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Uzyuenue copepkanus peppoOMarHUTHBIX YaCTHIl H3HOCA B OTPa0OTAaHHOM MOTOPHOM MAcJI€ TO3BOJISIET
CYIIUTh O CTEIICHH M3HOCAa TPYIIUXCS JeTajel nBuratela. B manHOW paboTe ommchIBaeTCs HOBBIH METOX
ornpeneneHus (ppaKMOHHOTO COCTaBa CHCTEMBI (PepPOMAarHUTHBIX YacTUI] H3HOCA B OTPabOTaHHOM MOTOP-
HOM MacJlie, OCHOBaHHBI Ha KUHETHKE CEJMMEHTALMH YacTUI] B TI0JI€ CHIIBI TSDKECTH U alllapaTypHOM Bpe-
MEHH MorepeyHoi penakcaiuu IMP npoTOHOB yriieBO10POI0B MOJIMAUCIIEPCHON cycrieH3uu. B oTnuyue ot
TPaJUIIIOHHOTO CEAMMEHTAIIMOHHOTO aHaIW3a METOJIOM HEINPEpPHIBHOTO B3BEIIMBAHUS, B INPEAJaraeMoM
crnocobe HCIoIb3yeTcss METOl HEMPEPHIBHOTO H3Meperus BpemMenn SIMP penakcanuu 1> IIpeanonaraercs,
YTO B3BEILECHHBIC YaCTHIIBI YBEINUYNBAIOT HEOJHOPOAHOCTS MArHUTHOTO TIOJIS MarHUTa pelakcoMeTpa  arl-
MapaTypHOE BpeMsl CIIMH-CIIMHOBOW peJIaKCaIiy MPOMOPIIHOHATBHO Macce OCaKa.

[NomyyeHo aHaNMUTHYECKOE BBIpAXKEHHE PACTIPEACIICHUS IO pa3MepaM YacTHIl U Uil Hanbojiee BEpOsITHOTO
SKBHBAJICHTHOT'O payca Uil MaTeMaTHIECKON MO CeIMMEHTAlOHHON KpuBoi. VcenenoBansl ABe Gpu3u-
YeCKHE MOJIEIIM YacCTHII XKeje3a Pa3HbIX Pa3MepOB, BHECEHHBIX B CBEXKHE MOTOPHBIE Macia. [lokazaHo, uTo npu
OJTHOM M TOM k€ KOHIIEHTPAITMH JKeJIe3a B Macje YacTUIIBl MEJIKUX pa3MepoB JIENIAI0T MarHWTHOE Tone Oojee
HEOHOPO/IHBIM, YeM KpYyIHbIE YacTHIIBL VccilenoBaHa KMHETHKA M3MEHEHHs BPeMEH penakcamuu > B Ipo-
Lecce CeIMMEHTALUN. Y CTAaHOBJICHO, YTO IPH CeIUMEHTaluH (peppOMarHUTHBIX YacTHUL, BpEMEHa CIIMH-PEIIE-
TOYHOU 7| ¥ CIIUH-CITMHOBOM 75 pellaKCariiy OCTAIOTCS HEM3MEHHBIMU. [[1s TToTydeHus pacpeneneHus Gpeppo-
MATHUTHBIX YaCTHI] BCE HEOOXOMMBIE MPeoOpa30BaHis MACCHBA JAHHBIX 7> (¢) BHITOTHSUIMCH YMCIeHHO. TToka-
3aHO, YTO B OTIMYME OT OAHOMOJAIIBHBIX pacipeieieHUH 1l MOAETBHBIX 00Pa3LoB CBEXKUX MAcell ¢ YaCTULAMU
xenesa, orpabotanHoe 420 wacoB macno M-10G2CS maér pacnpeneneHre B IIMPOKOH TOJIOCE PajilyCcOB
ot 3 mMkM 710 11 MxM. Pacnipenienenust paauycos yactuil B Maciiax Shell Rimula 15W40, otpabotanssix 250 yacos
u 500 yacoB, KaK U CIEI0BANIO 0XKUAATh, TOZOOHBI, HO MPOLIEHTHOE cojiepaHue Gpakiuii B Macie, oTpaboTaH-
HOM 250 yacoB MeHbIIIe, 4eM B Maciie, oTpaboTanHoM 500 gacoB. XapakTep 3THX pacrpeeieH i HHOH, YeM y
macia M-10G2CS (420 gacor). Bo3zMokHOCTH TpeIIaraeMoro MeTo1a JjIsl BRICOKOIUCTICPCHBIX CHCTEM OTPaHH-
YeHBI OYE€Hb MEJUIEHHBIM OCeJaHNeM HAaHOPa3MEepPHBIX YAaCTHUI] B TPAaBUTAILIMIOHHOM I1OJIE.

[Tony4enHsle B gaHHOHN paboTe pe3yabTaThl MOTYT OBITh ITOJIE3HBI IS IUCIIEPCHOHHOTO aHAJIN3a JIIOOBIX
OpPTaHWYECKHUX CYCIIEH3WH, COAEePIKAIIIX MUKPOpa3MepHbIe (PepPOMArHUTHBIE YACTHIIBI.

KiroueBrble c10Ba: CyJ0BbIe MOTOPHBIC Maciia, (heppOMAarHUTHBIC YaCTHUIIBI U3HOCA, ceauMmenTaius, IMP
peraKcoMeTpus, BpeMeHa penakcaruu Ts .
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Abstract

Studying the content of ferromagnetic wear particles in used motor oil allows us to judge the degree of
wear of the rubbing parts of the engine. This paper describes a new method for determining the fractional
composition of a system of ferromagnetic wear particles in used motor oil, based on the kinetics of particle
sedimentation in a gravity field and the instrumental time of transverse relaxation of NMR protons of hydro-
carbons in a polydisperse suspension. Unlike traditional sedimentation analysis by continuous weighing, the
proposed method uses a method of continuous measurement of the NMR relaxation time 7>*. It is assumed
that suspended particles increase the non-uniformity of the magnetic field of the relaxometer magnet and the
apparatus time of spin-spin relaxation proportionally to the mass of the sediment.

An analytical expression for the particle size distribution and for the most probable equivalent radius for
a mathematical model of the sedimentation curve is obtained. Two physical models of iron particles of dif-
ferent sizes introduced into fresh motor oils are investigated. It is shown that at the same iron concentration
in engine oil, small particles make the magnetic field more non-uniform than large particles. The kinetics of
changes in relaxation times 7>  during sedimentation is studied. It was found that during sedimentation of
ferromagnetic particles, the times of spin-lattice 7 and spin-spin 7, relaxation remain unchanged. To obtain
the distribution of ferromagnetic particles, all necessary transformations of the data array 7>'(f) were per-
formed numerically. It is shown that, in contrast to the unimodal distributions for model samples of fresh oils
with iron particles, M-10G2CS oil used for 420 hours gives a distribution in a wide range of radii from 3 pm
to 11 um. The distributions of particle radii in Shell Rimula 15W40 oils used for 250 hours and 500 hours
are, as expected, similar, but the percentage content of fractions in the oil used for 250 hours is less than in
the oil used for 500 hours. The nature of these distributions is different from that of M-10G2CS oil
(420 hours). The capabilities of the proposed method for highly dispersed systems are limited by the very
slow settling of nanosized particles in a gravitational field.

The results obtained in this work can be useful for dispersion analysis of any organic suspensions con-
taining microsized ferromagnetic particles.

. . . . . . * .
Keywords: marine motor oils, ferromagnetic wear particles, sedimentation, NMR relaxometry, 7> relaxation
times.
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