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CeroaHs Bce 60nbluyto aKTyanbHOCTb ANA 3aBOAOB MacnsHoro npodunsi npuoGpeTatoT Npo6remMbl NPOM3BOACTBA Macers C HU3KUM
copepXxaHueM cephbl, NPOM3BOAUMbIX paHee U3 creunanbHO NoA06PaHHbLIX HedTel.
ManocepHucTble Macna no TpaauLMOHHOMN TEXHOMOIMU BO3MOXHO MOMYYUTb fMLIb U3 MarocepHUCTbIX Hed)Tel, OAHAKO B HacTos-
wee Bpems HIM3 orpaHuyeHbl B BbIGope Chipbsi Tpebyemoro kauyecTBa. CnefaoBaTenbHO, OHU BbiHYXAEeHbI BOBMNeKaThb B nepepaboTky
CEepHUCTbIE U BbICOKOCEPHUCTLIE HedTU. B CBA3M € 3TUM Ha MHOFUX NPOU3BOACTBAX MOSIBUNUCH TPYAHOCTM NPU Nony4YeHUn macen c

HU3KUM cofepKaHUeM cepbl, B 0CO6EHHOCTM ecniv OTCYTCTBYET NPOLEecC MAPOOUUCTKHU.
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PRODUCING LOW SULFUR CONTENT OILS

Today, for the plants, specializing in oil produ-
ction, the problems of producing low sulfur content
oils, which had been previously produced from sp-
ecially selected kinds of petroleum, are becoming
more and more topical.

Low sulfur oils, using conventional technology, can
be produced from low sulfur content petroleum
only, however at the present time, the oil refineries
have a limited choice of the crude of required qua-
lity. Consequently, they are forced to introduce into
processing, sulfur and high sulfur petroleum. As a
result of this, at many facilities there have appeared
difficulties in producing oils with low sulfur content,
especially, if there is no hydraulic cleaning process
there.

The conventional process of selective purification,
using selective solvents, allows mainly resins and
thiophens to be removed, while a significant part of
sulfides remain in the refined oil (40-50% by mass)
[1].

Sulfur organic compounds have a great influence
on the stability, corrosiveness and anti-wear prop-
erties of the oils and have great toxicity compared
to hydrocarbons [1]. Sulfides in minimum quantities
(0.01-0.03% by mass) have the role of anti-oxid-
izers, however the simultaneous presence in oils
of polycyclic aromatic hydrocarbons and sulfur
compounds, in whose molecules the hydrocarbon
radical is expressed by aromatic rings, mutually re-
duce their efficiency as oxidation inhibitors, which
is explained by the formation of associates that do
not possess the inhibiting capacity. Sulfides in large
quantities are one of the reasons for deteriorating
thermo-chemical stability (formation of the solid ph-
ase at higher temperature) and increased corrosive
activity [2].

The resolution of the problem of producing low su-
Ifur content oils lies in the development of accessi-
ble and inexpensive technology of removing sulfur
compounds from the oil fractions of sulfur and high
sulfur content petroleum.

One of the methods of isolating and removing sulfur
organic compounds from oil and distillates is oxida-
tion to be followed up by selective purification. The
high potential of the method of oxidizing is predic-
ated by the possibility of putting to practice use the
forming sulfoxides and sulfones.

At the first stage, sulfides contained in oil fractions
are oxidized by hydrogen peroxide (oxidizer) to su-
Ifoxides; at the second stage — the sulfoxides form-
ed are extracted from the oxidate using a selective
solvent [3]. In order to increase the selectiveness of
the process and implement the process in industry,
itis necessary to carry it out in the presence of a ca-
talyst.So far as the selective solvent is concerned,
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TpaAWUMOHHBIA NpPOLIECC CEeNneKkTUBHOMN
OYMCTKN N3BUpaTenbHbIMU PacTBOPUTENSMM
No3BONSIET B OCHOBHOM YyAanuTb CMOfbl U
TMoeHbI, 3HaYNTENbHAsA YacTb CynbdUA0B
ocTaetcs B padumHate (40-50 % macc.) [1].

CepaopraHuyeckue coeaumHEHUs oka-
3biBalOT Gonblioe BNWsHME Ha cTabunb-
HOCTb, KOPPO3UOHHYIO aKTUBHOCTb U Mpo-
TUBOM3HOCHbIE CBOMCTBa Macen u UMetT
ropasfo 6onbluyo TOKCMYHOCTb MO CpaB-
HeHuto ¢ yrnesogopogamu [1]. Cynbduabl
B MWHUManbHbIX kKonuvectsax (0,01-0,03
% macc.) nrpatoT porfb aHTUOKUCNUTENEN,
OfHaKo OJHOBPEMEHHOe MpUCYTCTBME B
Macnax nonuuMKInYeckux apomMmaTnyeckmx
yrneBO4OpPOAOB W CEPHUCTbIX COeAuHe-
HUN, B MOMeKynax KoTopbiX yrneBogopos-
Hbli pagukan BblpaXeH apoMaTU4ecKumu
KonbLUaMu, B3aMMHO CHWXaeT ux addek-
TUBHOCTb Kak WHIMOUTOPOB OKUCMEHMS,
4TO O0ObsACHseTcs obGpas3oBaHMEM acco-
umaToB, He obnagawLwmnx MHIMbupyoLwen
cnocobHocTblo. B Gonblumnx konmyecTsax
cynbduabl SABASKOTCA O4HOW W3 NPUYMH
yXYALWEHNS TepMOXMMWUYECKoW cTabunb-
HocTu (obpasoBaHus TBepAon dasbl npu
NOBbLILEHHON TemnepaType) U ycuneHus
KOPPO3NOHHOW aKTUBHOCTH [2].

PeweHne npobnembl npounsBoacTea
Macen C HU3KUM COAEpXaHWeM cepbl 3a-
kniovaetcsa B paspaboTke [OCTYMHOW K
HeJopOro TEXHONOrMM yAaarneHus CepHU-
CTbIX COEQMHEHUN U3 MacnsiHbIX pakymnn
CEPHUCTbIX N BbICOKOCEPHUCTbLIX HETEN.

OpavH 13 cnocoboB BbliAeneHns n yaa-
NEHUss CcepaopraHnUvyeckux COoeaAnHEHWUN
13 HedTN U OUCTUNNSTOB — OKUCIEHue ¢
nocnenymwuwen CenekTMBHOW  OYUCTKOW.
[MepcnekTBHOCTL MeToda OKWUCNeHus o6-
ycroBneHa BO3MOXHOCTbI NPakTU4eCcKoro
npuMeHeHns obpasyloLnxcs cynbdoKcu-
00B U Cynb(OHOB.

Ha nepson ctagun cynbduabl, cogep-
Xawmecs B MacnsHbIX pakuusix, OKUCHS-
I0TCA MepoKcMaoM Bogopoda (OoKuchuTenb)
[0 cynbgoKCMA0B; Ha BTOPON — 06pasytoLLm-
ecs cynbdoKcuabl U3BMEKaTCs 13 okcugara
3KCTpaKkumen un3bupatenbHbIM pacTBOpUTE-
nem [3]. C uenblo yBenuyeHus nsbvpatenb-
HOCTW mpolecca 1 peanusaumn B MPOMBbILL-
TNEHHOCTM npolecc HeobxoAMMO BecTu B
npucyTCTBUM KaTanusaTtopa.
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Yto kacaeTcs n3bupaTenbHOro pacTBo-
puTensi, To Havborbluee pacnpocTpaHeHue
nonyyunu dgexon, N — MeTUNNUMPpPONUAOH,
dypdypon. OCHOBHOE KONMMYECTBO YyCTAHOBOK
CeneKTUBHOWM O4nCTKM B Poccum npoekTnpo-
Banocb Ha paboty ¢ cheHonom. B HacTosiee
Bpemsi HabniogaeTcs TeHAeHuMs Mo nepe-
BOAY YCTaHOBOK C cheHona v pypdypona Ha
N-metunnupponuaoH. Liena Ha N-MIT B Poc-
CUM COOTBETCTBYET MWPOBOW LiEHE Ha ITOT
pacTBopuTenb MO MPUYMHE MOHOMOMBHOIO
NPOU3BOACTBA OAHMM U3 OTEHECTBEHHbIX NPO-
n3BoamnTenen.

KauyecTBo, BbIX0OA, cebecToMmocTb Macen
3aKnagblBaloTcs B MpoLecce CenekTUBHOMN
o4mcTkn. OCHOBHbIMY (hakTopamu, BUSAIOLLN-
MW Ha TEXHUKO-IKOHOMUYECKME MoKasaTenu
npouecca, SBMsATCS Ka4eCTBO Cbipbs U Npu-
poda pactBopuTens. OgHUM U3 BapuaHTOB
CHWXeHUsi cebecToMMoCT nony4yaemon npo-
OyKUuMK SIBNsSieTcs npuMeHeHne Hambonee ao-
CTYMHbIX pacTBOPUTENEN.

B kavecTBe n3bupartensHoro pacTeopuTe-
n§a npepnaraeTcsa auetoH. MNpu nogobpaHHbIx
Temneparypax 9KCTpaKLmMn aueToH pacTBops-
€T apeHbl, CMOIUCTbIE U CEPHUCTBIE COeaNHe-
Husi. B nHTtepBane temnepatyp 20-40°C ape-
Hbl PaCTBOPSAOTCS NOMHOCTLIO. [10 cpaBHEHMIO
¢ N-metunnupponugoHom aueToH 6Gonee
OOCTYMHbIN 1 AewweBblidi. [10 CBOUM TOKCUKO-
NOrMYeckMm CBOMCTBaM aLETOH OTHOCWUTCS K
4 knaccy mManoonacHbIX BELLECTB.

OpHako npy 04UCTKE MacnsiHbIX pakummn
13 CEpHUCTON 3anagHocmMbrpckon HedTn (co-
nepxaHve obwen cepbl 1,86%) aueToHOM
bonbllas 4YacTb CEPHUCTbIX COeAVMHEHWUI
ocTaeTcsi B pacpmHate (cm. Tabnuuy 1).

C uenbio CHWKeHNs codepXaHus cepbl B
pacuHaTe cbipbe NOABEpPraeTcs OKUCMEHUIO
30%-HbIM pacTBOpPOM Mepokcuaa Bopopoaa
B MPUCYTCTBMM KaTanuaatopa. JddeKTuBs-
HbIMU KaTanusaTopamu SIBASKTCA KUCMOThI:
cepHasi, yKCycHas, MypaBbUHas, — OQHAKO UX
LUIMPOKOE MCMOSNb30BaHNe 3aTpyAHEHO u3-3a
koppo3un obopynoBaHusa. B gaHHoM cnyvae
B KayecTBe KaTanuaatopa OKWCINeHWs npea-
naraeTcsi UCMomnb30BaTb aLETOH. YCKopeHune
OKUCMEHNS OOBSICHAETCH MPOMEXYTOYHbIM
obpa3oBaHVeM MNepOKCUAHbIX COeaVHEHW,
KOTOpble MO OKUCINUTENBHOM CnOcoBHOCTU
NpeBOCXOAAT nepokcug, Bogopoaa. Mpu atom
oKCUAaT UMeeT MeHbLUYHO KUCNOTHOCTL Mo P>
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phenol, N-methylpyrrolidone, furfurol have become
most common. Most of the selective purification un-
its in Russia were designed to work on phynol. At
the present time, there is a tendency for these units
to switch over from phenol and furfurol to N meth-
ylpyrrolidone. The price for N methylpyrrolidone in
Russia corresponds to the world price for this sol-
vent, due to the monopoly held by one of the local
Russian producers.

The quality, yield, production cost of oils are tak-
en into consideration when designing the selective
purification process. The key factors which influen-
ce the technical and economic performance of the
process are the quality of the crude and the nature
of the solvent. One of the ways of reducing the pr-
oduction cost of the products is the use of the most
accessible or affordable solvents.

Acetone is proposed as a selective solvent. At pro-
perly selected temperatures of extraction, acetone
dissolves arenes, resinous and sulfur compounds.
In the temperature range between 20 and 40-C, ar-
enes are dissolved completely. Compared with N
methylpyrrolidone, acetone is more accessible and
inexpensive. In terms of its toxicological properties,
acetone belongs to the 4-th class of low hazard ma-
terials.

However, when oil fractions are purified from sulfur
containing West Siberian oil (total sulfur content is
1.86%), using acetone, the majority of sulfur comp-
ounds remain in refined oil (see Table 1).

For the purpose of reducing the sulfur content in the
refined oil, the crude is subjected to oxidation using
30% solution of hydrogen peroxide in the presence
of catalyst. The following acids are effective cataly-
sts: sulfuric acid, acetic acid, formic acid, however
their wide use is impeded by equipment corrosion.
In this particular case, acetone is proposed to be
used as oxidation catalyst. Accelerated oxidation is
accounted for by intermediate formation of peroxide
compounds, whose oxidizing capacity exceeds that
of hydrogen peroxide. At the same time, oxidate has
lower acidity, compared to oxidation in the presence
of acids, and the degree of sulfides, changing into
solfoxides, amounts to 78% [4].

The conditions for carrying out the process and the
results are given in Table 1.

The yield of the refined oil, when purifying the ox-
idized crude, is twice as much as when purifying
unoxidized oil distillate. Sulfur content is reduced
3 times. In the meantime, the dissolution ratio in
both cases is the same. Increase in dissolution ra-
tio, when purifying the oxidized distillate, results in
producing refined oil of deeper purification but with
lower yield.

Thus, when purifying the oxidized crude, the quality
and yield of the refined oil increases. Consequently,
preliminary oxidation makes it possible to use, in
the process of selective purification, a more acce-
ssible selective solvent, i.e. acetone. When using
acetone both as a catalyst and as a selective solv-
ent, the process of producing low sulfur content oils
is generally simplified. Since the principal aim is to
explore the possibility of replacing N-methylpyrroli-
done with acetone, Table 2 sets out the comparati-
ve results of extracting the 3-rd oil fraction distillate,
using these solvents.

The results obtained indicate that the use of aceto-
ne as a solvent permits refined oils of the required
quality to be produced.

An important indicator of the possibility to use ace-
tone is its interaction with water. Acetone does not
form azeotrope mixture with water which facilitates
the operation of the unit that regenerates solvent
from the refined oil and extraction solutions, since
the necessity for a water circuit is obviated. The bo-
iling temperature of acetone is much lower than that
of the solvents used which results in lowering ene-
rgy costs for regeneration. The use of acetone as
a selective solvent does not require that additional
equipment should be included into the schematics.
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OKWUCIEHHbIN

Mokasatenu

Ycnosus

Temnepatypa  9Kc- 38
Tpakuuu, °C

KpaTHOCTb Cblpbsa K 1:3
pacTBOpUTENiO

CopepxaHue Bofpl B 1
aueTtoHe, % macc.

Pesynbrathl

Bbixog padpuHara, % 44,0
[Noka3zaTtenb npe- 1,4797
nomMmneHust pacguHata

nD50

CopepxaHue cepbl, 0,46
% macc.

Ouctunnat

HEOKUCINEHHbIN

38 38
1:4 1:3
1 2
34,3 22,0
1,4725 1,4755
0,42 1,55

Tabn. 1 PesynsTtaTtbl ouncTku auctunnsrta lll macnsaHown dpakumm aLeToHom

[Nokasatenu

Ouctunnat

HEOKUCINEHHbIN

N-meTunnupponuaoH

KpaTHocTb cbipbs K 1:4

pacTBopuTento

Bbixoa paduHTa, 38,4

% macc.

MokasaTtenb npenom-
nenuns padmHaTa
npu 50°C

CopepkaHve obLuei
cepbl B paduHate,
% macc.

1,4649

0,55

AueTtoH
Ouctnnnat
OKWUCMNEHHBIN  HEOKWUCMEHHbI  OKUCMEHHbIV
1:3 1:3 1:3
40,2 22,0 44,0
1,4656 1,4755 1,4797
0,34 1,55 0,46

Tabn. 2 CpaBHUTEeNbHbIE pe3ynbTaThbl 3KCTPaKUuuin N-MeTUNNMppPoNMaoOHOM U aLleTOHOM

CPaBHEHWIO C OKWUCMEHWeM B MPUCYTCTBUK
KWCIOT, CTeNeHb NpeBpaLleHns cynbduaos B
cynbdokenabl coctaenset 78% [4].

Ycnosusi  nposedeHus  npouecca W
pesynbTaTtbl NpyMBeaeHbl B Tabnuue 1.

Bhbixoa padhyHaTta npu oumncTke OKUCIEHHO-
o Cblpbsi B [1Ba pasa BbILLE, YEM NPU O4UCTKE
HeOKMCreHHoro macnsHoro guctunngra. Co-
fAepxaHue cepbl cHKaeTcs B 3 pasa. [Npy aTom
KpaTHOCTb pa3baBneHus B 06ounx criyqasx ogu-
HakoBa. YBenuyeHue KpaTtHOCTV pasbasrneHus
MpW O4UCTKE OKUCNEHHOrO ANUCTUNNATA NPUBO-
AUT K nony4eHnto paduHata 6onee rnybokon
OYUCTKM, HO C Boree HU3KNM BbIXOAOM.

Takvm 06pa3om NMpu O4NCTKE OKUCTIEHHO-
O CbIpbs NOBbILLAETCA KA4ECTBO U BbIXOA, pa-
duHaTa. CnegoatenbHo, NpeaBapuTenbHoe
OoKUCNeHne [JaeT BO3MOXHOCTb MPUMEHSATb
B MpoLecce CenekTUBHOW O4UCTKM Oonee
OOCTYMHBIN  13bmpaTenbHbIN  pacTBOPUTENb
— aueToH.

Mpn ncnonb3oBaHUM aueToHa O4HOBpe-
MEHHO Kak KaTanusartopa 1 Kak nsbupartens-
HOro pacTBOpUTENS B LEMOM YynpoLiaeTcs
NpoLecc NonyYyeHns ManoCcepHUCTbIX Macen.

MockonbKy OCHOBHOWM UMbl  ABNSET-
cA  uccrnegoBaHWe  BO3MOXHOCTU  3aMeHbl
pactBopuTenst N-MeTUnnMpponuaoH Ha aue-
TOH, B Tabnvue 2 npvBeAeHbl CpaBHUTESbHbIE
pesyneratbl N0 9KCTpakummn guctunnsta lll mac-
NAHOW OpaKLMM 3TUMIU PaCTBOPUTENAMM.

MonyyeHHble  pesynbTaTbl  MOKa3blBa-
I0T, YTO MPUMEHEeHWe aueToHa B KayecTBe

pacTBOpuUTENs NO3BONSET MonyyaTb paduHa-
Tbl TpeByemoro kavecTsa.

BaxHbIm rokasaTenem BO3MOXHO-
CTU TNpPUMEHEHUs aLeToHa $SBMsieTCs ero
B3aUMOLEWNCTBNE C BOAOWN. ALLETOH He obpasy-
€T a3e0TPOrHoM CMecu ¢ BoJoM, 4To obnerya-
eT paboTy y3na pereHepauuu pacTBOpUTENs
13 papMHaATHOIrO U 3KCTPAKTHOrO PacTBOPOB,
MOCKONbKY OTnagaeT HeobxoaMMOCTb B BO-
OHOM KOHType. Temneparypa KuneHusi aueto-
Ha 3HAYUTENIbHO HMXE MO CPpaBHEHUKO C npu-
MEHSIEMbIMU PacTBOPUTENSIMU, YTO NpUBEAET
K CHVDKEHWIO aHepro3aTpar npu pereHepauum.
MpumeHeHve aueToHa B kadecTBe u3bupa-
TENbHOrO pacTBOpUTENst He NOTpebyeT BKIto-
YeHNs B CXeMy YCTaHOBKU [OMOMHUTENBHOIO
0o6opynoBaHuS. m
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