HAHOMATEPUANDI

B/INMAHUE HAHOPASMEPHOI'O
ANOKCUAA KPEMHUA
HA NMPO4YHOCTDb 3MNMOKCUAHbIX

KOMINO3UTOB

B.JIbiceHKo, 0.¢.-M.H., C.BapdaxaHos, 0.¢.-M.H. / vi@itam.nsc.ru

B TexHHKe Bce O0JIbllle BHUMAHUS YAENSETCS CO3MAHUI0
HOBBIX MaTepHaJIOB C 3apaHee U3BeCTHBIMU CBOMCTBAMH.
HIX uCronp30BaHKe B KOHCTPYKLIMH OIpesie/sieTCsl COBO-
KYITHOCTBIO TAKMX CBOMCTB, KaK IIPOYHOCTD, IJIACTHY-
HOCTb, BSI3KOCTb Pa3pyIleHUs U Ip. B reTeporeHHbIX MaTe-
pHaax cOYeTarOTCsl Pa3HOPOAHBIE KOMIIOHEHTHI, OfUH
13 KOTOPBIX obpa3yeT MaTpULly (CBsi3ylolee), a APYTok
(HamoyMHUTeNb) ob6/1afaeT BBICOKOM ITPOUHOCTBIO U [ PY-
UM QYHKIHOHATBHBIMH CBOMCTBAMHU, IIPUYEM B CI1y-
Yae 3MOKCH/IHBIX KOMIIO3UTOB CBOKCTBA UX MOXKHO ellle
6oree M3MEHUTD C IIOMOLIBI0 JOOABKY HAHOPA3MEPHBIX
[IOPOIIKOB.

HanovyacTunbl pasmepoMm MeHee 100 HM HIpHUAAOT
MaTepHay HOBble CBOMCTBA. BiHsSHMe HaHOpa3Mep-
HBIX IIOPOIIKOB Ha CBOMCTBA 3MOKCHUAHBIX KOMIIO3H-
TOB B LIeJIOM H3y4eHo ellle HefloCTaToYHO. OlHA U3 IIPH-
YHH 3TOT0 — CJIOKHOCTH IIPOM3BOJICTBA HAHOIIOPOLIKOB.
B pabore KCII0/1p30Ba/ICS] HAHOIIOPOLIOK JHOKCHIA KPeM-
Hus "Taprocun” T-20 (yoenbHast IOBepXHOCTH 139,5 M?/T,
CpeJHHM pa3Mep YaCTHULL 0K0jI0 20 HM), IIONy4YeHHBIN
B MTIIM CO PAH u H® CO PAH Ha ycKopUTeJie 3/IeKTPo-
HOB [1, 2]. ITpoIiecc OCHOBaH Ha HCTIapeHUH BellleCTBa I07
BO3/IeHCTBHEM 37IeKTPOHHOIO ITy4YKa, CO3/1aBaeMOro 3/1ek-
TPOHHBIM YCKOPUTE/IEM.

Lenb paboThl — UCC/IeOBAHME ITPOYHOCTHBIX K YIIPYTHX
CBOMCTB KOMIIO3KTa Ha 6a3e 3MOKCH/IHOAHAHOBOk CMOJIBL
3[-20 ¥ MOMUITH/IEHIIONHAMIKHA (OTBEPAUTEIS]) IIPU
nobaBKe HAHOPa3MEePHOIo IIOpOIIKa "TapKocHIT . BiusHuUe
€ro KOHLIEHTPALIMK Ha IIpefe/l IIPOYHOCTH Ha pacTsiKe-
HHe 1 MOZLyJIb YIIPyrocTy KOHra orpe/ie/isinoch C IOMOLIbIO
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ccnepyroTCs NPOYHOCTHbIE CBOMCTBA KOMMO3MLMOHHOIO MaTtepuasa Ha 6ase
3MNOKCUAHO-AUAHOBOW cMObl D[1-20 U NO/IM3TUNIEHNO/IMAMMHA C A06aBKOM
HaHOpa3sMepHOro ANOKCMAA KpeMHus “Tapkocun”. DKCnepMmMeHTbl Nokasasu, YTo
Takue f06aBku (00 2%) NOBbILAIOT NPOYHOCTb U YNPYrocTb KOMMO3UTA.

MAIIHHBI IJIs1 IPOYHOCTHBIX HcnbITaHUN Zwick/Roell
Z005 (TepmaHust). Ficrionb3oBanKch 06pasLibl TP KOHIIEH-
Tpaluu fobaBok HaHomopomika T20 - ot 0 1o 11%. Pa3mep
IIOTIEPEeYHOr0 CeueHHsl 06pa3IioB COCTABIISII IPUMEPHO
1055 mM.

Tak Kak IIpy nepeMemnBaHUK CMOJIBI, OTBEPAUTEISI
Y IIOPOILIKA B KOMIIO3KMTE BO3HMKAJIH I1y3bIPbKU BO3yXa,
WCIIBITAHUSI ITPOBOAMIIMCH IJIsL ABYX TPYIIIl 06pas3LoB -
3aCThIBABIIMX IIPYU aTMOCOEPHOM JaBJIEHHMH U 1)1 CO3/1a-
BaeMBIX C IIOMOIIIbI0 HM3KOBaKyyMHOI'O Hacoca B paspe-
sKeHHOM Bo3fyxe (TaBieHue 0,05-0,1aTm).
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3aBMCMMOCTb Npefena NpoOYHOCTM Ha pacTaxe-
HMe 3NOKCMAHOIr0 KOMMO3UTA OT KOHLLEeHTpaumm
B HeMm "Tapkocmna"



Ha pucyHKe ITpHUBe/ieHbl 3aBUCHMOCTH IIpefie/a IIpoy-
HOCTH Ha PaCTSDKeHHe KOMIIO3UTa OT KOHLIeHTPaLlUuHU
B HeM HaHOIOpomKa. KpuBas 1 cOOTBeTCTBYeT AaH-
HBIM, IIOJIy4YeHHBIM IIPH aTMOchepHOM [aB/lIeHHUH, a
KpHBag 2 - HpU BaKyyMHUPOBaHHUHU. BUIHO, YTO IIpPHU
poCTe KOHLIEHTPAI[UX HAHOIIOPOIIKA IIpefiesl IIPOUHO-
CTH Ha pacTsiKeHHe CHava/la BO3pacTaeT, a 3aTeM IaJaeT.
MaxkcrMarbHasi IPOYHOCTh KOMITIO3HTa IOCTUTa/Iach IIPU
KOHILIEHTPAIIMH [TOpOoIIKa "TapKOCHIT' IIPHMEPHO 1%.

Monyns yrpyroctu FOHra mipu fobaBke 1% "Taprocuia'
(6e3 BakKyyMHUPOBaHHUSI) BO3POC I10 CPABHEHHUIO C OTCYT-
CTBHEM HaHOIIOpOIIKa Ha 14% - c1,37 o 1,56 ['m1a, a ero Mak-
CUMYM Habmonasncs Ipu KOHIeHTpauuu "Taprocuia’
2-2,5%. I1pu TaKOH KOHLIEHTPALlUK U BAKYYMHUPOBaHHUU
Monysb FOHra BeipacTas 6onee ueM Ha 30%.

TakuM 06pa3oM, 3KCIIEPUMEHTHl ITOKa3aJlH, YTO
Hebosnbpmue 106aBKM HAHOPAa3MepHOTO IIOPOIIKA
OUOKCHA KpeMHHUS (0 2%) MOBBIIIAIOT IPOYHOCTD
Y YIPYrocTb KOMIIO3UIIMOHHOIO MaTepHasa Ha b6ase
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SIIOKCHUTHO-THaHOBOM CMOJIBI I/1-20 U OJIUITHIEHIION A~
MUHA -~ [IOBBIIIAIOTCS €T0 IIpeie/ IIPOYHOCTH Ha pacTsKe-
HYe ¥ MOAY/Ib yIIPyrocTy IOHra, IpryeM MaKCHMaJlbHas
IIPOYHOCTD JOCTUTAETCS IIPH KOHIIEHTPALIMU [IOPOIIKA
[P MepHO 1%.
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INFLUENCE OF NANO-SIZED SILICON DIOXIDE

ON DURABILITY OF EPOXY COMPOSITES

V.Lysenko, D.Sc., S.Bardakhanov, D.Sc. /vi@itam.nsc.ru

he subject of the study is the strength characteristic of a composite material based on ED-20 epoxy-
dian resin and polyethylenepolyamine with Tarkosil nano-sized silicon dioxide added. Experiments have
shown that such additives (up to 2 %) raise a composite’s durability and elasticity.

Technologies demand development of more and more new
materials with preset properties. Their importance is determined
by a set of such properties as durability, plasticity, crack
resistance, etc. In heterogeneous materials diverse components
are combined, one of which forms a matrix (binding), and another
(filler) - has high durability and other functional properties, and
in case of epoxy composites their properties can be changed even
more by adding nano-sized powders.

Nanoparticles of size less than 100 nanometers give new
properties to a material. The influence of nano-sized powders
on the properties of epoxy composites as a whole has not been
studied enough. One of the reasons for this is complexity of
manufacture of nanopowders. In this work we used Tarkosil T-20
nanopowder of silicon dioxide (specific surface 139.5, average
size of particles about 20 nanometers), obtained in ITPM of the
Siberian Branch of the Russian Academy of Sciences and IYaF,
Siberian Branch of the Russian Academy of Sciences, on an
electron accelerator [1-2]. The process is based on evaporation of
a substance under the influence of an electronic beam generated
by an electronic accelerator.

Aim of the work is study of the strength and elastic
properties of a composite based on ED-20 epoxy-dian resin and
polyethylenepolyamine with Tarkosil nano-sized silicon dioxide
added. The influence of its concentration on stretching and
Young modulus of elasticity were determined by means of Zwick/
RoellZ005 machine for strength tests (Cermany). We used samples
with concentration of additives of nanopowder T-20 - from 0 up
to 11 %. The size of a cross-section section of the samples was
approximately 10 x 5 mm.

Thus, when the resin was mixed with a hardener and a powder,
bubbles of air appeared in the composite. Tests were done with
two groups of samples - one with samples stiffened under the
atmospheric pressure and another - in the conditions of a negative
air pressure created with the help of a low-vacuum pump (pressure
of 0.05-0.1 atmospheres).

Figure below demonstrates dependency of the tensile strength
of a composite upon a concentration of nanopowder in it. Curve
1 corresponds to the data obtained at the atmospheric pressure,
and Curve 2 - at a negative air pressure. It is visible, thatat with a
growth of the concentration of the nanopowder at first the tensile
strength increases, and then falls. The maximum strength of a
composite was reached with a concentration of Tarkosil powder
about1%.

(0, MPa)

Fig. Dependency of a tensile strength of an epoxy composite upon the
concentration of Tarkosil in it

When 1 % of Tarkosil was added, Young modulus of elasticity
(without pumping out) increased by 14 % - from 1.37 GPa up to
1.56 GPa, and its maximum was observed with a concentration
of Tarkosil of 2-2 %. With such a concentration and pumping out
applied Young modulus of elasticity grew by more than 30 %.

Thus, experiments have shown, that small additives of nano-
sized powder of silicon dioxide (up to 2 %) increase durability and
elasticity of a composite material based on ED-20 epoxy-dian
resin and polyethylenepolyamine - its tensile strength and Young
modulus of elasticity are improved, while the maximum strength
isreached with a concentration of the powder of about 1 %.
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