cr O CaO2 2 3 2 3 2 3

45,0 24,8 6,2 7,9 3,3 10,8 2,0 8,3 (more 100%)

Table 2: Chemical composition of the iron ore (wt. %)

Fe O FeO SiO Al O CaO MgO Na O2 3 2 2 3 2 2

67,5 27,1 4,3 0,3 0,2 0,4 0,1 0,1

Table 3: Characteristics of coolant "Emulsol T" before and after use in metallurgical production

Indicator Indicators of an aqueous emulsion of coolant Indicators of an aqueous emulsion of used coolant

Appearance Homogeneous transparent oily liquid 

from yellow to brown Flooded topsheet emulsion of nonemulsified oil

Smell Mineral oil Hydrosulfide odor

The mass concentration of solids, C, mg/dm 0,1…0,4 7,23

Mass part of water, %, max 90,0 95,0

The content of external non-emulsified oils, % 0,5…1,0 5,0

Density, kg/m 991 9953

pH 8,9 10,0

For studies of sewage water containing emulsified  oil  in
the form of cutting fluids, magnetic sorbent was used,
consisting of a homogeneous mixture of iron ore powder
and degradable steel slag with a particle size of 70-100
microns and a weight ratio of iron ore: Slag = 2:1 [6,7]. The
components are selected from the conditions of iron-
containing phases and qualitative similarity of chemical
compounds to form strong bonds with intermolecular
interaction. The chemical composition of the components
of the adsorbent was determined by X-ray fluorescent
spectrometer of series ARL 9900 (Table 1,2).

The object of the investigations were waste water, Fig. 1: The influence of magnetic field on the used
the aqueous phase formed after decomposition of cutting coolant depending on the of the proportion of
fluid (coolant) "Emulsol T". Physico-chemical electrosteel slag and iron ore concentrate in the
characteristics of the coolant before and after the adsorbent
operation are shown in Table 3. 1-under the influence of the magnetic field; 2-

In the studies we determined the dependence of the without affecting of the magnetic field
efficiency of water treatment on the following parameters:

Percentages by weight of components adsorbent and  the  effect  of  the  application  of  magnetic
particles and dispersion; treatment.
The processing time in a magnetic field; The efficiency of extraction was monitored by
The magnetic coil; impurities transparency of the solution, determined with
pH of the original waste water containing the waste optical density by photocolorimetry method. The absolute
coolant; error of measurement of the transmission coefficient does
The pre exposure of waste coolant in an acidic not exceed 1%.
environment. From   these    data  it    follows,    that    the   using

A comparative study, which is presented in Fig. 1, iron   ore:   slag   improves   cleaning   efficiency   up  to
shows   the    dependence    of   the   efficiency   of   waste 1.5 times.

water  treatment  on  the  composition  of  the  adsorbent

of  magnetic  treatment with using optimal composition
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Fig. 2: The used coolant before and after aciding [8]
a) pH = 9; ) pH =3 (after 5 days) An important role in the effectiveness of treatment

To determine the necessary duration of the magnetic optimal value of which amounted to 120 hours. After
treatment the suspension was placed in an settling the formation of two layers with a clear boundary
electromagnetic coil for 30 seconds to 240 seconds. between is taken: organic oil phase and clarified aqueous
According to the results-120 seconds are enough time for phase (Fig. 2).
treatment of the coolant in the magnetic field, which On the base of the studies a technological scheme for
corresponds to the total magnetic saturation of the the treatment of waste water containing waste coolant
ferromagnetic particles of the adsorbent in the magnetic was developed (Fig. 3).
field strength of 200 A/m. According to the proposed scheme, waste water

The effect of the magnetic field on the efficiency of containing emulsified oil from the supply tank 1 enter the
waste water treatment was determined by changing the mixing tank 2 with an acid and subsequent standing for
current of the magnetic coil. The results showed that the 120 hours. After settling the treated water enters into the
increase of tension and of the gradient of tension enhance screw mixer 8, situated from the outer surface of the
the effect of the detention of petroleum products. This is magnetic system 10. After the magnetic treatment of the
due to the action of the field on the charged and polar slurry get into the vacuum cleaner 11 for separation of
particles contained in the liquid and the presence of water. Removing trapped oil produces by spinning with
forces associated with changes in the magnetic flux in the followed heating in an electric furnace with a vapor
fluid entering the zone of the magnetic field and at the condensation or by use of iron as a component in the
outlet thereof, which leads to a change in its structure and production of cement, improved fuel economy during the
properties. burning of cement clinker.

The  studies  revealed  that  the  effect  of increasing
oil removal (95 ÷ 96%) is provided by emulsion
acidification to pH = 3 ÷ 4. This is due to the fact that the
failure of the structural mechanical barrier occurs, i.e. it is
destructuring  of the emulsion system, which exhibits
more  pronounced  difference  in  the  magnetic  properties
of the particles of oil and water and reduces the viscosity
of the system, which in turn creates a more favorable
environment for the oil retention by the magnetic
component of the adsorbent particles in a magnetic field.

has the duration of acid pre exposure of coolant, the

Fig. 3: Technological scheme the treatment of the waste water containing waste coolant
1-supply tank, 2-mixing tank, 3-tank of H SO , 4-pneumatic mixer, 5-pipeline,  6-valve,2 4

7-consumption indicator, 8-screw mixer, 9-bunker, 10-magnetic coil, 11-vacuum filter.
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Table 4: Specifications of the silicone water repellent "Yarko"

Reaction of medium (pH of water extract) 11,5-13

Water adsorption (% by weight) 3
Density (kg/m ) 10203

Dry residue, max (%) 1,8

Table 5: The test results of the magnetic adsorbent for petroleum products

Oil capacity, g/g
---------------------------------------------------------------------------------------------------

Type of the petroleum products On the water On the solid surface

Kerosene 0,30 0,32
Diesel fuel 0,34 0,36
Gasoline 0,4 0,41
Motor oil 0,98 1

Table 6: Comparative characteristics of industrial and developed sorbents

No Adsorbent Volume mass, kg/m Oil capacity by weight., kg/kg Oil capacity of 1 m  adsorbent, kg3 3

1 Sibsorbent 170 4 680
2 Sawdust 150 5 750
3 Lesorb-extra 60 10 600
4 Sorboil A 370 3 1110
5 Peat 100-200 5-3 500-1000
Developed sorbent Iron ore concentrate+slag 1610 1,0 1610

The use of magnetic sorbents in the removal of oil For studies for the petroleum gasoline, diesel fuel
spills and oil may be of considerable interest to improve and motor oil "Mobil" were selected. Oil intensity of the
the efficiency of their collection from the surfaces of magnetic adsorbent was determined by the mass
bodies of water. Limiting their use at the present time due difference between the initial and the saturated material by
to the high bulk density of sorbents, which is reflected in immersion in the oil on a grid of copper wire. The results
their buoyancy. showed that the oil intensity depends on the type of oil

Application of sinking agents allows to get the (Table 5).
operation to free the water surface of the floating oil in Test results of the magnetic adsorbent for various
one go, but it is necessary that the material is firmly fixed types of petroleum products shown, that the best results
the oil and did not allow the possibility of its ascent. are observed when collecting oil spills. This is due to the

To provide buoyancy and reduce water absorption fact that in addition to physical adsorption, oil intensity
investigated sorbent was modified by silicone water is determined by capillary action and fill interstitial spaces,
repellents "Yarko". of which the lighter fractions of petroleum products is

Specifications of the are repellent is presented in partially removed because of its high fluidity.
table 4. Comparative characteristics of oil capacity of

Yarko-silicone waterproofing organosilicon water- industrial and developed adsorbent on the mass of
based fluid, colorless and odorless. It does not contain absorbed oil per unit of weight and volume of the
organic solvents, non-toxic, fire-safe. It does not form a adsorbent are presented in Table 6.
film and prevents air exchange. It does not change the From these characteristics, we can conclude that the
steam and air permeability of materials. It is applied by a developed sorbent has a maximum bulk oil capacity, which
spray, impregnation method in capacities up to full has a positive impact during transportation adsorbent
saturation. vessels, skimmers with a limited useful volume to

The required amount of water repellent measured in accommodate the load.
terms of water absorption and buoyancy. Fig. 4 illustrates the introduction of magnetic

The results indicate that the required amount of adsorbent, which have an increased bulk density of the
repellent for maximum buoyancy up to 72 hours is 8-10 %. bed of spilled oil products and removing spilled oil
In this case, water absorption of samples is 6-10 %. saturated  adsorbent by inhomogeneous magnetic field in
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Fig. 4: Scheme of removing spilled oil from water surfaces
1-ship-oil skimmer, 2-body, 3-moving belt, 4-oil-gathering drum, 5-scraper, 
6-gutter, 7-auger, 8-collecting, 9-bunker, 10-drum feeder

one portion. [9] Whereas the existing methods of out with the drum 5 with a scraper, passing in the groove
removing comprises the step of adsorbent spraying on 6 provided at the beginning of the descending surface of
the bed of spilled oil and then poured oil is collected by the drum in the area off the magnetic field. Removal of the
various special devices. collected mixture is rotating screw 7 at the tank.

The device is mounted on a vessel-skimmer 1, type Separation of the collected oil is carried out in a screw
catamaran. The device comprises a body 2, open to input centrifuge in stationery condition.
and output the processed surface water, the bottom of Thus, the proposed device allows to collect
which is in the form of an endless moving belt 3. Belt is in effectively viscous oil using adsorbents with a high bulk
the form of corrosion-resistant mesh material. Above the density by quickly dipping them into oil bed, which is not
belt at the end of its movement is set oil-gathering drum easy to provide by light adsorbents. Achieving a
4 with a magnet system producing on the surface of an complete saturation of the adsorbent provided the speed
inhomogeneous magnetic field. Adding of an adsorbent of the boat. To ensure the contact time of the adsorbent
into bed of oil is made from the hopper 9, which is located with the spilled oil for 10 seconds and the location of the
in front of the vessel and provided with a drum feeder 10, bunker at 10 m from oil skimmer drum speed of the vessel
which provides a predetermined flow of the adsorbent must be 3.6 km/h. With a working width of 2 m and a layer
according to the thickness of the oil bed by changing the thickness of 2 mm spilled oil quantity of collected oil will
speed of rotation. Due to the high bulk density of the be 12 t/h. These studies show that the use of magnetic
adsorbent saturation time is 6-10 seconds, during which sorbents together with the influence of magnetic field on
it reaches the drum oil skimmer. Large floc, lost buoyancy the oil and emulsion system to clean water and sewage
deposited onto a moving belt and also move to the oil- contributes to a significant positive effect in the relevant
gathering drum and due to the magnetic field are attracted structural elaboration of used devices. [10] The use of
to its surface. Removal of saturated adsorbent is carried magnetic sorbents with a bulk density greater than the
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density of petroleum products, their magnetization 5. Fay, J.A., 1971. Physical processes in the spread of
enables rapid and efficient removal of magnetic oil on a water surface. Proceeding of the Joint
separators. Conference on the Prevention and Control of Oil
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Enterprises in Science and Technology to implement the and A.S. Polyakov, 2012. Technology for processing
program "START 2013 " (Direction H3, "Modern materials of coolant using metallurgical wastes. Scientific and
and technologies of its creating"). technical journal "Chemistry and Chemical
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