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MNpoBepeHo uccnegoBaHMe CTPYKTYpPbl, (pa3oBOro, XMMUYECKOro COCTaBa U TepMUYECKUX CBOMCTB 6eMuTa,
NoJsly4eHHOr o rmapoTepMasibHbIM CUHTE30M. YCTaHOB/IeHbl HAHOCTPYKTYPHOE COCTOSIHME MaTepuana v ero
¢dasoBas ymcroTa. Mo pasINYHbLIM METOAUKAM U HA pasHbIX YCTAHOBKAX UCCIeA0BaHbl TPU6OTEXHUYECKue
XapaKTepUCTUKU 1 ONpeaesieHbl ero aHTUGPUKLVOHHbBIE, MPOTUBOM3HOCHbBIE Y MPOTUBO33AUpPHbIe CBOMCTBA.
MokasaHa BO3MOXHOCTb UCMO/Nb30BAHUS 6emMuTa B KA4yecTBe npenaparta Ajis npupaboTkyu AuM3esibHOro
aBuratensi. Pa3pa6oTaHbl pekoMeHAALMM MO O6KaTke AM3e/IbHOro [ABUratenss C UCMNosib30BaHMEM
HaHOCTPYKTypHOro 6emuTa.

A study was conducted to estimate the structure, phase and chemical composition, and thermal
properties of boehmite obtained by hydrothermal synthesis. The nanostructured state of material
and its phase purity were determined. Tribological properties were studied using different methods
and different equipment, and anti-friction, anti-wear and antiwelding properties were estimated. The
possibility of using nanostructured boehmite for running-in of diesel engine was shown and appropriate

recommendations were proposed.

YIIeCTBEHHO Y/IyYIIUTh TeXHUKO-3KOHOMHYeCKHe

XapaKTepPUCTHKU HOBBIX M OTPeMOHTHPOBAHHBIX

OY3e/IbHBIX IBUTATe/NeH B peXXKHUMe MITaTHOM 3KC-
IJTyaTalldH MOKHO C IIOMOIIBIO CIIelIHaIbHBIX TPUOO-
[pernapaToB — BOCCTAHOBUTE/NIbHBIX aHTUQPUKIIHOH-
HBIX U IIPOTHBOM3HOCHBIX J06ABOK K MOTOPHBIM Mac-
nam. Hcronp3oBaHue J06aBOK MO3BOJISIET, He YXy/IIast
3KCIUIyaTal[MOHHbIe IIapaMeTphl MaceJI, He TOJIBKO I10BBI-
CUTb TeXHUUYeCKHe XapaKTePUCTHUKH arperara, Ho U
B psifie CJly4daeB IIPOJJIMTh ero pecypc, cCPOpMHUPOBAB Ha
[IOBEpPXHOCTSIX TPeHMU S leTa/lell MalllH aHTUPUKIIHOH-
HYIO CTPYKTYPY.

K HacTosiIeMy BpeMeHHU pa3paboTaHO MHOTO pa3auy-
HBIX 100aBOK, KOTOPBIE 11e1ec000pa3HO IIPUMEHSTH B
PpasHble IIePHOABI IKCIUTYaTal[MK MAIIKH. Pa3paboTaHbl
no6aBKU [1s1 TPUPAbOTKU (IPUTUPKHU JIeTaJIer) HOBOTO
WM OTPeMOHTHPOBAHHOIO y37a, arperara, obecre-
YMBalOlMe MaKCHUMaJbHOe IIpUJIeTaHHe JeTajlel B
CONPSIREHUSIX, ONTUMHU3AIUIO ePOXOBATOCTH pabo-
YKX [I0BEPXHOCTeH AeTaslell U, B pe3ylbTaTe, MUHUMHU-
3allUI0 TPeHUS U IOBbIIIeHHe H3HOCOCTOMKOCTH. [1s
Ha4a/IbHOI'O [10C/IEPeMOHTHOTO IIepHofia I TaTHOM 3KC-

ITyaTallMK JBUTaTesIel U arperaToB MalllkH IIPUMeH -
I0TCSI IPyTHe TpUboIpenaparsl, CHIXaoNIHe K03ddu-
LHeHT TPeHHUs U U3HOC. [ OC/IeAyIoLero nepruoaa
3KCILIyaTalluU pa3paboTaHbl peMOHTHO-BOCCTAHOBHU-
TeJIbHBIE COCTaBhl, 06J1a/jaol[e CBOMCTBAMU HCIIPaB-
JISITh FeOMETPHIO fleTajiel B 30He M3HOCA U KOMITeHCH-
POBaTh yBeIMUMBIIKeCs 3a30pHl [1-3]. Tlox mencTBHEM
JIOKa/IbHBIX TeMIIepaTyp U JaB/IeHUI B MeCTaX TPeHHU S
IIPOKCXOAUT HapallMBaHKe KOMIIO3UTHOIO CJI0sI, COCTO-
SI[eT0 U3 IIPOAYKTOB Pa3/IOKeHHS BOCCTAHOBUTE/IbHBIX
IIper1apaToB, MaTepHasla II0BepXHOCTHOIO C/I0S JeTa/lk
Y Macja. B pesynbraTe yMeHbIIaeTcsi 06pa3oBaBIIHUICS
3a30p U yBe/IMUMBaeTCs pecypc arperara.

MHorue Tpubomnpenaparsl cofepkaT B KauecTBe
aKTUBHOTO BellleCTBA IIPUPOAHbIe MaTepHabl, KOTO-
Ppble HEOTHOPOJHBI II0 XMMHUYeCKOMY U MUHEepaJIorhye-
CKOMY COCTaBY, UTO IIPUBOAUT K pa3bpocy TpuboTexHU-
YeCKHX CBOKICTB U JlasKe MOXKET CTaTh IPUYMHOM BbIXOIA
arperaToB M3 CTposi. Bce 3To 3acTaBisieT paspaboryu-
KOB HCKaTh UCKYCCTBEHHbIe TPUOOIIperapaTsl co CTa-
OMIBPHBIMU CBOMCTBAMH [4]. TaKHe ITperapaTsl MOTYT
OBITH CO3/IaHBI HA OCHOBE MOHOT'HMIPOKCH/A ATIOMUHUS
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(beMHTa) - KCKYCCTBEHHOI'O MaTepHaia co CTabIIBHBIMHU
cBoricTBaMH. [TogobHO TpaduTy U AUCYIbGUIY MOTHE-
IeHa, 30 PeKTUBHO CHUKAIOIIUX TPeHHe, 6eMUT TaKkKe
ob1a/1aeT CIOMCTOM CTPYKTYPOK. B momobHBIX coeilHe-
HUSX B IVIOCKOCTH CJI0SI CBSI3b IIPOUHas (KOBaJeHTHAs
WJIM MOHHAS C PA3HOM CTeIleHbI0 KOBAJIEHTHOM CBSI3H)
U CYIeCTBeHHO MeHee [IPOYHasi B IIepIleHIUKY/ISIPHOK
IJIOCKOCTH (MeTajuindeckasi, Ban-Jlep-Baanbca uimu
BOZIOPOJHAsI, Kak B 6emurte). Takas CTpyKTypa obecrie-
YMBaeT CKOJIbXKeHHe CI0eB JIPYyT OTHOCUTeIbHO Apyra U
HU3KHUU KO3OOUIIMEeHT TPeHHU . B 0CHOBe CTPyKTYphI
beMHTa - UyepefloBaHHUe IaueK, COCTOSIIIUX U3 ABYX
KHUC/IOPOAHBIX (BHYTPEHHUX) U JIBYX THAPOKCHU/IBHBIX
(BHEIIHUX) CJI0EB. ATOMBI QJIIOMUHHUS B KPUCTAJJIHYe-
CKOHM pelieTke 6eMUTa OKPY’KeHbI JePOpMUPOBAHHOM
OKTa3[JpUYeCKOM IPYIIIHPOBKOM U3 aTOMOB KHC/IOPOAA.
[IpoBeieHHbIE ABTOPAMU HCC/IEIOBAHU S IIOKA3AIH Iep-
CIIEKTUBHOCTb 3TOT0 MaTepHaja B Ka4ecTBe TpHbOoIperia-
para [5].

Llenpto paboTEI SBISIIOCH UCC/IeOBAHHE CTPYKTYPEI,
TepMHYeCKHUX U TPUOOTeXHUYECKHX CBOMCTB HAHOCTPYK-
TypHOro 6eMHTa, IOy YeHHOI'0 METO/IOM FHAPOTepPMalb-
HOT'O CHHTe3a, [JI5l pa3HBIX IIePHUOMOB IKCIIIyaTallUU
Malll1H,

MATEPUA/bI U METOAbI UCCNEAOBAHUIA

B paboTe HCII0Tp30BaJICS IIOPOLIOK 6 MUTA, IOy YeHHBII
MeTOZIOM I'M/IpOTepPMaIbHOT0 OKHC/IEHH S ITIOPOIIKA aJTI0-
MUHUS [6]. MUKPOCTPYKTYPY IIOPOIIKA HCCIeJ0BalIu Ha
OIITUYeCKOM K CKAaHUPYIOIIeM 30HI0BOM MHUKPOCKOIAX
SolverNext (3A0 "HT-M/IT"); XUMHUYeCKH I COCTAB OIIpefe-
JISUIA Ha aTOMHO-3MHCCHOHHOM CIIEKTPOMETPe C UHIYK-
TUBHO CBS3aHHOH Ima3mon iCAP 6300MFCDuo (mns
aHaJIM3a IIOPOIIOK 6eMUTA PACTBOPSI/IH B I1JIABHKOBOK

or significant improvement

of technical and economic  parts.

friction surfaces of machine

KHCJI0Te); Ga30BbIl COCTaB, CTeIleHb KPUCTA/UTMYHOCTH
U pa3sMep KPUCTAJ/LJIOB —~ Ha PeHTTeHOBCKOM AU PPAKTO-
MeTpe XRD 6000 pupms Shimadzu (SInoHmMs); yoenpHyo
IIOBEPXHOCTH ~ METOJJ0M HHU3KOTeMIIepaTypHOM a/Icopb-
LIMH 230Ta Ha aHamu3aTope Autosorb-1 (CLLIA). [ins Tpubo-
JIOTHYeCKUX HCC/IeJOBAaHUI IIPUMeHSIUCh YeThIpexIa-
pUKOBasi MaminHa TpeHUs (YIIMT), crieliuaabHOe IIPHU-
criocobneHue dpupMel Wagner, a Takoke MallliHA TPeHUS
2070 CMT-1u MTV.

[IpupaboTKy HoBOro mu3ens [-243 NPOBOAMIN HA
MOZIePHHU3UPOBAaHHOM 0OKaTOYHO-TOPMO3HOM CTeHJe
KH-3540-TOCHUTH. Pacxop KapTepHBIX Fa30B U3MEPSIIN
ra30BBIM CYETUHKOM, HeIlpephIBHO 3aMepsis Pacxol
TorutrBa. CrcTeMa c60pa U perucTpaliiu HHGOpMalUU
T103BOJIsI/Ia peTUCTPUPOBATE BO BpEMEHH C 33JaHHOM JHC-
KPeTHOCThIO OTCYETOB XapaKTep U3MeHeHH YaCTOTh
000pOTOB Baja JBUTaTesIsl, MOMeHTa Ha Bajly, faBie-
HHS Mac/la B CUCTeMe CMa3KH JBUTaTe s, TeMIIePaTyPhl
Macja, TeMIIepaTypbl BOAbl B CUCTeMe OXJIaKIeHHUs
IBUTaTesl, pacxofa TOIIMBA. B xone npupaboTku 6e3
6eMHTa 1 C HUM II0 YeThIpe pa3a 6pasuch mpobsl Macia
JJ1S1 OLIeHKH KOHLIEHTPALIUK MeXaHUYeCKUX IPHMeCer:
Yepe3 TPH MHUHYTHI OT Ha4dala XOJIOAHOMN PHUPAbOTKH,
II0CJIe XOJIOAHO U I10CTIe TOpsiuer IIPUPaboTKH, a TAKKe
I0C/Ie UCIIBITAHUS Ha U3HOCOCTOMKOCTb. I1lepoxoBaToCTh
LMIMHAPUYECKHUX [I0BEPXHOCTEH MOPIIHEeBBIX KOJIEll,
BKJIaJbIIIel KOPeHHBIX M IAaTyHHBIX OJUIMIIHHUKOB
T0 U II0CTIe TIPUPAbOTKHU OLleHUBAIH IIPOPUIOMETPOM
Surtronic-3P ¢pupmsl Taylor Hobson (laHmus).

HccemoBaHU s IIPOBECHEL HA ONHOM JBUTaTeIe BHY-
TpeHHero cropaHus (JIBC). K Kaxk[oMy UCIILITAHHUIO €ro
cobrpanu C HOBBIMHU A€Ta/ISIMU LIHJIMHAPOIOPIIHEBOK
TPYIIBl, HOBBIMH BTY/IKAMU BepXHeL TOJI0BKU U BKJIa-
OBIIIAMH IIaTyHA. Bo Bcex ciydasx 6eMUT BBOSUITH B

and wear, are used for initial
period of the normal operation

characteristics of new and
refurbished diesel engines in
normal operation mode it is
possible to use the special tribo-
material - restorative anti-fric-
tion and anti-wear additives for
motor oils. The use of additives
allows, without compromis-
ing the operating parameters
of the oils, not only to improve
performance of the engine, but
in some cases, to extend its
life, owing to the forming of
anti-friction structure on the

To date, many different addi-
tives are developed, which can
be used in different periods of
operation of the machines. In
particular, additives are devel-
oped for running-in of the new
or repaired assembly that max-
imize the fit of parts in the
mates, optimization of rough-
ness of working surfaces of parts
and, as a result, minimization
of friction and increasing of
durability. Tribo-materials that
reduce the coefficient of friction

after repair of engines. For sub-
sequent period of operation the
repair-and-renewal compositions
are developed, which restore the
geometry of the parts in the
zone of wear and compensate
the increased clearances [1-3].
In the places of friction a com-
posite layer is created under the
influence of local temperature
and pressure. This layer consists
of products of decomposition of
the additives, the material of the
surface and oil. As a result, the
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MadJIo IIpH HeIIpepbIBHOM PACTHPAHHUH METOAOM I10Ciie-
JA0BATEJIbHOI'O paB6aBJ'IeHI/I$[.

NCCNEAOBAHUA CTPYKTYPbI, TEPMUYECKUX

U TPUBOTEXHUYECKUX CBOWCTB BEMUTA

HccnenoBanu pasHsele IapTUH 6eMUTA, [10y4YeHHOTO
MeTOLOM THIpPOTepMaJIbHOTO CUHTe3a. Ero oTnu-
YUTEeIbHON 0COO@HHOCTBIO SIBISETCS BBICOKAS CTe-
IIeHb OJHOPOJLHOCTH, CTAabHIBHOCTD COCTaBa U CTPYK-
TYpbl Pa3HBIX MapTHH. IIo JaHHBIM peHTreHodaso-
BOTO U IIeTPOrpaduruecKoro aHajlMu3oB, B OTIIMUYHE
OT IIOPOIIKOB I'M/IPOKCHU/IOB aIIOMHUHHU I KaTaIUu3aTOP-
HBIX [IPOK3BOACTB, 6€MUT rUAPOTEPMalbHOTO CHH-
Te3a XOPOIlOo 3aKPUCTAJIM30BaH U COCTOUT U3 MOHO-
rupokcuza anoMuHus AIOOH. [ToTepu mpu mpo-
KaJIUBAaHUU COOTBETCTBYIOT CTeXHMOMETPHUYECKUM
15 mac.% (puc.l). IIpouecc cuHTe3a gopaboTaH Ang
[OJIyuUeHUsI IOPOLUIKOB BBICOKOM UMCTOTHL - IO faH-
HBIM CIIeKTPa/IbHOIO aHalK3a, [IPU UCIO0Jb30BAHUU
MOpOIIKa aTIOMHUHUS BBICOKOK YHCTOTHI U JeHOHH-
3UPOBAaHHOM BOABI COAEpP>)KaHHe IPUMeCeH He IIPeBbl-
maet 0,07 mac.%.

I[Tpu TepMo0bpaboTke GeMUTA BEIZETIEHHE BOABI HAUU-
HaeTrcq mpu 350-400°C 1 COIIPOBOKAALTCS pas3pyiile-
HHeM KPUCTAJIIMYeCKOM CTPYKTYphl ¢ 06pa3oBaHUeM
6e3BOomHBIX POPM OKCHAA ATIOMHUHUS ~ TAMMa, [Ie/IbIa,
aneda u Ap. (tabn.l). Habmogaomuics pocT yoeTbHOkN
IIOBEPXHOCTH 00YC/IOB/IeH pa3pylIeHHeM CTPYKTYPhI
Y M3MeJIbUeHHeM YacTHL. [lanpHelIlee yMeHbIIeHHe
[IOBEPXHOCTH IIPOMCXOAUT B pe3y/bTaTe ClIeKaHUS U
pexpucTa/in3anui. I1o JTaHHBIM [IeTPorpadruecKoro u
PeHTreHoda30BOro aHa/IN30B, IIpH 1300°C 3aBepIaeTcs
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Puc.1. 3asucumocmb yoeabHoU nogepxHocmu (Sya) u nomepu
maccel (Ap) om memnepamypbl 06Xku2a: 1 — nomepsi maccei;
2 - y0enbHAs N08EPXHOCMb

Fig.1. Temperature dependence of the specific surface (S,) and
the mass loss (Ap): 1 - mass loss; 2 - specific surface

Tiepexof] B A-OKCH/T ATIIOMHUHUS - KOPYHZ,. [Tomo6HBIe ITpo-
LIeCCBI MOT'YT IIPOMCXONMTE B KOHTAKTHOM 30He TPeHHM4,
r/ie TeMIIePATyPhl JOCTHUTAIOT COTEH I'PayCoB K JOXOASAT
710 1000°C. B pesyabTaTe Ha [IOBEPXHOCTH TPEHU S MOXKET
IIPOMCXOIUTH pa3nokeHue beMuTa ¢ ob6pasoBaHUEM
KopyHJa. HeManoBaskHYIO PoJib B Ga30BhIX IIpeBpale-
HUSAX MOI'YT UI'PaTh U MeXaHUUYeCKHe HAIIPSKeHUs B
MeCTax COIIPUKOCHOBEHH S JleTajier, TeMIlepaTypa OBbI-
ImaeTcst U B o6beMe MeTasljla OKOJIO 30HBI TPEeHUS ~ U3Me-
peHus 11oKkasanu 70-100°C.

formed gap decreases and the
unit resource increases.

Many tribo-materials con-
tain active natural compo-
nents, which are heterogeneous
in chemical and mineralogi-
cal composition, what leads to
variation in tribological prop-
erties and may even cause the
units failure. This forces devel-
opers to look artificial tribo-
materials with stable properties
[4]. Such additives can be cre-
ated based on monohydroxy alu-
minum (boehmite), an artifi-
cial material with stable prop-
erties. Like graphite and molyb-
denum disulfide, the boehmite
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has a layered structure, which
effectively reduce the friction.
In these compounds the connec-
tion is strong in the plane of the
layer (covalent or ionic) and sig-
nificantly less strong in the per-
pendicular plane (metallic, van
Der Waals forces or hydrogen, as
in the boehmite). This structure
provides a sliding of the layers
relative to each other and a low
coefficient of friction. The basis
of the structure of boehmite cre-
ate alternating pairs of oxygen
(internal) and hydroxyl (exter-
nal) layers. The aluminum atoms
in the crystal lattice of boehm-
ite are surrounded by a deformed

octahedral group of oxygen
atoms. The studies showed the
good potential of boehmite as a
tribo-material [5].

The aim of this study was to
estimate the structure, ther-
mal and tribological proper-
ties of nanostructured boehmite
obtained by hydrothermal syn-
thesis, for different periods of
operation of the engine.

MATERIALS AND METHODS

A powder of boehmite was used
that was obtained by hydro-
thermal oxidation of alumi-
num powder [6]. The microstruc-
ture of powder was determined
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Tabauya 1. Vi3meHeHue cpykmypbl NOPOLWKA npu mepmoobpabomke
Table1. Changes in the structure of the powder after heat treatment

®dazoBbii
cocTas

YpenoHas
nosepx-
Phase HOCTb, M2/r
composi- Specific sur-
tion ace, m?/g

Pa3smep Kpu-

O6paseu cTannuTa,

Sample

HM
Crystalllte
size, nm

o ety | VAIQOH | 753 32

OBxur npns00°C | LAFCY ms 73

Baking at 500°C y-AI%)a'H , )

oo | ymo. | ss | ag
o | a-ALO;,

gaﬁ?i< rl?gr at 1%]5%22 ¢ 8_‘2583 31,9 29,8

(E?g?i( r?glJ— gf 11/_%2)3()(‘)’(():0C a-AlO; 6,8 83,9

[lo ;aHHBIM PEHTreHOCTPYKTYPHOTO aHajIM3a,
06/1aCTh KOTePEHTHOTI'0 pacCessHHU s, XapaKTepHU3yoas
Ppa3Mep KPHUCTAJJIOB UCXOMHOrO IIOPOIIKA, COCTAB/SIA
20-40 HM 1151 pa3HBIX ITAPTHUH IIOPOIIKA U He IIPeBbIIasIa
80 HM. Ha ckaHHpYyOIIeM MHKPOCKOIIe MOKHO OBIIO
Hab/II0AaTh KaK OTAeIbHbIe YaCTHLBI, TAK U arPerarTsl
YaCTHI] IPEUMYIIECTBEHHO Pa3MepoM 2-3 MKM, MaKCH-
MaJIBHO — 10 10 MKM. TakuM 0b6pa3oM, 6eMUT rUapoTep-
MaJIbHOTO CUHTe3a MOXKHO XapaKTepH30BaTh KaK HAHO-
CTPYKTYPHBII MaTepHal.

HccnegoBanus Ha YIIIMT rokasasu, 4To BBeeHHe 1%
OeMHTa B MOTOPHOe, MH/yCTPHa/IbHOE U PaIICoBOe Macja
yMeHbIIIAeT AUAMETP IISATHA U3HOCA [0 34% IIpU TeMIIe-
patype 150°C, a 111 HeKOTOPBIX Macesl — ¥ IIPU KOMHAT-
HOM TeMIlepatype (Tabi.2).

HcripITaHUS Ha 3aIUP Ha CIIelIHaIbHOM ITPHCIIocobiie-
HUU GupMbl Wagner rokasasu, 4To BBeleHHe beMUTa
IOBHIIIAET IPOTHBOU3HOCHBIE U IIPOTHUBO3aJHPHEIE
CBOMCTBA!

* BpeMs OIIBITA [I0 331 Pa ~ OCTAHOBKH 3/IEKTPOBHTA-
TeJIs yBeTMYHIOCh Ha 37-40%;

* 10TpebrsieMBIi TOK 3/IeKTPOABUIATEISI YMEHBIIHJICS
Ha 15-20%;

* yCHJIMe IIPHKKMa 06pasiia K KOHTp-obpasily [0 mos-
HOU OCTaHOBKH 3/IeKTPOJIBUIATeIsl YBeTUYMJIOCh Ha
40-50%;

* BeJIMYMHA M3HOCA 06pa3lia yMeHbIIHIACh Ha 15-20%.
TpuboTeXHHUYeCKHe CBOMCTBA IIJIACTUYHBIX CMa30K,

KyJa BBOAUIK 6eMUT B KauecTBe 3aTyCTUTeNs, OIIpe-

nensau Takxke Ha YIIMT. Jlobasnenue 10% mopomka

6eMHMTa ylIydIIHI0 KaK INPOTHBOU3HOCHBIE CBOM-

CTBa (KpUTHYECKasl HarpysKa yBeJIH4YHMIach C 863 10

1570 H), Tak ¥ IIpOTHBO3aAUPHBIE CBOMCTBA (Harpyska

CBapHBaHMUS BbIpocia ¢ 1471 o 1962 H), a uHaekc 3aaupa

c43 10 62 eTUHUII.

Ha mamune tpenus 2070 CMT-1 IpoBOSHIIN HCIIBI-
TaHMS 10 CXeMe YCTAaHOBKU U HaTpy>KeHHUs 06pa31ioB
"ponuk-konofka". YacToTa BpaIleHHUs Bajla MAIIKHBI
coctaisina 1000 MUH", KOJIOAKY BbIpe3au U3 TUJIb3bL
uunuHapa ausens [1-240. McroplTaHUS MOTOPHOIO
Macia M-10IM c mobaBkoit 6emuTa mocie Y30 moka-
3a5H, 410 0,5% moponika 6eMHUTa yMeHbIIA0T K03 u-

using optical and scanning
probe microscopes SolverNext
(NT-MDT); the chemical com-
position was determined using
atomic emission spectrometer
with inductively-coupled plasma
iCAP 6300MFCDuo (boehmite
powder was dissolved in hydro-
fluoric acid); phase composition,
crystallinity and size of crystals
was determined using x-ray dif-
fractometer Shimadzu XRD 6000
(Japan); specific surface area was
determined by method of low-
temperature nitrogen adsorp-
tion using Autosorb-1 device.
Tribological studies were con-
ducted using four-ball friction

machine, a special device by
Wagner, as well as 2070 SMT-1
and MTU friction machines.
Running-in of a new D-243 die-
sel engine was performed on a
modernized test bench CI-3540-
GOSNITI. Crankcase emissions
was measured by the gas meter,
continuously measuring fuel
consumption. The control system
allowed to register in time with a
given counts increment the vari-
ation of speed of the motor shaft,
torque on shaft, oil pressure in
the engine lubrication system,
oil temperature, water tempera-
ture in the cooling system of the
engine, fuel consumption. Oil

samples were taken to estimate
the concentration of mechani-
cal impurities during running-
in without boehmite and with
him four times: after three min-
utes from the start of cold run-
ning-in, after cold and after hot
running-in, and after the test
for durability. The Surtronic-3P
profilometer (Taylor Hobson,
Denmark) was used to estimate
the roughness of the cylindrical
surfaces of piston rings, inserts
of base and crankpin bearings
before and after running-in.
Researches are conducted with
use of only one engine. Before
each test it was assembled with
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Tabauya 2. Pesyabmamsl ucnbimanutl Ha YLUMT
Table 2. Tests on four-ball friction machine

AuameTp NsATHa U3HOCA, MM
Wear scar diameter, mm

Bua macna, KoJiM4ecTso

UcnbiTaHus
06aBKM
oil tApe, e WcnbiTaHus npm
of additive npuTeMnepa- Temneparype
TYpe 20°C 150 °C
Tests at 20°C Tests at
150°C
Macno moTopHoe M-10 M2k
M-10 G2K motor oil O AL
M-10 2k + 1% 6emuTa 0,20 018

M-10 G2K + 1% of boehmite

Macno nHaycrpmanbHoe
N-20A - 0,33
I-20A industrial oil

M-20A +1% 6emnta

I-20A +1% of boehmite - ez

LIMeHT TpeHus 10 0,05, a TeMIlepaTypy B 30He TPeHHUS — C
54 mo 45°C.

Ha mamuHe TpeHUSI MTY OpPOBOIHIIY HCIIBITAHHUS
Mapbl TPEHU S 'TIACTUHA-PONUK' (MaTepuan Ct.10). Kak
BUIHO K3 Tabj1.3, BBeZmeH e okoio 0,01% 6eMUTa B UHY-
CTpHaJibHOe Maciio M-20 yMeHbIlIaeT M3HOC pPO/IKKa B 5,9
Pas, a IIaCTHUHEI - B 5,6 pa3. B conuposie mpyu KOHLIEHTpa-
LIMH OKOJIO 9% M3HOC YMEHBIIHUJICS COOTBEeTCTBeHHO B 2,1 1
2,8 pa3. KopyHI0BbIH IIOPOILIOK B CMa3Ke (KOHLIEHTPALIHs
OKOJIO 2,4%) mposiBisieT abpa3uBHbIe CBOMCTBA, YTO [IPHU-
BOJHUT K BO3PaCTaHUIO U3HOCA.

CpaBHHTe/IbHBIE MCIIBITAHUS UCIOIB3YIOMIUXCS B
HacTosiliee BpeMs TPUOOIIperlapaToB IIOKa3alH, YTO

Tabauua 3. Pe3yabmamsl mpubomexHu4ecKUx Ucnbimaxud
Table 3. Results of tribological tests

U3HOC
nna- Temnepatypa
CocTaB CMa3Km CTUHBI, cpeapbl, °C
Lubricant Mr Ambient
composition the roller. tweeglrac;fe temperature,
mg
n-20
1-20 9,4 5,6 25-30
1-20 (50 mn) +
6emuT (7,6 Mr) :
1-20 (50 ml) + boe- e o S
hmite (7,6 mg)
Connpgon X
Sallicl ol 4.2 6,1 25-30
Conugon (1r) +
A1,0,(0,025T) i
solidoil 1g) +ALO, | 40 8.0 4045
(0.025 g)
Conugon (1r) +
6emut (0,11) _
Solid oil (1 g) + boe- 2.0 2.2 2520
hmite (0,19)

Haubonee 3¢pPpeKTUBHE MHOTOKOMIIOHE@HTHBIE COCTABEI,
copepskalye, KpoMe CMeCH MHUHEPaJIoB, MeTa/lJIoopra-
HHYeCcKoe [I0OBEPXHOCTHO-aKTHBHOe BellecTBo (ITAB).
HaHOCTPYKTYpHBII 6eMUT B KOMIIO3UIKH C [TAB, moa-
BEPrHYTHIH YIBTPa3ByKoBoM 0bpaboTke (Y30), IOBHI-
CHJI HAarpy304YHYIO CIIOCOOHOCTSH ITaphl B CPABHEHUH C
Maciaom boee ueM B2 pa3a U B 1,8 pasa - 1o CpaBHEHHUIO
€ cocTaBoM, comepskamum bemur 6e3 Y30 u IIAB. B
pesy/bTaTe, B Aualla3oHe AaBneHU 200-550 H koaddu-
LIMEeHT TpeHUs yMeHbImIcs 1o 0,044-0,05 (pHc.Z).

new parts of cylinder group, new
upper head bushings and con-
necting rod inserts. In all cases,
the boehmite was added into the
oil with continuous rubbing by
the method of serial dilutions.

STUDY OF THE STRUCTURE,
THERMAL AND TRIBOLOGICAL
PROPERTIES OF BOEHMITE
Different batches of boehmite
obtained by hydrothermal syn-
thesis were used. Its distinguish-
ing feature is the high degree of
homogeneity, the stability of
composition and structure in dif-
ferent batches. According to x-ray
diffraction and petrographic
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analyses, in contrast to the pow-
ders of aluminum hydroxide, the
boehmite of hydrothermal syn-
thesis is well crystallized and
consists of monohydrated alu-
minum AlOOH. Loss on igni-
tion corresponds to the stoichio-
metric 15 wt.% (fig. 1). The syn-
thesis process was modified to
obtain powders of high purity.
According to the spectral analy-
sis, when using aluminum pow-
der of high purity and deionized
water, the impurity content does
not exceed of 0.07 wt.%.

During heat treatment of
boehmite, the release of water
begins at 350-400 °C and is

accompanied by the destruction
of the crystal structure with the
formation of anhydrous forms of
aluminum oxide - gamma, delta,
alpha and others (table.1). The
observed increase in specific sur-
face area caused by the destruc-
tion of structure and particle
size reduction. Further reduction
of the surface occurs as a result
of sintering and recrystalliza-
tion. According to petrographic
and x-ray diffraction analysis,
the transition into a-aluminum
oxide (corundum) completes at
1300°C. Similar processes can
occur in the contact area of fric-
tion, where temperatures reach
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KTp P, MMa | MPa
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Puc.2. Kos¢pduyuenm mpeHus napbl "XpomMupo8aHHbIll po-
AUK-YY2yHHAs KoAodKa" Ha mawuHe mpeHusi CMT-1 8 ycaosusix
cmyneH4yamozo Hazpy>keHus (dAUMeAbHOCMb N0 5 MUH, CKO-
pocmb 3,14 m/c): 1 - yucmoe macao M-104M; 2 - 0,5% macc.
bemuma 6e3 Y30; 3 - npenapam "Cmpubotia” + 0,5% macc. be-
muma nocae ¥Y30; 4 — conb medu XXUpHbIX Kucnom +0,5% macc.
bemuma nocne Y30

Fig.2. The coefficient of friction for the “"chrome plated roller-
cast iron shoe" pair on the SMT-1 friction machine during step-
wise loading (duration of 5 min, the speed of 3,14 m/s): 1 - pure
M-10DM oil; 2 - 0.5 wt.% of boehmite without the ultrasonic
treatment; 3 - Striboil compound + 0.5 wt.% of boehmite after
the ultrasonic treatment; 4 - copper salt of fatty acid + 0.5 wt.%

0074 R L / / 24
0,06 ’ z 2.3
0O 10 20 30 40 50 60 70 80
0,05 N T, MUH | Min
0,04
1002000 300 400 500 6CO N Puc.3. JuHamuka KomMnpeccuu npu npupabomke du3eas [1-243:

1 - 6e3 npucadku; 2 - ¢ npucadkol bemuma
Fig.3. Dynamics of compression in D-243 diesel engine running-
in: 1 — without additives; 2 — with boehmite

Y30 u3Menb4aeT arperatel 6eMHUTA U IOBBIIIAET
YCTOMYHBOCTb CyCIIeH3UH. [I0BBIIIEHHUIO aIrPeraTuB-
HOM yCTOMYMBOCTHU crocobcTByeT U nobaBka I1AB.
Be3 takon obpaborku u nobaBku IIAB MoxeT mpo-
HCXONUTD PACC/IOCHHUE CYCIIeH3UH IIPU ATHUTETbHOM
XpaHeHHUH. HU3KHUI KO3QOUILIMEHT TPeHHUSI U H3HOC
(ompemensiu Mo AJHHEe JIYHKHU U3HOCA) IIO3BOISIOT
IpenIoaoKUTh 601bIION pecypc Tpubocompske-
HUH. JlobaBKa HAHOCTPYKTYpPHOro 6eMHUTa IIOBBICHIIA
3 $eKTUBHOCTD UCCIeYeMBIX IIPOMBIIIIEHHBIX TPH-

of boehmite after ultrasonic treatment

hundreds of degrees and reach
up to 1000°C. As a result, decom-
position of the boehmite may
occur on the friction surface
with the formation of corundum.
Mechanical stress in contact area
can play an important role in
phase transformations. The tem-
perature rises also in the vol-
ume of metal around the zone of
friction (measurements showed
70-100°C).

According to x-ray diffrac-
tion, coherent scattering area,
which characterizes the size of
the crystals of the initial pow-
der, was 20-40 nm for different
batches of powder and did not

borrpemnapaTos.

exceed 80 nm. Scanning micro-
scope enabled to observe separate
particles and aggregates of parti-
cles predominantly of 2-3 microns
in size, and up to 10 microns.
Thus, the boehmite of hydrother-
mal synthesis can be defined as a
nanostructured material.
Research on four-ball friction
machine showed that the intro-
duction of 1% of the boehmite in
the engine, industrial and rape-
seed oil reduces the wear scar
diameter of up to 34% at a temper-
ature of 150°C, and at room tem-
perature for certain oils (table.2).
Scuffing test using special
device by Wagner showed that

the introduction of boehmite

improves the antiwear and anti-

welding properties:

« the time until the scuff-
ing (stop) of the motor motor
increased by 37 to 40%;

e current consumption of the
electric motor decreased by
15-20%;

« the pressing force of the sam-
ple to counter until a complete
stop of the motor increased by
40-50%;

« the amount of wear of the sam-
ple decreased by 15-20%.
Tribological properties of

greases with the boehmite as a

thickener, were also determined

#6/60/2015 NANO INDUSTRY
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Ra, MKM | um
2,2
2
1,8
1,6
1,4
1,2
1
0,8
0,6
0,4
0.2
0

LLIaTyHHble BKNAAbILLIN
Connecting rod bushings

MopluHeBble KObLA
Piston rings

Puc.4. 3meHeHue wepoxosamocmu nogepxHocmel demanel
npu pasHeix npupabomkax: 1 - do npupabomku; 2 - nocae npu-
pabomku 6e3 npucadku; 3 = nocae npupabomku ¢ npucadkou
bemuma

Fig.4. Changing of surface roughness of parts by running-in in
different conditions: 1 - before running-in; 2 - after running-in
without additive; 3 - after running-in with boehmite

[IpupaboTka gu3sens [-243 IpU UCIIOAb30BAHUU
GeMHTa [0Ka3asa CTabMIM3aLI1I0 KOMITPECCHH B ITU/THH-
Ipax Ha ypoBHe 3,0 MIla yepe3 30-40 MuH. be3 6emuTa
IJ1s1 9STUX 3HauUeHU I KOMIIPeCcCHHU TpeboBasIoch He MeHee
80 muH (puc.3). IllepoxoBaTOCTh BK/IA/IBIIIEL K TIOPIIHE-
BBIX KOJIeL] ITocyIe IpupaboTku 6e3 6emuTa bomblie, yem

C, Mac. % | wt. %
0,09

0,08
0,07
0,06
0,05
0,04
0,03
0,02
0,01

0

2 3

Craauu nprpaboTkm
Running-in stages

Puc.5. CodepxxaHue mexaHu4yeckux npumeceli 8 Macae npu pas-
HblX npupabomkax: 1 — 4epe3 3 MUH NocAe Ha4aAd X0N00HOU
npupabomku; 2 - KOHel, X0A00HOU npupabomku; 3 = KoHe, 20-
psivell npupabomku; 4 — KOHeU ucnbimanul Ha u3Hococmol-
Kocmb; * = npupabomka ¢ npucadkol 6emuma

Fig.5. Content of mechanical impurities in oil by running-in in
different conditions: 1 - 3 min after start of cold running-in; 2 -
the end of cold running-in; 3 - end of hot running-in; 4 - end of
the durability testing; * running-in with boehmite

c HUM B 1,38-1,65 pasa (puc.4). ComepskaHHe MeXaHHYe-
CKHX ITPHMeceH B MacJie [P Pa3HbIX TPUPAOOTKAX IIPH-
BeJIeHO Ha PHC.5, 2 PACXOL KAPTEPHBIX Ta30B — HA PUC.6.
U3 sKCIIepuMeHTa/IbHBIX JAHHBIX CJIe[lyeT, YTO II0C/Ie
XOJIOLHOM IIPUPabOTKU ¢ 6eMUTOM CYyMMapHBII H3HOC
COIIPSKEHMI U3ens Ha 34% 6osnblie, YeM IIPU MPHU-

using four-ball friction machine.
Adding of 10% of a powder of
boehmite has improved anti-
wear properties (critical load
increased from 863 N to 1570
N) and antiwelding properties
(welding load increased from
1471 N to 1962 N, while the scuff-
ing index increased from 43 to 62
units).

Using the 2070 SMT-1 fric-
tion machine the testing was
performed according to the
scheme of loading "roller-shoe".
The shaft speed of the machine
was 1000 min?, the shoe was
cut from a cylinder liner of the
D-240 diesel engine. The test of
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the M-10DM engine oil with the
addition of boehmite after the
ultrasonic machining showed
that 0.5% of the boehmite pow-
der reduces the friction coeffi-
cient to 0.05, and the tempera-
ture in the friction zone - from
54 to 45°C.

The testing of the friction pair
"plate-roller" (steel St10) was per-
formed using the MTU friction
machine. As can be seen from
the table.3, addition of about
0.01% boehmite in the indus-
trial oil I-20 reduces the wear of
the roller in 5.9 times, and of the
plate - in 5.6 times. In the solid
oil at a concentration of about 9%

the wear decreased, respectively,
in 2.1 and 2.8 times. Corundum
powder in the lubricant (concen-
tration of about 2.4 %) has abra-
sive properties, which leads to
increased wear.

Comparative tests of the up-
to-date tribo-materials has
shown that the most effec-
tive are multi-component for-
mulations containing, in addi-
tion to the mixture of miner-
als, organometallic surface-
active agents (surfactants).
Nanostructured boehmite in
the composition with surfac-
tant after ultrasonic treatment
increased the load capacity of
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pabotke 6e3 Hero, HO CyMMapHBII M3HOC 32 BCIO IIPH-
paboTky c bemuTOoM Ha 5,8% MeHbIle. PacueT BpeMeHHU
npupaboTKH, He0OXOMHUMOro Ha yBeTHUYeHHe COfepsKa-
HHS MeXaHHU4YeCKHX IIpHMecer B Macjle Ha OfUH IIpo-
LIeHT, [I0Ka3aJI [TOBBIIIeHHe H3HOCOCTOMKOCTH COIIPSKe-
HUU IBUTATeNs Ha 22% (c 27,77 4/% npu nipupaboTke be3
IIPUCAAKHU 10 35,71 4/ %). B Lle/1oM BBOJ, OeMIMTa IIOBBICHII
K3HOCOCTOMKOCTb IM3e/Isl K YMEHBIIHJI IIPUPAO0TOUHBIE
n3Hoc. Yepe3 60 MUH IPUPAOOTKU U3HOC IIEPBOTO KOM-
IIPeCCHOHHOT0 KOJIbLIA C HCII0/Ib30BaHHEeM beMHTa OBLI
MeHBbIIIe B 2 pa3a, pacxol KapTepHBIX ra3oB - B 1,6 pas, a
TeMIepaTypa macjia - Ha 15-20°C.

MaxkcuManbHas 3¢beKTUBHASL MOLIHOCTD OU3ed,
npupaboraHHOro B TedyeHHe 90 MHUH Ha Macie C
6bemMuTOM, cocTaBuiaa 52,5 kBT, yIelbHBIN PaCXO[
TOm/IMBA - 257 I/A.Cc.4., 4To GAM3KO K IIOKA3aTelsIM
nu3sens rocsie 50-100 4 paboTsl. A IIpU IPHpPabOTKe ABH-
raTtejs Ha IIPOCTOM Macjie B TeUeHHe TeX ke 90 MHH ero
HauboJIbIIas MOLIHOCTD ObI1a 0K0JIO 45 KBT, yneanmfI
pacxop, ToriuBa — okoso 270 r/i.c.4. ITocse 120 MHH M3HOC
[IePBOr0 KOMIIPECCHOHHOI'O KOJIbIIA OKA3aJICS MEHBIIIe B
2,5pa3sa, a pacxof KapTepHbIX Ia30B ~ Ha 12,7%.

Jlanee nu3enp paboTasn ¢ mepeMeHHOM HAarpy3KoH
70 4: 30 1 c BO3pacTaloller Harpy3Kokl, 0CTaIbHOe BpeMs
Cc Harpy3skom 50 kBT mpu 1800 06/MHH. B KOHIIe UCIIBITA-
HHUMU CyLeCTBEHHOM Pa3HHUIIL B H3HOCE BepPXHET0 KOM-
[IPeCCHOHHOI0 KOJbIIa B 000KX C/1y4asx He BBISIBJIEHO.
CpenHHUM PacXof KapTepHBIX Ia30B IIPH HCII0Ib30Ba-
HUU 6eMuTa coctasasi 11,0 I/MUH, a ¢ 0O6BIYHBIM Mac-
JioM - 12,6 JI/MUH.

B LieioM ucronb3oBaHHe 6eMUTA YMEHBIIH/IO BpeMst
IOJTHOM NpupaboTku nu3ens [1-243 B 1,8-2 pa3a, Hadyasb

Q,
N/MUH
I/min 1
12

\
10

P I -y 80

/1/.// 60
2
40

0 40 80 120 T,mMuH|min

Puc.6. lJuHamuka pacxoda kapmepHbix 2azoe (Q) u memne-
pamypel macaa (T) npu npupa6omke du3seas [1-243 Ha macae
M-G3/14T 6e3 npucadok (1) u ¢ npucadkoli bemuma (2)

Fig.6. Dynamics of crankcase emissions (Q) and oil tempera-
ture (T) during running-in of D-243 diesel engine with use of
M-63/14G oil without additives (1) and with boehmite (2)

HBIH M3HOC [I€PBOr0 KOMITPeCCHOHHOI0 KO/Iblia ~ B 2,5 pasa,

pacxon KapTepHbIX Fa30B — Ha 12,7%, a Maciia - Ha 27%.
[IppHMMas BO BHIMaHUe II0TI0KeHU S TPUOOoIoruHy,

pornb 6eMuTa B TpUbOCPe/ie CO CTAaHAAPTHBIMU CMa3KaMHU

MOYKHO CBECTH K CJIeyIOIIEeMY:

+ mopamnr$oBKa II0OBEPXHOCTeN TPeHU s, IIOBbIIIeHHe
YHCTOTHI [I0BEPXHOCTEH, CHH)KeHHe MeXaHHu4eCKon
COCTAB/ISOIIEN KO3QPUITEeHTa TPeHUS;

the pair, in comparison with the
oil, in more than 2 times and
in 1.8 times compared with the
composition containing boehm-
ite without the ultrasonic treat-
ment and surfactants. As a
result, in the pressure range
from 200 N to 550 N the coeffi-
cient of friction decreased to
0.044-0.05 (fig.2).

Ultrasonic treatment reduces
size of aggregates of boehm-
ite and improves the stability of
the suspension. Surfactant also
contributes to aggregate stabil-
ity. Without this treatment and
surfactants can occur stratifi-
cation of the suspension during

storage. Low coefficient of fric-
tion and low wear (determined
by the length of the hole of the
wear) suggest long life of friction
units. Nanostructured boehmite
additive improved the efficiency
of the investigated industrial
tribo-materials.

Running-in of the D-243 die-
sel engine with use of boehmite
showed stabilization of the com-
pression in the cylinders at the
level of 3.0 MPa after 30-40 min.
Without boehmite for these val-
ues of compression was required
not less than 80 min (fig.3).
The roughness of the liners and
piston rings after running-in

without boehmite is greater
than with him in 1.38-1.65 times
(fig.4). Content of mechani-
cal impurities in oil is shown in
fig.5, and the crankcase emis-
sions - in fig.6.

Experiments show that after
the cold running-in with the
boehmite total wear of mates
of the diesel is 34% higher than
when running without boehm-
ite, but the total wear during the
entire running-in with boehm-
ite is 5.8% less. The calculation
of the running time required to
increase the content of mechani-
cal impurities in oil by one per-
cent, showed improvement in

#6/60/2015 NANO INDUSTRY



HAHOMATEPUADbI

* OYHCTKaA HOBerHOCTEI;I TpeHHs 0T Ha.CJ'IOGHI/II:I, OKCH [~
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the wear resistance of the mat-
ing of the engine by 22% (27.77
h/% while running-in without
additives to 35.71 h/%). In gen-
eral, the addition of the boehm-
ite increased the durability of
diesel and reduced running-in
wear. After 60 min running-in
the wear of the first compres-
sion ring with the use of boehm-
ite was less in 2 times, the crank-
case emissions - less in 1.6 times,
and the oil temperature - less by
15-20°C.

The maximum effective power
of diesel after 90 min. of run-
ning-in with use of oil with
boehmite was 52.5 kW, and
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specific fuel consumption was
257 g/l, what is close to the per-
formance of a diesel engine after
50-100 hours of work. And after
90 min. of running-in with use
of oil without additives the max-
imum power was about 45 kW,
and the specific fuel consump-
tion was about 270 g/l. After 120
min. the wear of the first com-
pression ring was less in 2.5
times, and crankcase emissions -
less by 12.7 %.

Further, the diesel engine was
running with variable load dur-
ing 70 h: 30 h with increasing
load, the rest of the time with
load of 50 kW at 1800 rpm. The

test showed no significant differ-
ence in wear of top compression
rings in both cases. The average
crankcase emissions when using
boehmite was 11.0 I/min, and
when using a conventional oil -
12.6 I/min.

In general, the use of boehm-
ite decreased the time of the full
running-in of D-243 diesel engine
in 1.8-2 times, initial wear of
the first compression ring in
2.5 times, the flow of crankcase
emissions by 12.7%, oil consump-
tion by 27 %.

Taking into account the knowl-
edge about tribology, the role of
the boehmite in an environment



TATAPCTAH W HOPBEI1a UCCIIEAYIOT

B/IMAHUE HAHOTPYBOK HA YE/IOBEKA

8 CeHTAbps LieHTp HaHoTexHonormi Pecny6nky TatapcraH noceTnn npes-
CTABUTEN  HOPBEXKCKOTO WHCTUTYTA  0BLIECTBEHHOTO 3a0poBbs (OCno).
Pe3ynbTaToM BU3NTA CT/IM JOTOBOPEHHOCTD 06 MCCNe0BaHMM Ha 6a3e HaHO-
LieHTP QY3MKO-XUMUYECKMX CBOVCTB PA3NNYHBIX TUMOB HAHOTPY6OK.

BcTpeya Havanach € 3KCKYpCN MO AHAMTUYECKO-MCCIRA0BaTENbCKOMY
KOM/IEKCY. IKCNEpT HaHoLeHTpa EneHa BopoHYHa 1 Apyrite COTPYAHNKY NOKa-
3/ BO3MOXHOCTY /1a6opaTopHOro 060pyAoBaHys A1g UCUIeA0BaHNiA B 0bna-
CTW 3KONOTMYECKO MERULVHDI, GapMaLeBTU4eCKON TOKCUKONOTMM, 3arpsi3-
HeHus Bo3ayxa. "ONTMMabHbIA MPUBOP AN STUX LENel — MHPOPMALMOHHIIA
Kkomnnexc MUM-340 Ha 6ase N1a3epHOro KOHGOKILHOMO MMKPOCKOMa HOBOMO
MoKONeHNs. Ero YCTaHOBIA Y HaC ANsl TCTMPOBAHIS POCCUACKVIA Pa3paboTymk
ONTUKO-3N1EKTPOHHOM annapaTypbl — XONAvHT “LLIBa6e", — mosichnn AMUTpuiA
MaLwmH, reHepabHbIA AMpeKTop LIeHTpa HaHoTeXHoAor it PT.

[upekTop oTaena arMoc(epHoro 3arpssHeHus W wyma fMep Llsapue
KOHCTaTVpOBaN BKHOCTb MCCNENO0BAHNI B 06M1ACTI TOKCMKONOTMM, B YaCT-
HOCTW, OMpefeneHus BAUSHUS TOKCUYeckux 3QEeKToB YrepoaHbIX HaHo-
TpybOK Ha PabOTHMKOB MPOW3BOACTBEHHDLIX MpeanpusiTUiA. MarHe PedcHec,
TN1aBHbIA HAy4HbIA COTPYAHMK OTAENA aTMOC(EPHOO 3arpA3HEHNS 1 LLyMA:
"HaHOTOKCMKONOTMS — 3T0 JJOCTAaTO4HO HOBOE HAMpaBlieHWe B Hayke, 0CO-
BEHHO, B 4aCTV 13y4eHMst MONIEKYNSPHO-KNIETOUHDIX MeXaH3MOB. COBMECTHO
€ Ka3aHCK1m rocyHapcTBEHHbIM MESULMHCKMM YHUBEPCUTETOM Mbl MAaHU-
pyem MpoBecTM KOMMANEKCHOE MCCIe0BaHMeE C OLIeHKOI MPOGECCHOHANMbHDIX
3KCMO3MLMA, 0BYCIOBNEHHBIX YINEPOAHLIMIA HAHOTPYOKAMM, U M3y4EHMEM
MOBPEXAEHUA NETOYHON TKAHW. HajeeMcs, YTO HAHOLEHTP Ham B 3TOM
MNOMOMXET".

LleHmp HaHomexHoAozuli PT

NANOMATERIALS

®O0JIbIA C SWCNT-NOKPbITUEM ANA
JINTUEBBIX UCTOYHWUKOB TOKA

Ha BbicTaske The Battery Show 2015 (Muuuran, CLLA) poccuiickas Kom-
naus OCSIAl npeacTasuna ¢onbry TUBALL FOIL Ans ynyuLieHust paspsgHbIx
XapaKTepUCTUK IMTUI-MOHHDIX baTapei.

HOBWHKA MMEeT MOKPbITME M3 OBHOCTEHHLIX YI/IEPOAHBIX HAHOTPY6OK
(SWCNT) TonumHoi meee 100 HM, npuyem ee 3GdeKTUBHOCTb HAMHOTO
BbILLIE NPEACTABNEHHDIX HA PbIHKE aHanoroB ¢ rpadeHom. TUBALL FOIL no3Bo-
NSET YMEeHbLNTH MOBEPXHOCTHOE COMPOTUBEHIME MO CPABHEHMIO C 0BLIYHON
(Oonbrow, ynyywWwaeT aresnto, obecneymsaeT [OCTUXEHME Bonee BbICOKUX
Pa3psiAHbIX TOKOB U 6ObLIMIA CPOK XW3HM 6atapen. STOT MPoAyKT — cnepy-
fowmin war OCSIAl Ha 3HepreTyeckuii puiHok nocne TUBALL BATT, yHuBep-
Ca/IbHOr0 MOAUMUKATOPA A5 XMMUYECKMX MCTOHHUKOB TOKA, YXKe U3BECTHOTO
no cotpyaHnyectsy ¢ CM Partner.

The Battery Show — exerosHoe cobbiTe, BKHHaIoLIEe BLICTABKY 1 KOH-
depeHuuIo, MOCBALLEHHbIE UCTOYHWUKaM 3Heprun. B 3Tom rogy The Battery
Show nocetuno 0koo 5 Thic. CELMANUCTOB.

OCSiAl

with standard greases can be

summarized as follows:

« grinding of the friction sur-
faces, improving surface
smoothness, reducing the
mechanical component of the
friction coefficient;

 cleaning of friction surfaces,
removing oxide films and defect
structures. This ensures access
of the boehmite particles to cat-
alytically active metal surface
and accelerates the formation of
anti-friction coatings;

+ adsorption on the surface of the
boehmite particles of resinous
substances. Created particles
separate the parts ("third body"

in tribosystem) and reduce the
coefficient of friction.

CONCLUSION

Study the structure, thermal
and tribological properties of
boehmite of hydrothermal syn-
thesis, which has a nanocrystal-
line structure, high phase and
chemical purity, has shown that
it has anti-friction, anti-wear
and antiwelding properties. In
compositions with surfactants
and after ultrasonic treatment
it increases the load capacity of
the pair in more than two times,
reduces the friction coefficient to
0.044-0.055.

The addition of boehmite up to
two times accelerates and improves
the quality of engines running-in.
Recommendations are developed
for running-in of engines using
nanostructured boehmite.

The obtained results indicate the
prospects of further research in
this area and of the conducting of
laboratory, bench and operational
tests.

The study was performed with finan-
cial support of Ministry of Education
and Science of the Russian Federation
(agreement No.14.613.21.0004 from
22.08.2014, unique identifier of the proj-
ect REMEFI61314X0004). |
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