UDC 502.55:665.6

E.S.Mustafin, .M.Pudov, A.K.Aitymov

Ye.A.Buketov Karaganda State University
(E-mail: edigemus@mail.ru)

Analysis of the effectiveness of dispersant for oil spills

The acceptability and effectiveness in some situations, the practical application of dispersants for oil spill at
sea is now well recognized and recorded in official documents in many countries and international
organizations. To evaluate the quality offered to control the oil spills dispersants in our laboratory studies
were conducted using the recommended techniques. Studies have been conducted on the impact of the
proposed dispersant Kashagan oil in sea water of the Caspian Sea. On the basis of research has been done
evaluating the effectiveness of dispersants at 5 °C, 25 °C and is given recommendation for their use.
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Oil and petroleum products are a significant reasons of environmental pollution, particularly water of
oceans and seas [1]. Contact with petroleum hydrocarbons in the marine environment has a negative impact
on almost all of its components, including fisheries, phyto-and zooplankton, algae, benthos, marine mam-
mals and birds [2, 3].

One of the most important means for the elimination of accident consequences are dispersants which
are designed to dissipate (emulsification) floating oil slicks in a large volume of water in the form of crushed
oil droplets. When this is achieved by lowering the concentration of oil in the vicinity of the spill, enhanced
biodegradation processes of pollution of the marine environment is restored interaction with the atmosphere,
reduced fire hazard spill, preventing the possibility of contamination of the coastal strip, emersion of «choco-
late mousse» [4, 5].

In connection with the prospects of oil production.in the Kazakhstan sector of the Caspian Sea (KSCS),
the question arises about analysis opportunities and.the efficient use of different dispersants for oil spills [6].

The purpose of this study was to evaluate the effectiveness of a number of dispersants towards the
Kashagan oil using artificial sea water of different salinity at different ambient temperatures. In the experi-
ments were used Kashagan oil, artificial seawater (salinity 0, 6, 12, 18, 35 %o), dispersants of various manu-
facturers: Corexit EU 9500, Dasic Slickgone, Inipol IP- 90, Inipol IPF, FLD-1, FLD-2, Bioversal HC (Ta-
ble 1).

Table 1

Several dispersants accepted for use in oil spills

Dispersant Approved for use in the following countries:
Corexit EU 9500 France (for use at sea), UK, USA

Inipol IP-90 France (for use at sea)

Inipol TPF France (for use in freshwater)

Dasic Slickgone NS |France (for use at sea), the UK, Cyprus, Norway
Bioversal HC Italy, Spain

Qil spills on water natural weathering processes occur light petroleum oil fractions, so test the effect of
dispersants in the model is carried out under reduced crude.

Topped oil fraction was obtained at atmospheric pressure by ST RK ISO 3405-2008. Crude and topped
oil tested for viscosity and density to determine the suitability of dispersants at the temperature 5-25 °C.
Kinematic viscosity of crude and topped oil measured capillary viscometer IWF-2. Density was determined
by areometers.

Kinematic viscosity of Kashagan oil — 11,6 mm?/s*, density — 0,846 g/cm’.

Topped oil at 250 °C oil is too high in viscosity and is not suitable for further work. Oil topped in a
temperature range up to 220 °C at ambient temperature of 5 °C solidifies and becomes uncomfortable for the
study. Thus, the test proved to be suitable oil, topped at 200 °C (Table 2).

Conducted to determine the effectiveness of dispersants according to the procedure adopted in the UK
as the standard for analysis of dispersants, WSL 448 LR [7].
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Table 2
Kinematic viscosity and density of reduced crude

Distillation Measurement . 3 . . 2 2
Ne temperature, °C | temperature, °C Density, g/cm” | Viscosity, mm®/s
1 200 20 0,862 12,1
2 220 20 0,870 16
3 250 20 1,014 559.,9
4 200 5 0,870 15,4
5 220 5 0,880 Not measured

Efficiency index dispersant defined as the mass fraction of the oil were tested, which is dispersed as fi-
ne droplets in the aqueous phase at the test conditions.

The concentration of oil in water was measured by an extraction-photometric method: oil dispersed in
the aqueous phase was extracted with chloroform, and then the optical density of the oil chleroform solutions
at 580 nm. For operation was used the spectrophotometer UV-1800, a light absorbing layer length — 10 mm.
Oil concentration was determined using the calibration curve — dependence of the optical absorption of the
oil concentration of the solution in chloroform (Fig. 1).
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Figure 1. Calibration graph of optical density the concentration of the oil in chloroform (oil, topped at 200 °C)
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Figure 2. Effectiveness of dispersants at 25 °C, salinity 16 %o

Thus, for selected conditions, in particular at a temperature of 25 °C and salinity 16 %o dispersant is
most effective mark Inipol IPF, followed dispersants Corexit 9500, Inipol IP-90. FLD-1, Dasic Slickgone
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NS, FLD-2 and Bioversal HC dispersants are weakly dispersing agents for the Kashagan oil under these con-
ditions (Fig. 2).
Effectiveness of dispersants is strongly dependent on the ambient temperature (Fig. 3, 4).

0-35 %o (Table 3).
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Figure 3. Effectiveness of dispersants at 5 °C
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Figure 4. Dependence of the efficiency of dispersants by temperature

The effectiveness of dispersants increases with increasing temperature, while the differences in the effi-
ciency of dispersants are.stored — the most effective dispersant Inipol IPF, hereinafter — Inipol IP-90,
FLD-1, and least effective dispersants — FLD-2, Bioversal HC.
Dispersants are manufactured primarily for use in ocean waters with an average salinity of 35 %o. Salin-
ity of the Caspian Sea below the ocean, especially in the KSCS which varies in the range 6—16 %o. Therefore,
we conducted research on the effectiveness of dispersants for different values of salinity in the range of
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Table 3
Comparison of the dispersants effectiveness at different salinities (25 °C)
Dispersants
Salinity, %o . . . . Dasic Without
Inipol IPF Inipol IP90 | Corexit9500 | Bioversal HC Slickgone NS | dispersant
0 18,23 17,31 18,92 5,34 9,94 3,87
6 38,49 33,88 44,93 10,86 18,23 8,7
12 60,58 42,17 51,38 20,07 30,20 6,28
16 (sea water, Aktau) 68,77 48,85 65,37 11,02 36,66 7,35
35 55,06 41,25 95,57 9,02 86,36 3,87
59
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Figure 5. The dependence of the efficiency of dispersants depending on the salinity of the water

As can be seen, salinity of water influences different to the effectiveness of dispersants. Most effective
in saltwater ocean with corresponding 35 %o are Corexit: 9500 and Dasic Slickgone NS. However, their effec-
tiveness at a salinity of the Caspian Sea (from 6 to 16 %o) is significantly reduced, while Corexit 9500 is one
of the preferred dispersants and Dasic Slickgone NS'sharply reduces its effectiveness with 86,36 to 36,66 %.

The most effective at salinity ofthe Caspian Sea (from 6 to 16 %o) can be considered Inipol IPF and
Corexit 9500. Inipol IP-90 is less effective than the above Inipol IPF and Corexit 9500. Dasic Slickgone NS,
Bioversal HC and FLD-1, FLD-2 for'the Caspian Sea are unacceptable due to low efficiency values (Fig. 5).

Conclusions

1. Effectiveness of dispersants.

At a temperature of 25 °C and 16 %o salinity is the most effective dispersant brand Inipol IPF, whose ef-
ficiency is 77,84 %, followed by dispersing Inipol IP-90 — 55,10 % and FLD-1 — 45,01 %. Dispersants
FLD-2 — 27,03 % and Bioversal HC — 20,77 % are weakly dispersing agents for the Kashagan oil under
these conditions. It should be noted that in the absence of dispersants, natural conditions give 14,62 % of the
dispersion at 25°C.

Thus, in the case of Kashagan oil spills possible to use dispersants discussed the following reagents:
Inipol IPF, Corexit 9500 and Inipol IP-90.

2. Temperature influence.

The effectiveness of dispersants decreases with decreasing temperature. However, the sequence number
of reagents for dispersing activity is fully preserved. So, at 5°C the best dispersant properties against
Kashagan oil dispersant showed brand Inipol IPF, whose efficiency is 56,19 % and dispersant Inipol
IP-90 — 44,84 %. Dispersants FLD-1 — 32,11 % and FLD-2 — 12,39 % are weakly dispersing agents for
the Kashagan oil under these conditions. Dispersant Bioversal HC 9,63 % with efficiency at a temperature of
5 °C practically no effect, as dispersing natural conditions at this temperature give 8,60 % of the dispersion.

3. Effect of salinity.

Reducing salinity of the water in tests reduces the efficiency of dispersants. Most effective in saltwater
corresponding to ocean water with 35 %o are Corexit 9500 and Dasic Slickgone NS, with salt water from 6 to
16 %o the most effective are Inipol IPF and Corexit 9500.
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E.C.Mycradpun, U.M.ITynos, A.K.AiTeiMOB

MyHaii Terijirenieri KOJJIaHbLIATBHIH U CIIEPreHTTEP
THIMILTINHIH capanTaMacel

Kasipri ke3zae TeHi3meri MyHaii Teriny caigapblH XOI0 YIIiH OipKaTap »araaiia JUCICPTeHTTepIl ic XKY3iHae
KOJIJaHy KOITEreH eNepAe KOHC XalbIKapalblK YHbIMIAp[a -KeH KeJeMIE TaHBUIFaH JKOHE pPEecMH
KyxKarrapja OekiTinreH. MyHail Teriy caniapbIMeH Kypecy YLIiH YCHIHBUIBI OTHIPFaH JIHCIEPIeHTTEPAIH
caracelH Oaranay OapbICBIHIA Oi3/iH 3epTXaHaja KEHEC ETUINCH OMICTeMENICp/iH KOMETiMEH 3epTTeyiep
KYprisinmi. ArtanMernn gucrneprentrepain Kacnmii TeHisimig cybinga Kamaran MyHall KeH OpPHBIHBIH
MyHaliblHa ocepi aHbIKTayFaH. JKyprizinren 3eprreyniep HotwkeciHge 5°C, 25°C Temmeparypanapia
JHCTIEPIeHTTepAl KOJIaHy THIMALTMH OaFamay >Kyprisiiai oHe ojapipl KojijiaHy OOMbIHIIA KeHecTep
Oepinmi.

E.C.Mycradun, U.M.ITynos, A.K.AiiTeiMOB

AHaan3 3(pPeKTHBHOCTH TUCTIEPTEHTOB
JJIs1 IPUMEHCHUsI TIpH pa3juBax HegTH

ITpuemnemocts 1 3¢ (HEeKTUBHOCTD B psiie CHUTYalUi MPAaKTHIECKOTO IPHMEHEHHUS AUCTICPTEHTOB VIS JINKBH-
Januu HeTSAHBIX Pa3yIMBOB B MOPE B HACTOsIIEe BpeMs OOLIENPU3HAHbI U 3aQUKCHPOBAHbI B OQULIHAIBHBIX
JIOKyMEHTaX BO MHOTHX CTpaHaX M MEXAyHapOJHBIX OpraHm3anusx. JlIs OIeHKH KadyecTBa MpeIaraeMbIX
Ju1st 6opeOBI ¢ pa3auBaMK He(hTH ANCIEPreHTOB Hallel 1abopaTopyuell NPOBOAMINCH HCCIIENOBAHUS C TIOMO-
MIBI0 PEKOMEHJIOBAHHBIX METOAMK. Bl MPOBEIEHBI UCCIEA0BAHMS BIMSHHS MPEATaraeMbIX AUCTIEPTEHTOB
Ha He(Th Kamaranckoro MecTopox/eHus B Mopckoii Boge Kacruiickoro mopsi. Ha ocHoBaHMM TPOBEAEHHBIX
HCCIe0BaHUN OblIa clenaHa oreHKa 3()()eKTUBHOCTH JIUCHEPreHToB mpu Temneparypax 5 °C, 20 °C u nana
peKoMeHJalKs 10 UX HPUMEHEHHUIO.
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Ceenenus 00 aBTopax

Mycrapun Eaure CyMHAMKOBMY — PYKOBOJWTENH HCIBITATCIHHONH J1a00paTopuul WHXCHEPHOTO
npoduit «OU3NKO-XMMUYECKUE METOMIBI UCCIICIOBAHU» JTOKTOP XUMHUSCKUX Hayk, rnpodeccop, Kaparan-
IWHCKHUI TOCyIapCTBEHHBIM YHUBEPCUTET NMEHHU akaneMuka E.A.bykeTosa.

ynos Uropr MuxaiJioBU4 — CIICHUAINCT UCIBITATSIILHON JTa00OPaTOPHH HHXKEHEPHOTO MPOQUIIS
«DU3MKO-XUMHUECKHE METOJbl UCCIENOBaHUs, KaparaHIuHCKUM rocyJapCTBEHHBIH YHUBEPCUTET UMEHU
akanemuka E.A.byketoBa.

AiiTeiMOB Aiinoc KynaiiGepreHoBHY — WHXEHEP HUCIBITATEIIHHON JTa00paTOpHH WHKEHEPHOT'O, ITPO-
¢unst «DU3MKO-XMMUYECKUE METOJNbI HCCIIC0BaHUsD», KaparaHAWMHCKUIA TOCYJapCTBEHHBI YHUBEPCHTET
nMeHu akanemuka E.A . byketosa.
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