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B pabome npeocmagnens pe3ynvmamel uccie008anus GUARUA HATUYUS 600bl 6 Hehmu
U HepmenpooyKmax Ha U3MEeHeHUe UX YU3UKO-XUMUUECKUX XAPAKMEPUCHUK HPU KAGUMAUUOH-
Holl oOpadomke. B kauecmee 00veKmoe uccinedo8anus UCnoIb308anucy oopasuvt masyma (M) u
2UOpoouuEenn020 eaxkyymnozo 2azoiina (I'BI), a maxace modenvhnoe coipve, nonyuennoe 000ae-
JieHuem K ucxoonwvim oopaszyam om 1%00. 00 20%00. 600vl. Akmueayus 00pa3yoe npoeoounacs 6
de3unmezpamope 6vicok020 oasnenus mapxu /Jonop-2, npunyun oelicmeus KOmMopozo 3aKuio-
yanca 6 corcamuu HehmenpooykKma u nocaedyrnuieo e20 nponyckanusa uepes ouggysop. Illpu
npoxodxcoenuu uepes oughghysop, eciredcmeue pe3kozo «copoca» oaenenus 00 ammocgepnozo, 6
2UOPOOUHAMUYECKOM NOMOKe 803HUKAEem sA6/1eHUe Kasumauyuu. AKmusayuio npogoounu npu
3HaueHuax paouenma oaenenuii na oughghyzope 20 MIla u 50 Mlla, ¢ perxxcumax 0OHOKPAMHOTL
00padomku u 0opadomku ¢ 5-kpamnoit yukiuuHocmolo. OnpeodejieHue NIOMHOCMU U 6bIX00d
dpaxuuit ocymecmennanocs ¢ UCHOIBb306AHUEM CHIAHOAPMHBIX U 0 OULEeNDUHAMBIX MEN00086. B pe-
3y1bmame NPOGeOeHHbIX UCCIe006AHUN GUAHUA KAGUMAUUOHHOIU 00padomKu 00600HEHHbIX
HeghmenpoOoykmoe na usmeHeHue ux QU3UKO-XUMUUECKUX XAPAKMEPUCMUK NOKA3AHO, YMO NHO-
sbluLeHUe ZPAOUEHMA 0AGIeHUIL U YUCAA UUKII08 00pABOmMKY NPUBOOUM K CHUMNCEHUIO NIOMHO-
cHmu, memMnepamypsl Haua1a KUREeHUsA He@hmenpooyKmoe u yeeauteHuIo 6bixo0a )paxkyuil, 6olKu-
narouwux 0o 400 °C. Bvixoo gpaxyuu ¢ memnepamypamu kunenus 400-480 °C u ocmamka npu
IMOM CHUNCAEMCA. YCMAHOGIEHO, YMO HpUCynicmeue 6 Hedymenpooykme 600bl NPUEOOUmM K
OonbueMy UZMEHEHUIO YUUKO-XUMUYECKUX XAPAKMEPUCMUK HO CPABHEHUIO C 00€380)1CEHHbIMU
oopazuamu. Yeenuuenue cooeprcanus 600vl 8 00pasuax ycunueaem igpghekm om KagumayuoH-
HO020 6030eiicmeus. IPpexmusnocmsy 030eiicmeus 6o3pacmaem u nPu yeeaudeHUU OUCHEPCHO-
cmu Kaneib 600bl 6 6000HEPMAHON IMYIbCUU.

KiroueBble cioBa: KaBUTalMsl, KaBUTAlMOHHAs 00paOoTka He(TH, (PU3MKO-XUMHUYECKHE CBOMCTBA
HedTH 1 He(pTENPOAYKTOB, IMTOBBIIIICHUE CTEIICHHU TepepadoTKu HEe(hTH

CAVITATION TREATMENT OF WATERED OIL PRODUCTS
A.lL Nikolaev, B.V. Peshnev, M.H.I. Alhamedi

Alexander 1. Nikolaev (ORCID 0000-0001-8594-2985)*, Boris V. Peshnev (ORCID 0000-0002-0507-2754),
Alhamedi Muataz Hadi Ismail

Department of Technology of Petrochemical Synthesis and Avrtificial Liquid Fuel named after A.N. Bashkirov,
MIREA-Russian Technological University, Vernadsky ave., 86, Moscow, 119571, Russia
E-mail: nikolaev_a@mirea.ru*

The paper presents the results of the study of the influence of the presence of water in oil
and petroleum products on the change in their physico-chemical characteristics during cavitation
treatment. As objects of research, samples of fuel oil (M) and hydrotreated vacuum gas oil (I'BI)
were used, as well as model raw materials obtained by adding 1% vol. to 20%vol. of water to the
initial samples. The activation of the samples was carried out in a high-pressure disintegrator of
the brand Donor-2, the principle of operation of which it consisted in compressing the oil product
and then passing it through the diffuser. When passing through the diffuser, due to a sharp "'reset™
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of pressure to atmospheric, the phenomenon of cavitation occurs in the hydrodynamic flow. The
pressure gradient on the diffuser was 20 MPa and 50 MPa, and the number of treatment cycles was
1 and 5. Determination of the density and yield of fractions was carried out using standard and
generally accepted methods. As a result of the conducted studies of the effect of cavitation treatment
of watered petroleum products on changes in their physico-chemical characteristics it is shown that
an increase in the pressure gradient and the number of treatment cycles leads to a decrease in the
density, the boiling point of petroleum products and an increase in the yield of fractions boiling up
to 400 °C. The yield of the fraction with boiling points of 400-480 °C and the residue is reduced at
the same time. It was found that the presence of water in the oil product leads to a greater change
in the physicochemical characteristics compared to dehydrated samples. An increase in the water
content in the samples enhances the effect of cavitation. The effectiveness of the effect also in-
creases with an increase in the dispersion of water droplets in the water-oil emulsion.

Key words: cavitation, oil cavitation treatment, oil and petroleum physico-chemical properties, prod-

ucts, increasing the degree of oil refining
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Bonpocsl nHTeHCH(UKAINN XUMHYECKHUX,
TEIJIO- U MAacCOOOMEHHBIX MPOIECCOB, MPOTEKalo-
LIMX B JKUIKOH (pase, BCIeCTBHE SIBJICHHS KaBUTAIIUN
peryisipHo 3arparuBarotcst B smreparype [1-10].
Hanpumep, B nuiieBoil mpoOMBIIIIIECHHOCTH, TIPU MPO-
W3BOZACTBE OHMONOTMYECKH AKTUBHBIX COEIMHEHUI U
JIEKapCTBEHHBIX ()OPM CYCTIEH3MOHHOTO M AMYJILCHOH-
HOTO THITOB KaBUTAIIMOHHAsi 00paboTKa CrrocoOCTByeT
MOBBIICHHUIO JUCIIEPCHOCTH MONy4aeMbIX SMYJIbCUN 1
YHHUUYTOXCHUIO B HUX BPEIHLIX MUKPOOPIraHN3MOB.

[IpuMeHeHne KaBUTAIMOHHOW 00pabOTKH B
OHEPIreTUKE CBA3BIBAIOT C ITOJYYCHHUEM TOILJIMB B BUAC
BOJIO-YTOJIbHBIX CYCHEH3UI U YTOJBbHO-MACIIHBIX 11aCT,
a TaKoKe C UCII0JIb30BAHUEM BOJI0-Ma3yTHBIX 3MYJIbCHI
[3]. IIpennonaraercs, 4TO COKUTaHHE TAKOrO TOILJIMBA
MIO3BOJINT CHU3UTH BBIOPOCHI OKCHAOB YIJIEpoJa H
a30Ta, YTWIN3UPOBATh YroJbHBIM UIaM U HE(TIHbIC
OTXO/Ibl, CHU3UTh CeOECTOMMOCTD IOJIyYCHHUs TEILIO-
Bo# sHepruu [11].

Bwmecrte ¢ Tem B muTeparype npakTHUECKH OT-
CYTCTBYET MH(pOPMAIMS O BJIMSIHUM BOJIBI HA H3MEHE-
HUE XapaKTEPUCTUK HEQTSIHOTO CHIPbS B pe3ysbTare
€r0 KaBUTAIMOHHOI 00paboTku. Mexy Tem, 1o JlaH-
HBIM psjia uccienosareneii [12-15], xaBurarmoHHas
00paboTka HeTH U3MEHsET ee (HPAKIMOHHBINA COCTAB,
MOBBIIIAST BBIXOJ CBETJIBIX (ppakmmii. B cBsizu ¢ Tew,
4TO 00pa3oBaHME 3apOAbIIIeH KAaBUTAIMOHHBIX ITy-
3bIPHKOB CBSA3BIBAIOT C HAIMYMEM B KHIKOM cpeie rpa-
HULB! pazaena ¢as [7, 16], MOXXHO OXHJaTh, 4TO B
MPHUCYTCTBUH BOJBI 3Q(EKT OT KaBUTAIIMOHHOM 00pa-
00TKM He()TH YBETTMYUTCSL.

ChemChemTech. 2022. V. 65. N 7

B pabote npezacraBieHbl pe3ynbTaThl HUCCIIe-
JOBaHWI BIMSHUS YCIIOBHH KaBUTAI[MOHHOH oOpa-
OOTKM Ha M3MEHEeHHE (PU3MKO-XUMHUYECKHX XapaKTe-
PHUCTHK OOBOJHEHHBIX HEPTEITPOILYKTOB.

OOvbexramMu HWcclieoBaHUsl ObBUTM BBIOPaHBI
o0pa3iel Mazyta (M) U THIPOOYHUIIIEHHOTO BaKyyM-
Horo razoitns (I'BI), xapakTepiucTHKN KOTOPBIX MTpe-
cTaBJieHbI B Ta0m. 1.

Tabnuua 1
POu3uko-xuMHYecKHne XAPAKTCPUCTHKH UCXOAHBIX
o0pa3uoB
Table 1. Physical and chemical characteristics of the
initial samples

O0paszern
Ilokazarens M BT
IL10THOCTD, I/cM® 0,9684 |0,8989
Temmneparypa Hadana kunenust Tug, °C | 290 256
Beixon ¢paxumit, % macc.

Tux -350 °C 5 5,6

350 - 400 °C 9 35,5

400 - 480 °C 28 49,4

480 °C u BbILIE 58 9,0

Takke HCIOB30BANNCH MOJICIBHBIE CMECH,
MOJyYEHHBIC JOOABICHHEM K MCXOTHOMY 00pasIiy OT
1% 06. mo 20% 06. Boxbl. g 0003HAYEHHUS TaKUX
cMeceil k OyKBe UCXOIHOTO HeOOBOIHEHHOTO 00pasiia
M00aBIAMK UGy, XapaKTePU3YIOUIYI0 COAep KaHHe
BOJIBI B 0Opasiie. Hanpumep, o6o3Hauenne M 1 3Ha4uT,
YTO K UCXOJHOMY 00pa3ily MazyTa ObLIO J00aBJICHO
1% 006. BoAEI.
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JlMcnepcHOCTh Kameidb BOIBI OMPEACISUIN C
HCroNb30BaHreM Mukpockomna Digital Microscope
1600x.

Kapuranmonnast 06pabotka o0pa3ioB MpoBo-
JMIach Ha J1TaOOPAaTOPHOM YCTaHOBKE C MCIIONB30BA-
HUeM anmapara mapku JloHop-2, obecreurBaroniero
BO3HUKHOBEHHE KaBUTAIlMM B THAPOIUHAMHYECKOM
notoke [17]. YcTraHOoBKa COAEPIKUT pacXOIHYIO, TIPO-
MEXyTOUHYIO, IPHEMHYIO eMKOCTH U armapar Jlorop-2.
OO0pas3el HePTEPOAYKTa U3 PACXOTHOW EMKOCTH I10-
naBajics B armapar JJoHOp-2, B KOTOPOM ITpH IpaiueH-
tax pasienus 20 u 50 MIla nonseprancst oopadorke.
Janee HedTenpPOAYKT HAMpPaBISUICS B MPOMEKYTOU-
HYIO WIH NIPUEMHYI0 eMKOCTh. BbiOop emkocTu 00y-
CJIOBJIEH KOJIMUECTBOM IMKIJIOB 00paboTKu oOpasiia.
Tax, mpu omHOKpaTHOW 00paboTke OOpasel Halpas-
JSICS B TIPUEMHYIO €MKOCTb, a IIPU MHOTOKPaTHOH B
MIPOMEKYTOYHYIO U J1ajiee BO3BPALIACTCS B HCXOIHYIO.

[TnoTHOCTH 00pPA3IOB yCTaHABINBAJIM MMUKHO-
METPUYECKUM METOZOM B COOTBETCTBHUH C METOIMKOM,

npenctasieHHoi B 'OCT 3900-85 «Hedts u Hedre-
MPOIYKTHI. MeTOIBI OnpeaeNieHus] IUIOTHOCTI.

Brixon ¢hpakuumii onpenensuii Ha jgadopartop-
HOW yCTaHOBKE BAaKYyYMHOH TUCTHILISIMU HedTempo-
IOYKTOB C UCTIONb30BaHueM Konobl Kisitzena. Cnenyer
OTMETHTb, YTO MPU JUCTHIUIIIMN OOBOIHEHHBIX 00-
pasIoB, 10 WX KaBUTAITMOHHONW 00pabOTKH, MMPOUCXO-
AT «Tiepedpocy HedTenpoaykTa u3 koiosl Kisitzena
B npuemMHyH0. [lociie kaBUTaIMOHHON 00pabOTKH Ta-
KHX 00paslloB, a TaKKe y 00pas3iioB, HE COJIEpIKAIIX
BOJIBL, 3TOr0 3 deKTa He HabII01aT0Ch. B MOASIIEHBIX
o0pasuax Iocjie KaBHTAlMd BOJA HEBOOPY>KEHHBIM
T'JIa30M HE I/IlleHTI/I(bI/IIII/IpOBaJ'[aCB, a IIpy JUCTUJIIAITUN
orrouHsuack BMecte ¢ gpakmuent Tu — 350 °C, a B mo-
CJIC/IYIOIIEM JIETKO OT/EJSIAch OT YTIEBOJOPOIOB OT-
CTauBaHUEM.

BnusiHue ycnoBuii  KaBUTalMOHHOW —0OOpa-
00TKM Ha (U3UKO-XUMHUYECKHE XapaKTePUCTHUKUA 00-
PasIoB MOKAa3aHo B Ta0I. 2.

Tabnuuya 2

DU3UKO-XUMHUYECKUE XapaAKTePUCTUKHU 00padoTaHHbIX 00pa3uos M u M1
Table 2. Physico-chemical characteristics of activated samples M and M1

Ycnosust 06paboTku XapaktepucTrka o0pa3Ios
Hasnenue, | KomudgecTBo O6pasen IInoTHOCTS, Brixon dpaxmmii, % macc.
MlIla LIUKJIOB r/em® Tuc-350 °C| 350-400 °C | 400-480 °C |480 °C u BoILIE

1 M 0,9653 7,1 10,2 26,0 56,7

20 M1 0,9602 7,5 11,5 28,0 53,0
5 M 0,9578 10,6 12,7 22,6 54,1

Ml 0,9502 11,3 14,1 27,0 47,6

1 M 0,9549 10,0 14,0 22,8 54,9

50 M1 0,9471 10,4 15,1 22,1 52,4
5 M 0,9473 13,7 145 23,6 48,2

Ml 0,9345 15,8 16,7 22,5 45,0

XapakTep BIHUSHHUS JABJICHUS W KOJUYCCTBA
UKJIOB 00pabOTKH Ha PUMKO-XUMHUYECKUE XapaKTe-
PUCTHKH OOpasloB aHAJIOTWYCH IMPEJICTABICHHOMY B
paborax [18-20]. [ToBbimeHne rpagueHTa JaBJICHUN B
muddy3ope, Kak 1 YBEIMUCHUE YUCIIa [UKIOB 0Opa-
OOTKH COMPOBOXKIATIOCH OOMNBIIMM CHHXKEHHUEM TIJIOT-
HOCTH 00pa3lia, MOBBIIIEHINEM BBIX0/1a (PPAKIHIA C TEM-
neparypamu kurenust 10 400 °C u cHM>KEHHEM BBI-
x0/1a Qpakiwii ¢ GONTBITUMHU TEMITEPATypaMU KUTICHHS.
Bonee Toro, pe3yiapTaThl OATBEPXKAAIOT TPEIITONO-
JKEHHE O TOM, UTO B IIPUCYTCTBUU BOJBI 3D PEKT OT Ka-
BHUTAIIMOHHOTO BO3JICHCTBHS MOXKET YBEIHUYUTHCA.
Taxk, mpu rpaanente garnerns 50 MIla u 5 nukiioB 00-
pabOTKH TJIOTHOCTh aKTHBHPOBAHHOTO 00pasiia M co-
crapisna 0,9473 r/em®, a o6paboranHoro o6pasina M1
0,9345 r/cm®, a Bexon dpakmmn Tuw-350 °C ypenu-
guics Ha 20%.
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[Mpeanonoxenue 06 ycuneHnu 3 dexra KaBu-
TaIMOHHOK 00pa0OTKH HE(MTENPOAYKTOB B MPHCYT-
CTBHH BOJIbI 0A3MPOBAJIOCH HA TOM, YTO 3aPOBIIIHN Ka-
BUTAIIMOHHBIX ITy3BbIPEKOB (POPMHUPYIOTCS Ha I'PaHULIE
paznena (a3, B TOM YMCIIe W Ha TpaHulle ¢a3 Kaneib
BOJIBI M HE(PTH B BONO-HE(DTSIHOW dMynbcun. B Takom
ciydae 3pGeKTHBHOCTh 00Pa0OTKH JOKHA 3aBHUCETh
OT coziepKaHusl BOJbI B aMyJibcuu. [Ipn yBemyennn
COZICpKaHUSI BOABI B AMYJbCUU YBEJIMYUBACTCS II0-
BEpPXHOCTH pazzielia Gpa3 ¥ MOXKHO OXKUJATh OOJBIIEro
addexra or 00paboTKH.

B Tabn. 3 mokazaHo BIMSHUE COAEPIKAHUS
BOJIBI B HE(TENPOAYKTE HA (PU3MKO-XMMUYECKHE Xa-
pakrepuctuku o0pas3mnos. KaBurtarmonHas oopaboTka
00pa3IoB OCYLIECTBISIACH TIPU TPATUCHTE ABICHUS
50 MIla u 5 nuknax o6paboOTKH.

W3B. By30B. Xumus u xuM. Texnosorus. 2022. T. 65. Beim. 7



A.l. Nikolaev, B.V. Peshnev, M.H.l. Alhamedi

Tabnuua 3

Bausinue coaepiKaHudA BOAbI B OMYJ/ILCHUH HA (l)I/ISI/IKO-XHMl/I‘{eCKl/Ie XapPaKTEPUCTUKH oﬁpa:mon
Table 3. The effect of the water content in the emulsion on the physico-chemical characteristics of the samples

O6pasen Coneprxanue Bojbl, | [ImoTHOCTD, Brixon ¢paximii, % macc.
% 00. r/em® Tuk-350 °C | 350-400 °C | 400-480 °C |480 °C u BrIIIIE]
M1 1 0,9345 15,8 16,7 22,5 45,0
M3 3 0,9135 18,5 17,8 21,3 42,4
M5 5 0,9035 22,0 19,0 19,6 394
M20 20 0,9015 22,3 19,3 19,9 38,5

JIeliCTBUTENBHO, YBEIHUYECHHE COJCpPKAHUA
BOJBI B oOpasmax ycuymBaeT 3(Qekr oT Bo3xaei-
ctus. [Ipu Gosbiiem conepskaHuy BOAbI 00pasie mo-
CJie KaBUTALMOHHON 00paboTku (ukcupyercs: 00ib-
I1ee CHIDKEHHE €ro MJIOTHOCTH U YBEJIIMYCHHE BBIXOA
¢pakuni, Beikunaromux 10 400 °C. Hanbonpmmii BbI-
X0/ 3TUX (Ppakiuil GUKCHPOBAICS MPH COJCPIKAHUN
Bozabl B oOpasue 20% 06. Onnako Haubonee cyrie-
CTBEHHbIE M3MEHEHHUSI (PUKCHPOBATICH IPU YBEIHUe-
HUM CONlepKaHus BOABI 10 5% 00.

IToBepxHOCTH pazaena ¢a3 BO3pacTaeT TaKkKe

Y TIPH YBEJIMYEHNH IUCIIEPCHOCTH (YMEHBIICHUH na-
MeTpa) Kamenb Bojabl. B Ta0i. 4 moka3aHO BIIUSHHUE
pa3mMepoB BHyTpeHHEH (a3bl (Kaneb Bopl) Ha 3 dek-
THUBHOCTH 00paOOTKH THIPOOYHILECHHOTO BAKYYMHOT'O
rasoisis ¢ coxepkanueM Boasl 10% 00. O6paboTka
00pas3IoB OCYIIECTBISIIACH IPU TPATUCHTE JTaBICHHS
50 MlIla u 5 nuxnax Bo3zneicTBUS.

OOpa3upl pa3muyuamich CPeIHHM pa3MepoM
YacTUI| JUCTIEPCHOHHON (a3bl. st oqHOrO 00pasia
oHa coctasisuia 0,7 MM, nis gpyroro 0,3 MM, B COOT-
BETCTBEHHO 00pa3ibl obo3Havanmuch kak ['BI'10-0,7
(puc. a) u I'BI'10-0,3 (puc. 6).
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Puc. MukpodoTtorpadun BogoHedTsiHOH cuctemsl a) - ['BI'10-0,7 u 6) - 'BI'10-0,3
Fig. Micrographs of the water and oil system of 'BI'10-0.7 of TBI"'10-0.3

Tabnuya 4
DHU3UKO-XUMHYECKHE XAPAKTEePUCTHKH 00pad0TAaHHBIX
odpasunos I'BI'10-0,7 n I'BI'10-0,3
Table 4. Physico-chemical characteristics of activated
samples of ’'BI'10-0,7 and I'BI'10-0,3

Iloxa3arens Obpazen
I'BT" 10-0,7 I'BT 10-0,3
ITtoTHOCTB, I/cM3 0,9039 0,8993
Brixon dpaxmmii, %
Mmacc.
Tuk-350 °C 7 8
350-400 °C 37 39
400-480 °C 48 46
480 °C u BaIIIE 8 7

MosxHO OTMCTUTD, UTO YBCIIMUCHUC TUCIICPC-
HOCTH Kareib BOAHOW (as3bl B ~2,3 paza mpuBeEio K

ChemChemTech. 2022. V. 65. N 7

BO3pacCTaHUIO I'paHull pasaena ¢a3 B ~5,4 pas3a u no-
BBICHJIO BBIXOJ (ppakmmii, Berkumaronmx a0 400 °C.

[IpencraBnenHbie pe3yabTaThl MOATBEPKIAIOT
IPEANONIOKEHNE O 3apOXKIACHUN SIep KaBUTALMM Ha
rpanuie pasaena ¢as. s HeTsIHBIX CUCTEM TaKUMHU
I'PaHUIIAMHU MOTYT SIBJISITHCS HE TOJIBKO TPAHMIIBI AUC-
NEePrupoOBaHHBIX HEQTAHBIX yacTHl] (achaibTeHOB) C
HATHBHOU CPEJOi, HO U IPaHULIbl TUCTIEPIUPOBAHHOM
BOIHOHU (pazbl U yriaeBogopoHOM cpeabl. Pe3ynbraTe
TaKKe IMOKA3bIBAIOT, YTO KAaBHTAIMOHHAs 00paboTKa
O0OBOJTHEHHBIX YTJIEBOIOPOAOB MPUBOJUT K OOJIBIIEMY
BbIXoay (pakumii, Beikumnarommx g0 400 °C. Ilpu
3TOM, MPHU MOCIEAYIOUIEH BAKYyMHON Pa3rOHKE TAKUX
O0OBOIHEHHBIX HEPTEPOLYKTOB BO/IA YXOJUT C «JIeT-
KAMI» (QPaKIMSIMH U B MTOCIIEAYIONIEM JIETKO OTHETIS-
€TCSl OTCTAMBAHKEM.
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A@mopbl sasensiiom 06 omcymcmeuu KOH-

Gnuxma unmepecos, mpebyrowezo packpvimus 8 0au-
HOU cmambe.

10.

11.

12.

13.

14.

15.

16.
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