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Analysis of oil sludge and selection of solvents
for the extraction method of petroleum products recovery

Analysis of oil sludge formed in a storage tank for straight-run fuel oil of «Pavlodar Oil Chemistry Refinery»
LLP was carried out in this work. Content of water, oil products and mechanical impurities was 12.4 %,
17.6 % and 70 %, respectively. A sample of oil separated from the sludge was analyzed for the content of sil-
ica gel resins, paraffins and asphaltenes, and their group composition was studied using the IR spectrometry
method. It was revealed that the oil sludge stabilizers belonged to the paraffin type. TG/DSC analysis was
used to obtain information on the initial and final temperature of the thermal decomposition of the oil sludge.
It was shown that oil products are completely burned to a temperature of 600 °C. This temperature was used
for calcining oil sludge. The phase composition of mechanical impurities isolated from the oil sludge was de-
termined by X-ray diffraction analysis. According to the data obtained from X-ray diffraction analysis, main
constituents of the mineral part of the oil sludge were quartz sand (63.1 %) and albite (16.5 %). The most op-
timal mixture of solvents (white spirit: hexane) for extracting petroleum products from the oil sludge was ob-
tained using the extraction method.

Keywords: oil sludge, mechanical impurities, solvent, extraction, paraffins, resins, asphaltenes, TG/DSC
analysis.

Introduction

Oil sludge is a complex physico-chemical mixture consisting of water, oil products and mechanical im-
purities (clay, sand, metal oxides). These components are well mixed and stabilized. The oil phase primarily
consists of saturated and aromatic hydrocarbons, asphaltenes and resins [1-4]. A significant amount of oil
sludge is produced by the oil industry during production, transportation, storage and refinery. In oil refiner-
ies, sludge is formed during processes of fluid catalytic cracking, visbreaking, air flotation and wastewater
treatment. Oil sludge accumulates in sedimentation tanks and at the bottom of storage tanks, occupying a
working volume [3, 5-7]. Storage of oil sludge causes complex environmental problems, while the oil part of
it is a valuable organic raw material. As a result of utilization it is possible to obtain such commodity prod-
ucts as hydrocarbon gas, commercial fuel components, lubricants, bitumen etc., as well as recycling products
such as uncultivated soil, ash, soot, gaseous components.

Several methods of processing oil sludges are known with the aim of reducing toxicity, minimizing the
volume of oil sludge and extracting petroleum products. Flotation, pyrolysis, combustion, biodegradation,
freezing/thawing, ultrasonic treatment, electrical processing, microwave radiation and solvent extraction are
among them [3, 4]. Their effectiveness depends on the properties of specific oil sludge such as macrostruc-
ture and chemical composition [8]. However, most of the methods are expensive, requiring a long time and
even causing secondary pollution of the environment [6]. Based on the analysis of literature data extraction
of sludge by a solvent is the most effective method of extracting petroleum among the listed methods, which
is characterized by low energy costs [7]. In connection with the foregoing the authors of this paper had aim
to analyze the oil sludge and offer the most effective solvent or solvent system for recovering petroleum
products by the extraction method based on the data obtained. A sample of oil sludge taken from the storage
tank of straight-run heavy fuel oil of «Pavlodar Oil Chemistry Refinery» LLP was selected as a research ob-
ject of this work.

Experimental

The composition of the sludge was determined by the gravimetric method. A sample of oil sludge
(10 g) was dried to constant mass in a thermal oven at 105 °C. The weight loss of the sample was corre-
sponded to the water content of the sludge. The water content determined by the described method corre-
sponds to the water content obtained by the Dean-Stark Method (State standard 2477—-65). The content of
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petroleum products in the sludge was calculated from the weight loss of the sludge sample subjected to heat
treatment in a muffle furnace at 600 °C. A sample of oil extracted from the sludge was analyzed for the con-
tent of silica gels (State standard 11858-66), paraffins (State standard 11851-85), resins and asphaltenes
(State standard 11858-66%*).

Results and discussion

It was noted that oil from the sludge is characterized by a relatively large content of silica gel resins (R)
and paraffins (P) 4.67 wt. % and 6.88 wt. % respectively. The content of asphaltenes (A) 1.98 wt. %. It is
known that, depending on the ratio (R + A) / P, oil sludge stabilizers can be subdivided into the following
types, namely, asphaltene ((R + A) / P > 1.0); paraffin (R + A) / P < 1.0); mixed (R + A) / P = 1.0). The
stabilizers of the sludge investigated were assigned to the paraffin type based on the data obtained.

The group composition of isolated paraffins, resins and asphaltenes were studied by IR spectroscopy at
20 °C on a Cary 660 FT-IR spectrometer (Fig. 1). From the IR spectrum of paraffin (Fig. 1a) it can be seen
that its composition contains an intense set of absorption bands in the 2920 and 2852 cm™ region that
corresponds to stretching vibrations of C—H bonds of methyl and methylene groups. The absorption bands in
the 1464 cm ' region are due to bending vibrations of -CH, and —CH; groups. The absorption band in the
region of 1271 cm ' indicates the presence of unbranched paraffin chains [9]. It follows from Figure 1 that
the resin is characterized by a high content of C—H bonds of saturated hydrocarbons in the regions of the
absorption bands 1377, 1459, 2861, 2922 cm ', The absorption bands in the IR spectra of 1018 and
1704 cm™ indicate the presence in the samples of both aromatic structures and carbonyl groups. Asymmetric
and symmetrical oscillations of ~CH; and —CH, groups at 2926, 2857 cm ' are observed in the spectrum of
asphaltenes (Fig. 1¢). The absorption bands around 1700 cm™ are due to the presence of carbonyl groups.
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Figure 1. FT-IR spectra of components of oil sludge

Figure 2 presents photographs of samples of oil sludge before and after calcination. Figure 2a shows
that oil sludge is a mass of black color. The sample acquired a ginger color and became crumbly after calci-
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nation at 600 °C (Fig. 2b). Thus, it can be concluded that all petroleum products are oxidized and burned dur-
ing calcination at temperature of 600 °C.

a
a — a sample of the original oil sludge; 5 — a sample of oil sludge after calcination at 600 °C
Figure 2. Photographs of oil sludge before and after calcination

Oil sludge investigated was analyzed on TG/DSC to obtain information on the initial and final tempera-
ture of thermal decomposition. The studies were performed on a differential scanning calorimeter DSC 131
evo from Setaram at a temperature range from 25 °C to 900 °C. The scanning was performed at a velocity of
20 °C/min. The results of the analysis are shown in Figure 3.
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Figure 3. Thermogram of the oil sludge

Several stages of mass loss can be observed from the curves of TG and DSC of oil sludge shown in
Figure 3 at temperatures below 160 °C, the mass loss on the TG curves corresponds to the evaporation of
moisture and light components whose boiling points are below 160 °C [6]. The thermogram shows the boil-
ing range of the aqueous phase at a temperature of 94.6 °C. The mass loss during the evaporation of light-
boiling components was 10.69 %. The largest loss of mass (17.88 %) is observed at temperatures from
158.3 °C to 578 °C. The exothermic peak (280-578 °C) with a maximum at 450 °C, according to the litera-
ture [9], refers to the oxidative cracking of hydrocarbons. The loss of mass observed above 600 °C is deter-
mined by the thermal decomposition of some inorganic mineral substances [10]. Using this method of re-
search, it was shown that oil products are completely burned to a temperature of 600 °C. Thus, the calcina-
tion temperature was found to determine the content of petroleum products in the oil sludge.
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Determination of the phase composition of mechanical impurities isolated from oil sludge calcined at
600 °C for 1 hour of oil sludge was carried out by X-ray diffraction analysis using a D8 Advance X-ray
diffractometer (Bruker).
Table 1
Results of X-ray phase analysis of mechanical impurities of oil sludge

Name Formula Content, %
Silicon oxide SiO, 63.1
Albite NaAl(Si;0g) 16.5
Orthoclase KAI(Si30g) 6.9
Magnetite FeO-Fe, 05 6.4
Muscovite KAI(Si3A104,)(OH), 4.1
Kaolinite Al,0532 (Si0,) 2 H,O 2.9

According to the data obtained (Table 1), the main constituents of the mineral part of the oil sludge are
quartz sand (63.1 %) and albite (16.5 %), silicates (6.9 %), magnetite (6.4 %), muscovite (4.1 %), kaolin
(2.9 %). The mineral part of the oil sludge investigated, according to the results of the study, is suitable for
use as components of building materials.

Thus, on the basis of a complex analysis of oil sludge, it was determined that the water content in the oil
sludge under investigation was 12.4 wt.%, the content of oil products was 17.6 wt.% and mechanical impuri-
ties was 70 wt.%. As it is known from the literature [3] oil recovery is the most preferred option for the pro-
cessing of oil sludge, it is noted that it is economically feasible to process sludge containing more than
10 mass% of oil. Extraction-gravimetric method for oil sludge was used to select solvents that have an opti-
mal ratio of dissolving power and the ability to break conglomerates of sparingly soluble components into
small fragments.

Table 2

Results of experiments on the selection of solvents by extraction-gravimetric method
at the boiling point of solvents

Solvent/mixture Solvent ratio, Extraction rate
of solvents vol.% of oil products, %
Petroleum ether 100 63.13
White Spirit 100 71.02
Benzene 100 74.60
Petrol 100 82.95
Hexane 100 89.60
Thinner 646 100 96.99
Gasoline: hexene 95:5 88.30
Hexane : hexene 95:5 92.05
White spirit : hexene 95:5 97.44

According to the results obtained (Table 2), the most effective solution for dissolving the sludge is a
mixture of solvents such as white spirit with hexene, the degree of recovery of petroleum products with this
mixture was 97.44 % while in white spirit, which is a mixture of liquid aliphatic and aromatic hydrocarbons
the recovery rate does not exceed 71 %. Good results were obtained using a solvent 646, in which toluene,
butyl acetate, acetone, butanol, ethyl alcohol are present. The recovery rate of oil products was 96.99 %. Pe-
troleum ether was the least effective solvent as it is a mixture of light aliphatic hydrocarbons; the content of
dissolved petroleum products in it was 63.13 %. It can be noted that an increase in the efficiency of solvents
is observed when an unsaturated hydrocarbon (hexene) is added to them.

A series of experiments were carried out to select the optimal ratio of hydrocarbons in white spirit:
hexene mixture in order to extract oil products from oil sludge efficiently. Mass ratio of oil sludge : solvent
was held at 1:4 and the dissolution time was 1 hour. The maximum yield of petroleum products 17.15 % by
weight was observed at a volume ratio of white spirit : hexene 95:5. In this connection, for a given ratio of a
mixture of hydrocarbons, studies were carried out on the selection of the oil sludge: solvent optimal ratio.
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The data indicate that for the oil sludge and solvent mixture of white spirit : hexene (95:5) the ratio 1:4 is
optimal.

Conclusions

Thus, an analysis of oil sludge from a storage tank for straight-run fuel oil was carried out. According to
the TG/DSC analysis, it was found that water evaporation occurred at 94.6 °C, mass loss in the 158.1—
578.3 °C region corresponds to the combustion of organic substances, and at a higher temperature, some in-
organic mineral compounds are expected to decompose. It is established that the mineral part of the oil
sludge was mainly represented by quartz. The most optimal mixture of solvents for extracting petroleum
products from oil sludge was extracted using the extraction method. The best results were obtained by using
a mixture of white spirit : hexene in a weight ratio of 95:5, the ratio of oil sludge : solvent 1:4. At this ratio,
the recovery of oil from the sludge was almost 98 %.
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E.C. ITanosa, E.A. HcabaeB, M.T. Balirasues,
I".". boiiko, H.I1. JIro6uenxo, P.I'. Capmyp3una

MyHaii eHiMAepiH IKCTPAKIUSIBIK dicieH 0eJ1in any ymiH MyYHal HIJIaMbIH
TaJl1ay ’K9He epiTKilTepAi Tanaay

Makanana «IlaBnomap myHaii-xumus 3aybeITel» JKIIC Ma3yTTel cakray pe3epByapblHaH ajbIHFAH MYHal
nuIaMblHa Tangay xyprisiini. Cy, MyHail eHiMIepl MEH MEXaHUKAJIBIK KOCTIAJIAp/ABIH MOJIIIepl ColKeciHIe
12,4 %, 17,6 % xone 70 % xypansl. lllmamuan OemiHII anblHFaH MYHAHIBIH ChIHAMAchl KypaMbIHIa
CHJIMKArelslb IaibIpiIapsl, mapaguHaep jkoHE acGalbTeHAEP MOJIIIEpiH aHBIKTAy YINiH TaJJaHIbl, COHBIMEH
KaTap oOJapAblH TONTHIK Kypamel MK crekrpoMeTpwsicsl apKbUIbl 3epTTenii. MyHai-IITaMbIHEIH
TYPaKTaHABIPFbIITAPbl NapaduHAI TYPiHE >KATATHIHABIFBI AHBIKTAAbl. MyHal NIIaMBIHBIH TEPMHUSIIBIK
BIIBIPAYBIHBIH OacTankbl KOHE COHFBI TeMIlepaTypaiapbl jkainbl akmapar any yuwid TI/JCK Tamngayst
naipanaseiael. MyHait eHimzepi 600 °C TemmepaTypaga TOJBIFBIMEH JKAaHBII KETETIHIIN Oailkasgsl.
CoHABIKTaH aTalfaH TeMmIepaTypa MyHail NUIaMblH KYHOipy YuriH naidpanaHeuinsl. MyHail [iTaMbIHaH
OeJIiHIN anbIHFAaH MEXaHWKAaIBIK KocnaltapiblH (asanslk Kypamsl D8 Advance (Bruker) penrtren-¢asainbix
Iu(dpaKkTOMeTpi KOMETiMeH PeHTIeH-(ha3anblK Tajlgay dAiCiMeH aHBIKTAIAbL. AJBIHFAH MoJIiMeTTep OOHBIHIIA,
kBapI KymeI (63,1 %) sxone ansout (16,5 %) MyHall IUIAMBIHBIH MUHEPAIABI OOJITiHIH HETi3ri KypayIIbIChl
0O0JIBIN TaOBUIATHIHABIFEI KOpceTiai. MyHall MITaMbIHAH SKCTPAKIMs 9iciMEH MyHall eHiMJepiH Oexin axy
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YILIIH epiTKilITep/iH eH OHTAMIBl Kocmachl TaHAanAbl. EH »aKChl HOTMKE YaWT-CIUPUT : TeKCEH KOCIAChl
APKBLIBI AJIBIH/IBL.

Kinm ce3dep: MyHaill LIIaMbl, MEXaHHMKAIBIK KOCIAnap, epiTKill, sKcTpakuus, napaduHaep, Laifbipriap,
acamsrennep, TI'/ACK Tannay.

E.C. ITanosa, E.A. HcabaeB, M.T. Balirasues,
I'.". boiiko, H.II. JIro6uenxo, P.I'. Capmyp3una

AHaJIN3 He(PTAHOIO HIJIaMa U OA00p pacTBopuUTeei
JJISl IKCTPAKIMOHHOI0 METO0/1a U3BJIeYeHHs HeQTenpPOIyKTOB

B crarse nposenen anamu3 HedrsHoro nutama TOO «ITHX3», otoOpaHHOrO M3 pe3epByapa XpaHEHHs IIpsi-
MoroHHOro MasyTa. CojepkaHue BOZBI, HE(TENPOAYKTOB M MEXaHHIECKHX Hpumecell cocraBmio 12,4 %,
17,6 % u 70 % cootBercTBeHHO. O0paszen He(TH, BBIICICHHBIA U3 IIIaMa, ObUT MPOAHAIM3UPOBAH HA CO-
JiepKaHUe CHJIMKAreJIeBbIX CMOJI, MapaMHOB U ac(hajJbTeHOB, a TaKXKe OBUI H3y4YEeH X TPYIIIOBOI COCTaB C
nomouibio Merona MK-crnektpomerpun. BeisBieHo, 4To cTrabunuzatopsl HeTeniaMa OTHOCATCS K mapadu-
HoBoMy THIy. 1 nosy4yeHus nHGOpPMALMK O HauyaJbHOM W KOHEYHOI TeMIepaTypax TepMHUYECKOrO pasiio-
JKeHHs uccaeayeMoro Hedrenuiama 6su1 ucnoan3oBan TT//ICK ananus. Beuio nokasano, 4to HeTenpomyk-
THI TIOJIHOCTBIO cropatoT a0 Temmeparypsl 600 °C. [lanHas TeMneparypa UCIOIb3yeTCs Al NpOBEeAeHUs 00-
xwura Herenmiama. OmnpeneneH (Ga3oBEIl cocTaB MEXaHHMUYECKUX IPHMECEH, BBIICICHHBIX U3 He(Telama,
METOJIOM PeHTreHO0(a30BOr0 aHAIM3a Ha peHTreHogasoBoM mudpakromerpe D8 Advance (Bruker). ITo mo-
JIy9eHHBIM JIAHHBIM BBISIBIIEHO, YTO OCHOBHBIMH COCTAaBJISIOIIMMH MUHEPAIBHOH YacTH He(Telriama sBis-
I0TCS KBapIeBslil necok (63,1 %) n ansbur (16,5 %). beura monobpana Hanbosnee oNTUMaNbHas CMeCh pac-
TBOpUTENEil 11 M3BIeUeHUs HeTenpoayKTOB M3 HedTelulaMa SKCTPAKIMOHHBIM MeTonoM. Jlyumme pe-
3yJbTaThl OBLIN MOTYYEHBI MPU MPUMEHEHUN CMECH YalT-CITUPHT : TEKCEH.

Knoueevie cnosa: HedTSIHON 1I1aM, MEXaHUYECKUE TIPUMECH, PACTBOPHUTENb, SKCTPAKLHS, napaduHbl, CMO-
ab1, achansrensl, TI/JJCK ananus.
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