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c U3 nctopumn paspabotku metannoMaTpuUiHbIX KOMNO3MLUNOHHbLIX MaTepuanos
eHaHo
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Knaccmbm(au,vm cnocob6oB nonyyeHna MetTanJyioMmaTpniHbIX KOMMNO3UTOB
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MexaHun4yeckoe 3amewiMBaHue HaHOMOPOLUKOB B anroMMHUEBLIN pacninaB
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A7075 - 1.5 wt% Al203 (20 nm)

Source: L. Saravanan, T. Senthilvelan. Investigations on the hot workability
characteristics and deformation mechanisms of aluminum alloy - Al203
nanocomposite // Materials & Design, 2015, Vol. 79, pp. 6-14, doi:
10.1016/j.matdes.2015.04.024




MexaHun4yeckoe 3amewiMBaHue HaHOMOPOLUKOB B anroMMHUEBLIN pacninaB
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Jlnutble anroOMONeHOKOMMNO3UTbI C yrnepogHbimu HaHOTPYGKaMM
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NMpumeHeHme ynbTpasByka Npu BBOAe HaHO4YacTUL,
B aJIlOMMHMEBbIE pacnnaBbl
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BnusiHne ynbTpasBykoBOU 00paboTKU KOMMNO3ULIMOHHbLIX pacnnaBoB
Ha ANCNEPCHOCTb 3HAOreHHbIX apMupyrowmx c¢as
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Source: J. Nampoothiri et al. Post in-situ reaction ultrasonic treatment for
generation of Al-4.4Cu/TiB2 nanocomposite: A route to enhance the
strength of metal matrix nanocomposites // Journal of Alloys and
Compounds, 2017, Vol. 683, pp. 370-378




XuvakoasHbin peakUMOHHbIN CUHTE3
artoMoMaTpUYHbIX HAHOKOMMO3UTOB
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Source: Prusov E.S., Panfilov A.A., Kechin V.A. Synthesis and Characterization
of Cast Aluminum Matrix Nanocomposites, METAL 2017, Brno, Czech Republic



PU3NKO-XMMNYECKNe OCHOBbI TEXHOSIOTUN dJTIOMOMAaTPUYHbIX KOMMNMO3UTOB.
cMaviunBaHue Kap6u.qa KpeéMHusa anrommHneBbIMU pacrijiaBamm
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Knaccudukauma metannos no xapakrepy ssaumogencrams c SiC
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PU3NKO-XMMNYECKNe OCHOBbI TEXHOSIOTUN aFIloOMOMaTpPUYHbIX KOMIMO3UTOB.
MetToaofnormAa CMHTe3a KOMNnNo3nmMunMoHHbLIX CnJfiaBoOB
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Source: Prusov E.S., Kechin V.A. Methodological Aspects of Metal Matrix
Composites Design for Tribological Purposes // Journal of Heilongjiang
University of Science and Technology. 2016. Vol. 26(5). P. 564-569
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PU3NKO-XMMNYECKNe OCHOBbI TEXHOSIOTUN aFIloOMOMaTpPUYHbIX KOMIMO3UTOB.
TepMO,ﬂVIHaMVI‘-IeCKVIﬁ noaxon K Bbl60py KOMINMOHEHTOB CUCTEeMbI
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BrninsiHne 3K30reHHbIX HaHO4YacTUL,
Ha CTPYKTYPY JINTEUHbIX antOMUHUEBLIX CMJ1aBoOB
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Figure 6. Microstructure of AlSi12Cu2MgNi alloy: (a, c, e, g) in as-cast stay and (b,
d, f, h) after heat treatment. (a, b) Samples without NP; (c, d) samples with 0.1 %

ND + Ag; (e, f) samples with 0.1 % SiC + Cu; and (g, h) samples with 0.1 %
SiC + Cu + 0.03 % AIN + Al

Source: R. Lazarova et al. Influence of nanoparticles introducing in the melt of
aluminum alloys on castings microstructure and properties // International
Journal of Metalcasting (2016) 10: 466. doi: 10.1007/s40962-016-0033-7



BrninsiHne 3K30reHHbIX HAHO4YaCTUL,
Ha CTPYKTYPY JINTEUHbIX antOMUHUEBLIX CMJ1aBoOB

Figure 4. Microstructures of castings type “Boat" of AISi7Mg after HT: (a, b) casting Figure 8. Macro- and microstructures of AlZn4 castings designed for protectors:
1 without NP; (c, d) casting 2 refined with 0.05 % AIN + Al + Cu; (e, f) casting 3 (a) casting 1 without NP; (b) casting 2.1 refined with 0.05 % AIN + Al (USD); and
refined with 0.1 % SiC + Cu; (a, c, e) general view of the microstructure; and (b, d, f) (c) casting 3.2 refined with 0.1 % ND + Ag.

eutectic.

Source: R. Lazarova et al. Influence of nanoparticles introducing in the melt of
aluminum alloys on castings microstructure and properties // International
Journal of Metalcasting (2016) 10: 466. doi: 10.1007/s40962-016-0033-7



eHaHo

MexaHu3mM BO3aeNCTBUA 3K30reHHbIX HaHo4YacTuL,
Ha CTPYKTYpPY artoMOMaTPUYHbIX HAHOKOMMNO3UTOB

Figure 1 | Nanocomposite superstructures produced with x < 1

(a) Representative SEM images of samples with x = 0.05: the nanoparticles
coated Al particle; (b) $/TEM images of the cross section of nanocomposite
superstructures with x = 0.05. Most of the nanoparticles were on the
surface and only a few inside the Al matrix; (c) Schematic of a Al-core/
nanoparticle-shell superstructure; (d) TEM images of samples with

x = 0.25: nanoparticles covered Al surface; (e) SEM image of the cross
sections of samples with x = 0.25: nanoparticles covered Al sphere surface
and distributed inside; (f) a S/TEM image of the cross-section of samples
with x = 1: similar structure as x=0.25, but higher concentration of
nanoparticles inside the matrix; (g) schematic of a nanocomposite-core/
nanoparticle-shell superstructure.

/n;mommz:le

L

Figure 2 | Nanocomposites superstructures when x > 1: (a) SEM images
of networks of a metal-linked core/shell nanostructure with x = 1.5;

(b) TEM images of networks of a metal-linked core/shell nanostructure
with x = L5, nanoparticles are covered and linked by Al thin film

( Diffraction pattern of thin film was identified as AIOOH since Al thin film
was exposed to the air. And AIOOH is parallel to (010) plane, only
reflections from hol planes were recognized. ); () schematic of networks of
metal-linked core/shell nanostructures; (d) SEM images of networks of
metal-linked nanoparticles with x = 10; (¢) and (f) TEM images of the Al
meniscus between nanoparticles for x = 20 sample (nanoparticle outline
marked by dash line in f, EDX (Energy Dispersive X-Ray Analysis) of
powders in f are in Figure S5 in the Supplementary Information);

(g) schematic of networks of metal-linked nanoparticles.

Source: Xu, J.Q., Chen, L.Y., Choi, H., Konish, H. & Li, X.C. Assembly of
metals and nanoparticles into novel nanocomposite superstructures.
Sci. Rep. 3, 1730; DOI:10.1038/srep01730 (2013)



MexaHW3M BO34eNCTBUSI IK30T€HHbIX HAHOYacTUL
c Ha CTPYKTYpPY antoMOMaTPUUYHbIX HAHOKOMMNO3UTOB
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Source: Chen, L.-Y. et al. Rapid control of phase growth by
nanoparticles. Nat. Commun. 5:3879 doi: 10.1038/ncomms4879 (2014)




BnnsiHne 3K30reHHbIX antOMOOKCUAHbIX HaHOYacTUL,
Ha CTPYKTYpPY aroMOMaTPUYHbIX KOMMNO3UTOB cuctemMbl Al-Ti

a) A99 + 3%Ti

b) A99 + 3% Ti + 0,1% Al203 (15 nm) Source: Prusov E.S., Panfilov A.A., Kechin V.A. Synthesis and Characterization
of Cast Aluminum Matrix Nanocomposites, METAL 2017, Brno, Czech Republic



BriusitHne 3K30reHHbIX antoMOOKCUAOHbLIX HAHOYaCcTUL,

Ha CTPYKTYpPY anoMOMaTPUYHbIX KOMNO3UTOB cuctembl Al-Ti-B
eHaHo
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Source: Prusov E.S., Panfilov A.A., Kechin V.A. Synthesis and Characterization
of Cast Aluminum Matrix Nanocomposites, METAL 2017, Brno, Czech Republic




OCOBEHHOCTU CBOUCTB
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Fig. 1. TEM image of SiC nanoparticles used in the experiments.

MexaHun4yeckue cBomcrtea HaHokomno3uTta A356 — 1 macc.% SiC
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Fig. 4. Effect of stirring rate on the compressive yield strength of cast nanocom-
posites (these nanocomposites fabricated at stirring temperature of 750 °C and

of THPC Melt Temperature, @ C

Fig. 3. Effect of stirring temperature on tensile properties of cast nanocompaosites
(these nanocomposites fabricated at stirring rate of 700 rpm and usage of master

powder type A) usage of master powder type A).
Material Average size Composition (witi)
Al Si or 5iC Mg Fe Cu w Ma
S5iC nanoparticles 25=530nm = 0.03 =886 = 0.03 =01 = 0.4 =02 =003
A356 alloy Ingot Balance 7.02 0.396 0.182 =015 = =
Al powder 45 pm Balance 7.02 0.396 0.182 =015 = =

Source: A.D. Hamedan et al. Production of A356-1 wt% SiC nanocomposite by
the modified stir casting method // Materials Science and Engineering: A,
2012, Vol. 556, pp. 921-926, doi: 10.1016/j.msea.2012.07.093




CpaBHuUTenbHbIe TpMbonoruyeckue NcnbiTaHusA
antoMOMaTPUYHbIX MUKPO- U HAHOKOMMNO3UTOB
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JlutenHble cBOUCTBA anroMoMaTpnyiHbIX HAHOKOMMNO3UNTOB

A|Si12Cu2MgNi AlISi12Cu2MgNi + 3%Ti | AISi12Cu2MgNi + 3%Ti | AlSi12Cu2MgNi + 3%Ti
+ 0.2A1;03;15~m) + 3%Ni+0.2A1;03/15.m | + 3%Ni + 0.2%SiCia00m)
+ 5% SiCi1aum)
€,% 1.10 0.98 0.92 0.86

Source: Panfilov A.A., Prusov E.S., Kechin V.A. Cast Aluminum Matrix
Nanocomposites for Functional Applications: Synthesis, Structure and Properties
/ Nano-, Bio, Information and Cognitive Technologies, Erevan, Armenia, 2015



KoppoO3uOHHasA CTOMKOCTb afiloMOMaTPUYHbIX HAHOKOMMNO3UTOB
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Source: Mosleh-Shirazi, S. et al. Interfacial valence electron localization
Figure 2. Polarization curves of Al-SiC nanocomposites in (a) 3%NaCl and (b) 0.1M H,SO; (c) Corrosion and the corrosion resistance of Al-SiC nanocomposite_ Sci. Rep. 5, 18154;

potential versus the volume fraction of SiC nanoparticles in two corrosive solutions, respectively, and ..
(d) Corrosion rate versus the volume fraction of SiC nanoparticles in the two corrosive solutions, respectively. doi: 10.1038/sr ep 18154 (2015)



NMEPCMNEKTUBbI NPUMEHEHUA
ANTIOMOMATPU4YHbIX
HAHOKOMIMO3UTOB

B MPOMbIWIEHHOCTMW



NMpnmeHeHMne anMOMaTPUYHBIX MUKPO-
M HAHOKOMMNO3UTOB B aBTOMOOUIIECTPOEHUM

P MeTannokoMnosnunoHHble nopwHu (Toyota, 1983);

P watyHbl (Ferrari, 1995);

P rnb3bl umnuHgpos (Honda, 1990; Toyota, 2000;
Lotus, 2005);

P 0Oe3runb3oBble 6510kn uunmuHapos (Porsche, 1996);

P TOpMO3HLIe aucku n bapabdanbl (VW Lupo, Audi A2)




NMpnmeHeHne anOMOMaTPUYHbIX MUKPO-
N HAHOKOMMO3NTOB Ha XXeyle3HOQOPOXXHOM TpaHcNopTe

ICE - brake discs

material: MMC - A359/Si1C/20p

weight of disc: 74 kg (-38% vs cast iron)
total weight saving: 10 tons (192 discs)
sucessfully tested: over 1 Mio km




Thermal conductivity at room temperature (W cm™! K1)
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NMpnmeHeHne anOMOMaTPUYHbIX MUKPO-
N HAHOKOMNO3NTOB B 3JIEKTPOHUKE

TECHNOLOGIES
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NMpumeHeHMe anrMoOMaTPUYHbIX MUKPO-

M HAHOKOMMNO3NTOB B OOOPOHHOMN NMPOMbILUIIEHHOCTH
eHaHo

TECHNOLOGIES

CPS '2 [

0 Year

)

Bnumas

KOMMo3umHasi CENTURY N(=

15 x 4 Cast Iron: 15 x 4 AI/MMC: ecmaeka
71 Ibs. 38.5 Ibs.




NMoaroTtoBka KagpoB AanAa sHegpeHusa antoMmoMaTpuiHbIX HAHOKOMMNMO3UTOB

eHaHo

O6wenpogheccuoHanbHbill YUK
HdonosnxvurenbHas npo¢eccnouaanaﬂ

ob6pa3oBaresibHasi NPorpaMmma ? MK 0.1 MAK 0.2 MK 0.3
npogeccMoHasibHOV NepenogroToBKm 9 st s oiesplehats oo R T

B obsiactn pa3zpaboTku, nNpon3BoA4CTBa POCHAHO e e e e e e e ‘
U NMpUMMEHEHMNSI JINTbIX aJIloMOMaTpPpUYHbIX e svcu uncosiioae coac coealiE oL s Srae seia i

HaHOKOMMO3UTOB PYHKLNOHA/IbHOIO T —_——_—
Ha3Ha4YeHuns1 !
| nm1 MM 2 (3YK) nmws3 nmm4 l
. | Npouseoacreo KoMnsTepHbie MeTtogs: HCCNeAoBaHIA Kontpons
Llenb nporpammbl: NOAroToBKa cnyllatenen K ocylecTBNEHNO TPYAOBbIX W ik st ot Mmoot
dyHKUMA B obnactu  NUTbIX  antoMOMaTPUYHbIX ~ HAHOKOMMO3UTOB || Tcooipanisim T ocoutiomTon i St

METORaMN NHTLA

beHKLl,VIOHaﬂbHOI'O Ha3Ha4YeHnd Ha OCHOBE WU3y4YeHUA HOBENLLUNX MUPOBbLIX
OOCTMXEeHMNn B cdoepe mMartepuanoBegeHus HaHOCTPYKTYPUPOBaAHHbLIX

KOMMO3ULIMOHHbIX MaTtepmnanoB U OCBOEHUS Ha NPaKTUKEe TEXHOMNMOrMYEeCcKuX n e 2 8 nK2.3 K24 NK2.2
nK 2.5 nK 2.6

aHanUTUYeCcKNX PEeLUEHUN, HEenoCpeACTBEHHO CBSA3aHHbIX C  TEeKyLMU e et
NPOU3BOACTBEHHLIMU 3aa4amm.

LeneBas ayguTopus: pas3paboTyMkum TEXHOMOMMYEeCcKUX MNpoLEeccoB
Nony4yeHns antoMoMaTPUYHbIX HAHOKOMMO3UTOB KUAKodasHbIMM MeTodamMm
M NPOM3BOACTBA OTMMBOK M3 HUX chneuunanbHbiMM crnocobammn nuTbs,
BKMoYas pa3paboTyYMKOB TEXHOMOrMYECKON AOKYMeHTauum no AaHHOMY
npodunto;  cneumanuctel MO  KOHTPOMK  KadecTBa  OTNMBOK U3
antoMOMaTPUYHbIX HAHOKOMMO3WUTOB, WU3YYEHUO CTPYKTYpbl, OnpeaeneHunto
MeXaHNYeCKNX 1 IKCMyaTalMOHHbIX CBOMCTB.

OtgenbHble npodeccrMoHanbHble  MoAynyM  MNporpaMmbl  MOFyT  OblTb
Mcnonb3oBaHbl AN aBTOHOMHOMO MPUMEHEHUSI B paMKax KpaTKOCPOYHOro
NOBbILLEHUS KBanNndukaumMm cneunanncTos.
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ONEKTPOHHOE OBPA30OBAHUE
ANnA HAHOUHAYCTPUU

BIIATOOAPHO 3A BHUMAHME!

@ 117036, r. MockBa, npocneKT
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¢ Ten..+7495988 53 88

% E-mail: info@edunano.ru

@ www.edunano.ru



