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Simulation of oil products separation from fibroussorbent material
centrifugally

Boris SentyakoV, Alexandr Repkd, Vladislav Sviatski®, Maro$ Soldan* and Yury Nikitin °

The paper deals with ecotechnology on the exanfplleeoprocess of separating the fibre sorbent niatérom oil products by the
centrifugal method for the mining industry. For imatnatical modelling of the process of centrifuggdaration of oil-containing products
from fibrous sorbent unit, a problem of finding htive productivity of the process depends on thasadf the centrifuge perforated drum,
transverse dimensions of sorbent units, drum amgggeed, a viscosity of the fluid and nominal ditanef a capillary, was solved. The
basic assumption in the problem solution was thatftbrous sorbent units are considered as a selytifidrical capillaries of a certain
length and diameter arranged radially. It is alselieved that every capillary is initially completednd uniformly filled with a liquid. It is
found that the productivity of the process sigaifity increases with increasing the average diamefethe fibres forming the fibrous
sorbent article, and also with increasing radiusdeangular speed of the centrifuge perforated drumd eeducing the transverse dimension
of the fibrous sorbent unit. It was made an expenital stand of centrifugal separation plant for pibducts from fibrous sorbent material.
The use of this method will increase the efficiesfayombating oil pollution for the mining industry
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1. Introduction

Crude oil has a noticeable negative impact on tusystems of the geosphere and the hydrosphere. The
effect is mainly related to the extraction, tramipg and processing of oil. Regardless of the tgreent and
employment of low-waste technologies in oil refiesr upgrading of petroleum production technology;
improvement of the processes for storage and teatajon of oil and petroleum products; advanceiiviies
for localization and elimination of accidental $pilas a whole pollution of water reservoirs witlude oil
remains dangerously high (Angelova, 2011).

Oily wastewater is one of the environmental conséoday. As one of the most important global souafe
energy and raw material for industries, any oillage or inefficient extraction implies not only\éronmental
issues but also an economic loss (Akhzat et al06R0By now, various technologies, such as absmmpti
filtration, membrane technology and physical, maitel, biological and photochemical method wereppsed
for oily wastewater treatment (Yim et al.,, 2012dafHan et al., 2015). The most common way is dope b
absorption or filtration using porous sorbents (@hat al., 2014). A large number of synthetic padysn
including polypropylene, polyester, polyurethane &arious acrylic and olefin resin have been reggbds the
oil sorbents with high capacity of oil absorpti@abir, 2015) and (Haoyi et al., 2014).

The use and transport of crude petroleum and petnolproducts have led to an increasing amount of
spillages of various scales. Petroleum-spills maytaminate large areas of the sea, as well ashttres where
it is eventually washed up. This can cause majeirenmmental problems due to the toxicity of manynmmunds
in petroleum to aquatic organisms, birds and hunflaimset al., 2012) and (Wu et al., 2014). Morequie toxic
volatile constituents of petroleum spills can evap® and as a consequence, cause atmospheridgolllhus,
clean-up of petroleum spills from the water surfeccan important task. Different methods can beluee the
removal of petroleum from the water surface, faaraple, thermal, biological, mechanical and phydienaical
(using coagulants and adsorbent materials) techrigBayed, Zayed, 2006) and (Gammound et al., 2@a7)
far, removing of petroleum spills by adsorbent miate is the most safety and effective processey @& al.,
2008) and (Flegner et al., 2015).

Environmental contamination occurs during oil adé groduction as oil is transferred to the envirenm
by transportation, refining, and use (Ibrahim, Wa2@10) and (Banerjee et al., 2006). Oil is usuediynoved
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from wastewater before discharge to the environrteenteet the maximum allowable limit of oil and gse in
water as required by local enforcing agency (Spkscarikova, 2015).

Topical issue of ecotechnology is the collectionodfpollution, and then separating the fibrousbsmt
material from oil products. The process of regetiemaof fibrous sorbent units by the use of a déurgal
method is described as follows. Saturated withooibil product fibrous sorbing material shaped l&kdoom
cylinder or pad is placed in a perforated cylindridrum (Sviatskii et al., 2015) and (Sviatskiiadt, 2016).
Depending on the size of the drum, several unitsbzaloaded as one portion. The drum, which axpased
vertically, is rotated. Because of centrifugal fesdhe liquid, seeping between elementary fibresjes toward
the peripheral surface of the drum and leaves thendhrough the formed therein set of small-diamétdes,
accumulating in a reservoir.

To establish engineering methods for calculatiod design of arrangements for the regeneration lef oi
saturated fibrous sorbent units by means of thérifeging process, it is necessary to relate thénnechnical
characteristics of the centrifugal arrangements wite properties of the fibrous sorbent units aadids
subjected to separation.

A similar problem, how to evaluate the effectivene$ a centrifugal drying of timber, has been sdlbg
Oti Moto P.M. (Oti Moto, 2006), (Oti Moto, 2007) @riOti Moto, 2014). In the recent research thecstme of a
real unit, moisture from which removes under thgoacof centrifugal force, is simulated by a setcgfindrical
capillaries, which greatly simplifies the solutiof our problem. In our case, the sorbing elementiémngs are
randomly intertwined. Hence the openings betweemttfilled with a liquid during the adsorption pess, are
of not regular geometry. This will require makingge assumptions that simplify the rigour analytsalution
but will lead to greater, than in (Sviatskii et, &015), (Sviatskii et al., 2016) and (Oti Moto,0Z() calculation
error compared with the experimental data.

The paper (Straka, 2014) investigated potentiattiea materials for the removal of heavy metalarfro
contaminated water.

In the most widespread technologies existing todhg, spinneret way is used for fibre creation. This
method manages to get a fibre diameter of apprdei;n®.05 mm, but their weak point is the high proiibn
costs. Patented production method allows to oladilbre diameter of 0,01 - 0,02 mm and thinnerddraction
of the traditional cost (Inotomsk.ru, 2016). Theref the proposed sorbent is composed of fineedibinaving a
very high surface area and, respectively, higheogiiion capacity. He surpasses the existing Russid world
analogues in oil intensities and health.

The proposed highly effective sorbent - a synthBtimus material made on TU-2282-001-49396305-99
from the source of raw materials: goods polypropgle polyethene terephthalate, waste products of
polypropylene and polyethene terephthalate. Thieesdris a fine-fibred such vata mass. Colour fraghtlgrey
to dark grey (colourless raw materials). The budkgty of the sample fibrous materials is betwe@® dnd 174
kg/m at porosity from 81 % to 81.5%.

It is designed for the production of filter matdsiand other products for cleaning of water, aid aoil
from pollution with oil products, heavy metals. Timaterial is recovered, its properties are completsstored
after mechanical pressing, which can be repeated 6 times. Collects amount of pollution, by mapsto 12
times of its weight. Much easier to water and foah its surface. Unlike similar materials can lsediat
temperatures below zero.

Installation for producing fibrous polymeric sorbemntains extruder with a rotating fibre makete sf
deposition of the finished product and a receivdegice that allows you to implement a «melt blowirgdrag
dispersion of polymer melt from a number of polypylene, polycarbonate, polyethylene terephthalate.

The patented production method involves 90% usedatra equipment for processing waste, which results
in a considerably lower cost of production andwaido offer this product to the end consumer atlatively
cheap price. So here is an opportunity to savescastl to preserve competitive advantages. Sorloantde
manufactured in various forms: in the form of rpltaushions, bags, mats and so on, depending on the
characteristics and needs of the customers. Whaeingl sorbent on the contaminated surface watéris oi
absorbed by the structure of the fibres and themsatrts, thus, the buoyancy of the sorbent isdripg.

Adsorbent on base of fibrous polymer materials (\JAMintended for manufacturing of filtering and
absorbing elements for purification of water, callpetroleum products from the surface of waterirsaand
polluted by oil and petroleum areas. As the maltésidydrophobic, it will absorb oil, repelling weat and will
always remain afloat, which is important when ottileg oil from the water area. Adsorbent can beliegms a
constituent element of the boom, able not onlydiwesthe problem of localization of oil spill and products
on water surface, but also prevent their loss dubé absorption capacity of the adsorbent angdissibility of
subsequent separation of hydrocarbons by the metifodnechanical squeezing or centrifugation. The
advantages of this product include low cost, highpson capacity and full utilization when used road
construction without causing damage to the envimmmAdsorbent can also be used as a highly efficie
filtration component in the structure of comple&vides in the systems of circulating water suppiptomsk.ru,
2016).
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The research results will help to deal effectiveith the removal of oil products from water pumgdeain
the mine during mining operations, with industn@hter purification, used in the repair and productbf
mineral resources and the refining of surface waber groundwater when accidents occur, etc.

2. Material and methods

A graphical model of fibrous sorbent units regetieraby the centrifugal method is shown in Figuredl
this stage of our research, the task was to deterthie dependence of the process productivitf separation
of liquid from the fibrous sorbent unit centrifubyain terms of effective radiuR, of centrifuge perforated drum,
the transverse dimension of the sorbent UnitR; - Ry, drum angular speed, the viscosity of the sorbed fluid
n, and capillary diameted..

Perforated drum Fibrous absorbent unit

Fig. 1. Graphical model of regeneration process.

The basic assumption in the problem solution ig the fibrous sorbent unit under regeneration is
considered as a set of cylindrical capillarieserfgthL and diameted,, arranged radially. We also assume that
initially every capillary is completely and unifolyrfilled with liquid.

Considering an elementary liquid column of diameteaind heightl, taken at a distanaefrom the axis of
rotation of the drum, we determine the centrifugate acting on it:

dF, =dmo’r 1)

where massim of an elementary column of liquid is defined as froduct of its volume by the densityof
liquid

dm = 025p,zd?dr . )
Substituting (2) in (1), we have:
dF. = 025p,7d e’rdr . (3)

After integration of the expression (3) in the lisfR, andR, we find centrifugal force acting on the column
of liquid contained in the capillary:

F, =01259,7d w*(R; - R?). 4)
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Under the action of this force, the fluid movetigh the capillary and leaves the drum. Conseqyethé
pressure drop, which affects the expiring of liquidn be determined as the ratio of the force ¢oatfea of a
capillary:

AP = 4F rr’. ()
From expressions (5) and (4) we have:

AP = 05p,0° (R - R?). (6)

With angular speed expressed in terms of the numimeof the drum revolutionsp=2zn, expression (6)
becomes:

AP = 22°n2p (R2 — R?). @)

The volume of liquid of viscosity, squeezing through a capillary of lendth- R,-R; and the radiusc =
do/2 during timet under the action of pressure dmdp, is determined by the Poiseuille’s formula:

_ mrlAPt
V=—¢S—+HWo.
81(R, - R’)

Note that the validity of the use of formula (8)time considering case of expiry of liquid throudye t
capillary may require further discussion. The fiacthat as the liquid outflow from the capillarpetcentrifugal
force acting on the liquid remaining in the capilladecreases, and therefore the pressure df®pn the
numerator of the formula (8) in reality is not ctamg but decreases from the maximum val&eto zero. Placed
in the denominator of formula (8), the capillarpdgh L also is not constant - it decreases as the ligypdres,
from the maximum value df = R, - R; to zero. However, laws of change of these valuesldferent, although
they have similar limits. Therefore, the validitfitbe formula (8) will be considered as conditidparoven.

If we assume that a capillary is completely fillidh liquid before the centrifugation process, tridume
of the liquid is:

(8)

V =t (R2 - R?). 9)

Equating the right-hand sides of the expressiohsufd (9), we obtain a formula for the determinatibe
full-time t of the expiry of liquid through the capillary, vehi can be regarded as duration of a liquid separati
process from the fibrous sorbent units:

_81(R,-R)’
t=—————. 10
24P (10)
From expressions (10) and (7) we have:
___ 4R -R)
= ) 11
PR R ) o

The effective capillary radius in formula (11) depends on the average dianttef an elementary fibre
of which the fibrous sorbent is composed, and terdeined by the use of previously obtained expenialedata
of Table 1.
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Tab. 1. The dependence of the radiusf the capillary cells from the fibre diameter d

Test di, diameter of My, mass of m, mass of fibre [kg] | Ks sorption coefficient re, effective capillary
number fibre [m] collected oil [kg] (determined radius [m]
experimentally)

1 0.000010 0.0723 0.00270 26.78 0.000034
2 0.000030 0.093 0.00301 31.23 0.00011
3 0.000051 0.10138 0.00262 38.7 0.00021
4 0.000130 0.03671 0.00429 8.56 0.00025

ProductivityG of the centrifugal process of separation of ligiu@m the fibrous sorbent units is determined
by the formula:

Gz sep (12)

where Kq= 0.9 - 0.95 — determined experimentally separd@aator, which indicates what part of the liquid is
separated from the fibrous sorbent units in thegse of centrifugationy, - the volume of liquid separated from
the fibrous sorbent units during centrifugation jethdepends on the sorption coefficiéqat

m = Kgm; o Vip =KVpy, (13)

wherep; =10 - 30 kg/m — density of fibrous sorbent uni= zH(R,-R,)* — volume of fibrous sorbent unit,
placed in the centrifuge drum of heidt
From (13) we have:

V, =KaH(R, —R)’p; Ip, . (14)

Substituting values fol, (14) andt (11) in (12), after simplifications we obtain arfwla for the
productivity G (m®. s%) of the centrifugal process of separation of kijfiom the fibrous sorbent units with
specified characteristics:

G — nsKsKsepH(Rz + R.)zpfnzrc2 .
4n

(15)

3. Results and discussion

Analysing the formula (15), we note that the prdoiity of the oil separation from the fibrous sonbenits
depends on the dynamic viscosityof the oil, which can vary from 2 to 8 mPa.s, depeg on the field and
temperature. Apparently, the productivity of theogass significantly increases with increasing thierage
diameter of the elementary fibres forming the fim@orbent units. A significant increase in progessluctivity
can be achieved by increasing the radius and angpéed of the perforated drum of a centrifuge r@aldicing
the transverse dimensions of the fibre sorbensunit

It was made an experimental stand of centrifugpbsstion plant for oil products from fibrous sorben
material to verify the results of the above simolat Due to the fact that the experimental studythe
separation of oil liquids from fibrous sorbent migtkis made in the laboratory at room temperausmg a
small sample of sorbent articles has been simglifexperimental stand construction. Perforated drum
experimental stand is cylindrical - shaped withoells to accommodate large items in the form ofnclyical
booms and without nozzle arrangements for the supfpsteam or hot air. This simplified experimerdaksign
of the stand will perform an experimental verificatof the results of mathematical modelling of tirecess of
separation of oil liquids from fibrous sorbent mrak with minimal cost and without compromising the
reliability of the results (Straka, 2014).

The base unit of experimental stand centrifugalasson plant for oil products from fibrous sorbent
material used a household centrifugal juicer. Digviest bench and its general form are shown iarEig.

Experimental stand centrifugal separation planoibliquids from fibrous sorbent products includgastic
housing 1 with quick cover 2. The housing 1 is pthan electric motor 6 on the shaft 5 which isdligifixed
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perforated drum 5. Quick release cover 2 is fix@the guard member 7 Tray draininche kit also includes a
stand for collecting liquid container 8, which istishown in general for

View of test bench top and bottom, with the remopegtecting elements, are shown in Figure 2. At
bottom of the experimental stand has three-aligning bearings, made of rubber, which are intendduhtid the
transmission of vibrations from the operating stahthe surrounding devices and equipment. Fixingasing
member 7 is provided on the housing 1 by meanhkrektguide members shown in Fre 2 right. Securing the
enclosing member 7 on the housing 1 is made bypgeki bracke

e 1

Fig. 3. The perforated drum.

The main element of thexperimental stand is a cylindrical centrifugaltéhied perforated drum, a secti
of which the general form shown in Figure- 5. The perforated drum is made of lightweight aluionin alloy
and has an outer diameter 150 mm and height 65 Then.cylindical surface drum has 5887 holes of 1 |
diameter with a pitch of 2 mm. The internal cawifythe drum was 1000 ¢. The perforated drum was balan
to reduce vibration during its rotatis
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Fig. 5. General view of the perforated drum asdgmemoved from the experimental stand cover.

Experimental stand centrifugal installation worlssfallows. Saturated liquid petroleum product a glem
fibrous sorbent that is placed through a hole nttp cover of the stand into the inner cavityha perforated
drum. The drum is rotationally driven. Under th&uance of centrifugal forces of the moving liqudtroleum
sample fibrous sorbent on the peripheral surfacth@fdrum and the through-holes on the surfacareméng
into the inner cavity enclosing element and furthietto the receptacle.

During the debugging of experimental stand, it veasd that perforated drum acceleration periodoughé
steady rotational speed 800 rpm is 3 - 6 secorgfgertling on the volume of the loaded sorbent thdileious
specimen. It is found that efficient loading voluprrforated drum is 50 - 150 &ma decrease of load leads to
an increase in estimation error squeezing ratio emagnification - to substantially stand vibrationoridg
operation due to the violation of the stand balagénduced increase unbalanced mass of the saagpihown
in Figure 6.
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Fig. 6. A typical violation of the perforated drum balamg:

4. Conclusion

The problem ofdetermining the dependence of performance liquhisgion process from the fibro
sorbent articles, operating radius perforated dege drum, the transverse dimension of the sorletitles
angular drum speed, viscosity sorbed liquid and ribmina diameter of the capillary was solved by
mathematical modeling process of separating oihftbe fibrous sorbent articles by the centrifugatimod. It is
found that the productivity of the process sigmifily increases with increasing the averaiameter of the
filaments forming the fibrous sorbent article, aado with increasing radius and frequency of rotatf the
perforated basket centrifuge and reducing the wemss dimension of the fibrous sorbent producte Uise o
this method will hcrease the efficiency of combating oil polluti@m the mining industr
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