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Mpu UCNob30BAaHUM KOMMO3UTHbIX MaTepuanos (KM)
aKTyanbHO ucciegosaHne moandukaumm nx coctasa.

B cTaTbe NpeacTaBieHbl pe3yabTaTbl MOAUPUKALUMN
anokcnpaHbix KM HaHOpa3sMepHbIMUY NopoLKamMu
AnoKcnaa KpeMHuUs; onpeaeneHo BIMsiHUe CBOMACTB

MX NOBEPXHOCTU Ha 3¢ PEeKTUBHOCTb MOANPUKALNK;
paccMmaTpeHo BaAusiHUe rnapodPubHbIX N ruapodobHbIX
NMOBEPXHOCTHbIX IPYIM; NO/ly4eHO COOTHOLLEHME MeXAY
NONOXMUTENbHbIMU U OTpULATE/IbHbIMU paKToOpamMu,
CBSI3aHHbIMU € f,06aB/IeHNEM TaKOro NopoLuka.

CHOBHOE OTIH4YHe [00aBOK HAHOIOPOIIKOB

0T 0OBIYHBIX MUKPO- 1 MAaKPOPA3MePHBIX ITOPOILI-

KOB - IpeobyalaHMe IOBEPXHOCTHBIX CBOMCTB
HaJl o6beMHBIMH CBOMCTBAMM MaTepHaja. Ilo 3ToH
IIPUYMHE UX [I0BePXHOCTH IIPHOOpeTaeT OCHOBOIIOIATA-
IoIllee BIAMSHMEe Ha U3MeHeHUe CBOMCTB KM.

Psp TeOpHUH OMUCHIBAeT M3MeHeHHe XapaKTepPHUCTHK
II0JIMMePOB IIPHU BBeJeHUHU B HUX JHUCIIEPCHOU da3bl.
JIJIsI STIOKCUIHBIX CMOJI BIUSIHHIE MOKET OBITh 06yC/I0B-
JIeHO MeXaHHUYeCKUMU CBOKMCTBAMHU HaHOIIOPOIIKA KaK
CeThIO paclpeie/leHHBIX TBePAIX YaCTHL], TaK U B3aU-
MOJEHNCTBHEM OTBEPAUTEIISI CO CMOJION BOIH3H II0BEPX-
HOCTH ee pasfiesia C IIOPOLIKOM. B IIorpaHMYHOM CJ10e Ha
CBOMCTBA MOTYT BJIHSITh IPUCYTCTBYIOIIKE Ha I0BEPXHO-
CTH HAaHOYaCTHUL aKTUBHbBIE LIEHTPbI, HaIlIlpUMep, U3Me-
HSITh CTeXMOMeTPHIO PeaKIIUU BCJIeACTBUE Pa3THMYHON
IUIOTHOCTH peareHToB. [IpH oTBep>KAeHHUH MOLYT CO37a-
BaThCSI LOIIOTHUTE/IBHBIE CBSI3K CMOJIBI C IIOPOIIKOM JTHO0
H3MEHSTBCS CTPYKTypa GOpMHUPYIOIMIECS MaTPHUIBI
SKECTKHX CBSI3€H, YTO IIOBJIHSET Ha IIOTHOTY OTBepXKIe-
HHS U ee MeXaHUYeCKHe CBOMCTBA.

[Ipu pa3Hoobpasuu GaKkTOPOB U MEXaHHU3MOB BIIHS-
HUS HeoOXOIMMO UX pasfenbHoe u3ydeHue. [IIst 3Toro
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Use of composite materials (CM) makes topical
research of modification of their compositions.
The subjects of this article are modification

of epoxy CM by nano-sized powders of silicon
dioxide; influence of properties of their surface
on the efficiency of modification; influence of
hydrophilic and hydrophobic surface groups; a
correlation obtained between the positive and
negative factors connected with addition of such
a powder.

e basic difference of the nano-sized powder
additives from usual micro- and macro-dimensional
powders is prevalence of the surface properties over

the volume properties of a material. For this reason the
surface of the nanopowders acquires a decisive influence
on the change of properties of CM.

Anumber of theories describe a change of characteristics
of polymers as a result of introduction of a disperse phase
in them. For epoxy resins the influence can be determined
by the mechanical properties of a nanopowder as a network
of dispersed solid particles, and also by interaction of a
hardener with a resin near to the surface of its boundary
with a powder.

In the boundary layer the properties can be influenced
by the active centers available on the surface of the
nanoparticles, for example, stoichiometry of reactions
can change owing to a varied density of the reagents. And
during consolidation additional resin links with a powder
can appear or a structure of a forming matrix of rigid
links can change, which will affect the completeness of
consolidation and its mechanical properties.

A variety of the factors and mechanisms of influence
requires their separate studying. And this demands
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TpebyeTcst co3gaHue f06aBOK, IIPH KCII0Nb30BaHUK KOTO-
PBIX MOKHO MCK/IIOUMTh YacTh GaKTOPOB.

CBOMCTBA MOBEPXHOCTHU IOPOLIKA 3HAYUTE/IBHO Pas-
JTUYAIOTCS B 3aBUCHMOCTH OT CII0COba ero mpou3BOJ-
cTBa [1] u pacripeneneHus YacTHUL] 110 pa3Mepy. Ocobblit
HMHTepec MpeACTAB/IAIOT THUIIBl IIOBEPXHOCTH C AaKTUB-
HBIMU I'UAPOGUIBHBIMU U THIPOGOOHBIMU IPYIIIIAMHU.
TnppodunbpHble OH-IPYIIIB — [OISPHBIE K CIIOCOOHBI
06pa30BbIBaTh BOJOPOJHBIE CBA3M C TAKUMHU Ke TPyIl-
nmamu B cMecu. CaMa CMOJIa He MMeeT TaKUX IPYIIII
U ruipodobHa, OMHAKO IIPU OTBEPSKAEHUHU SIIOKCHUIHBIE
TPYIIIBI pa3pbIBAOTCS C 06pa3oBaHHEM CIIMBOK U CBO-
6omHbEIx OH. KpoMe 3TOro, psifi OTBepAUTeIeE MOXKET
IerncTBOBaTh yepe3 OH-TpyIIIbl, BK/IOYas UX B 06pa3o-
BaHUe CBsi3eH. [uapodobHble CH-TPyIIIbl OTHOCATCS
K TOMY >Ke KJIACCY COefMHEeHHH, UTO 1 MOJIEKYJIbI CMOJIBL,
II09TOMY OHH JIOJIKHBI CITI0COBCTBOBATH H0/Iee KaueCTBeH-
HOMY CMELIMBAHHUIO HAHOIIOPOIIKA M CMOJIbI. OTHAKO
TaKHe IPYIIBL He ABASITCI AKTUBHBIMU LIeHTPaMU
OTBePXKIEHHU S, U HaJIMUKe FUIpoGoOHOro HaHOIOPOIIKa
He obecIIeuHBaeT AOMOTHUTETbHBIX X MHYECKHX CBS3ek
U He BIUsIeT Ha OTBepkKAeHHe. TakKuM 06pa3oM, TUApo-
$o6HBIe YaCTHUILIBI IIPeACTABIISIOT CO60L TBep/ble BKIIIO-
YeHHUS B MaTPHUILLy OTBeP>KIeHHOMN CMOJIBL 63 TOIIOTHU-
TeJIbHBIX CBSI3eH.

ITIpu ruppodobusanuu [2] ruApodUIBPHBEIX HAHOIIO-
POIIKOB, IONYYeHHBIX UCIIAPeHHEeM 3JIeKTPOHHBIM 1YY~
KoM (3], 6b1TH co3mansl rupodobHBbIe 06pa3ibl. Tak Kak
rugpodobusanus ocHOBaHa Ha 3aMeHe OH- Ha CHj-,
MOXKHO ITPeJII0/I0KUTh, YTO JpyTrHe CBOKMCTBA II0BEPXHO-
CTH HeM3MeHHBI. ITO CI10COOCTBYeT yMeHbIIEHHIO YHCTIa
$aKTOpOB, BIUAIOIINX Ha MOAUPUKALIKI0 KM.

3ajaya MCC/IeIOBAHUS COCTOSA/IA B BBISIBJIEHHUH OT/IH-
YHH B IPOYHOCTHBIX CBOMCTBaX KM Ha OCHOBe 3IIOKCH/I-
HOP CMOJIBI ITPY 100aB/IeHUH HAHOIIOPOLIKOB JTHOKCHA
KPeMHH4 C Pa3/IMYHOM [TI0BePXHOCTBIO U OIlpefie/IeHUH
BIMSIHUS UX XUMHYeCKOM U MexaHHu4YecKoHu Mogudu-
KalMy. M3y4danauch, B YaCTHOCTH, MeXaHHUYeCKoe BO3-
JeHCTBYe YaCcTHI] Ha CTPYKTYPY MaTPHUILIbI J)KeCTKUX CBSI-
3eH, ee MOPQOJIOTHIO U JIOKAIbHYIO IIJIOTHOCTD, yBeIHYe-
HHe KOJIMYecTBa XMMUYeCKUX CBSA3€l, BbI3BAHHOE BHe-
CeHHeM TaKHX YaCcTHL. BaskHO, 4TO I/1 TUAPOPUIBHOTO
HAHOIIOPOIIKa HabMoaeTcss XUMHUUeCKoe U MeXaHHU-
yecKkoe B3aMMOJIEHCTBHE CO CMOJIOH, a AJst THAPodO6-
HOTO MOKHO CUMTATh Ha/IMYHe TOJIBKO MeXaHUYECKOro
BIIMSIHUS.

METOAMKA 3KCNEPUMEHTA

BbLIM TPUTOTOB/IEHBI 06pa3Lbl U3 SIIOKCUIHBIX CMOJI
3[1-22 (xonomHOe 0TBepskAeHMe) U DER-331 (ropsiuee oTBep-
KJIeHHe) ¢ 06aBlIeHHeM Pa3IMYHOro KOTHYeCTBA HAHO-
AHCIIePCHOTO JUOKCH A KpeMHHUsI. PopMysa CMOT O U-
HaKoOBas, HO IPOM3BOAUTENN U MAapKH Pa3IN4aIOTCH,
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Fig.1. Dependence of a relative change of the Young modulus
of resin (DER331 + isoMFGTA) on a specific surface of

a hydrophilic filler for two concentrations (mass.%) in
comparison with a sample without a filler
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development of the additives, the use of which can
eliminate some of the factors.

Properties of a powder surface differ considerably
depending on a method of its manufacture [1] and
distribution of the particles by their size. Of special
interest are the types of a surface with active hydrophilic
and hydrophobic groups.

Hydrophilic OH-groups are polar and can form hydrogen
links with the same groups in a mixture. The resin itself
does not have such groups and is hydrophobic, however in
the process of consolidation the epoxy groups get broken
with formation of linkages and free OH.

Besides, a number of hardeners can operate through
OH-groups, incorporating them in the formation of
links. Hydrophobic CH-groups belong to the same class of
compounds, as the resin molecules, therefore, they should
promote a better mixing of a nanopowder and a resin.

However such groups are not the active centers
of consolidation, and the presence of a hydrophobic
nanopowder does not ensure additional chemical
bonds and does not affect the consolidation. Thus, the
hydrophobic particles are solid inclusions in a matrix of a
consolidated resin without additional links.

As a result of hydrophobization [2] of the hydrophilic
nanopowders, obtained by an electronic beam
evaporation [3], hydrophobic samples were made. Since
hydrophobization is based on replacement of OH- by CH;- it
is possible to assume, that the other properties of a surface
are invariable. This promotes reduction of the number of
factors influencing modification of CM.
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YTO MOSKET IIPHMBECTH K Pa3/IMYMIM B KauecTBe K YHCTOTe
MaTepHasa. 3a CUeT UCII0Nb30BaHU S pa3TUYHBIX OTBEp-
OUTeNer TaKXe pa3IU4YHBl MeXaHU3MBI TOpSiUero
Y XOTIOLHOTO OTBEePKIeHU S,

JlJ1s1 omIpefienieH U sl TPOYHOCTH 06Pa3Iibl H3rOTOB/IEHE
10 'OCT 11262-80. KOHCHUCTEHIIM S MAaTPUYHOTO MaTepH-
ajia CMOJIBI IT03BOJISIET II0/1y4aTh 06pasLibl C KCIIONb30Ba-
HHUeM JIUTbs. BaskHBIN pakTop - PopmMa Jo/KHA 0b71a-
JaTh MaJjIOH afre3reHr K SIIOKCUIHOM cMosie. JIJIs XOIo/-
HOT'O OTBEP>KAEeHUS HCIIONb30BATIUCH CUIHUKOHOBBIE
dopMBI, /151 ropss4yero - Gopmel U3 GTOpoILIaACTa, I10JI0-
CTH KOTOPBIX IIOBTOPSUIH GOpMy 06pa3LIoB A1 Mexa-
HHUYeCKUX HUCIOBITAaHUH. [Ipyu ropsiueM oTBepXKAeHUU
[IPOMCXOAH/IA AeTpafialiyisl I0BePXHOCTH PTOpOILIacTa,
1 OH Tepsi/1 yCTOMUMBOCTD K aAT€3UH CMOBL. 714 Ipe-
OOTBpallleHHU s IPUIUIIAHHS BHYTPEeHHSS II0OBEPXHOCTb
bopM nokpeIBanach anloMUHUEBOM $onbro. C Liesbio
yMeHbIIeHU S BSI3KOCTU SMOKCUAHOMN CMOJIBL HCIIOJb-
30Bajsach 'BoxasiHas 6aHs" mpu 50°C. Ilocie mobasie-
HUS IIOPOLIKA IIPOBOAKIIACH Aera3alus cmecu, obe-
CIleYHMBAJIMCh ONHOPOJHOE paclpefeneHHe HaHOYa-
CTHI] B MaTepHasle MaTPULIBI U pa36HBaHMe yIbTPa3By-
KOM HX arioMeparos [4]. O6beMHOe IlepeMelINBaHLe
OTBEpAUTENS U 3TOKCHUIHON CMOJBI TaKKe ITPOBOLU-
JI0Ch IIpH IOBHIIIEHHOM TeMIIepaType C IIOMOLIBIO YIb-
TPa3ByKOBOIO AUCIIepraTopa. Jjs u3ydyeHHus MexaHU4e-
CKHMX CBOHCTB MaTepHasIOB HCII0b30Balach yCTaHOBKA
ZwickRoellAllroundZ 005.

PE3Y/IbTATbI U3MEPEHUIA

Bl HOATOTOBIEHB 00pa3Lbl M3 SIMOKCH[-
HoH cMoibl DER-331 ¢ mobaBiieHreM pa3anH01?1 KOHIIEeH-
TpPaLlM{ HAaHOMOPOUIKOB TapKOCHJI C Pa3THUYHOH yhenb-
HOM ITI0BEPXHOCTHIO [5]. [l OTBepsKIeHH 1 B CMOJTY 06aB-
JISIICS U30MEeTHUITeTparugpodranreBbll aHTUAPU],
(130MOI'TA) (8 yacTell oTBepAMTeNs Ha 10 YacTer CMOJIBL).
OTBepKaeHHe IPoBoAH/I0Ch IIpu 150°C. Moayns FOHTa
IJ151 YHCTOM CMOJIBL B CpeiHeM cocTaBuI 1,4 TTIa.

ITpH UCIIONB30BAaHUHU TMAPOGUIBHBIX HATIOMHUTENEH
C Pa3HUYHOM ye/IbHOM TI0BePXHOCTHIO ITPH ABYX KOHLIEH-
TPalMAX [IO/Iy4YeHa 3aBUCMMOCTh OTHOCHUTE/IBHOTO H3Me-
HeHHUs1 Moxyst FOHTa (puc.1), mMeromas /s pasiHuHbIX
KOHILIEHTPAIIUH Pa3HbIM XxapakTep. Tak st KOHLIeHTpa-
nuu 0,5% cylecTByeT MakKCUMYyM B 06JIaCTH yAeTbHON
IIOBEPXHOCTH 74 M2/T. B TO ke BpeMs [/151 KOHLIEHTPalluH
1% HabnomaeTcsi yMeHbIIeHHe OTHOCHUTEIBHOIO MOLYJIS
IOHra c yBennnyeHHeM yZe/1bHOU [TI0OBEPXHOCTH.

Bbl/10 BEIABUHYTO IPEAIIOIOKEHHE 0 TOM, YTO OCHOB-
HOH 3@ deKT oKa3bIBaeT 06pa3oBaHHAS II0BEPXHOCTD pas-
Iena B obbeMme KM Me>KIy SIIOKCHIHOM CMOJIOH U HaHO-
YacTULIAMHU BHe 3aBUCMMOCTH OT UX pa3Mepa. [ mox-
TBEPKIEHUS IPEATIONIOKEHUS 6bl/Ia IOCTPOEHA 3aBUCH-
MOCTB OTHOCHUTEJIBHOI0 Moy FOHTa oT Iporu3BeJeHU S
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The task of the research was to reveal the differences in
the strength properties of CM based on epoxy resin, when
silicon dioxide nanopowders with varied surfaces were
added, and to determine the influence of their chemical
and mechanical modification.

In particular, also studied were a mechanical impact of
the particles on the structure of a matrix of rigid links, its
morphology and local density, increase of the number of
chemical links caused by introduction of such particles. It
is important that a hydrophilic nanopowder demonstrates
a chemical and mechanical interaction with the resin,
while in case of a hydrophobic powder only a mechanical
influence is noticed.

EXPERIMENT TECHNIQUE

Samples were prepared from epoxy resins ED-22 (cold
consolidation) and DER-331 (hot consolidation) with various
quantities of nano-dispersed silicon dioxide added. The
formulas of the resins were identical, but manufacturers
and brand differed, which could result in differences in
quality and cleanliness of materials. Due to the use of
various hardeners the mechanisms of the hot and cold
consolidation were also different.

For testing of their strength samples were made in
accordance with GOST 11262-80 standard. The consistence of
the matrix material of a resin allows us to obtain samples
with the use of moulding. An important factor is that a
form should only have a small adhesion to the epoxy resin.
For cold consolidation silicon forms were used, and for a hot
one - forms from fluoroplastic, the cavities of which repeated
the form of the samples intended for the mechanical tests.

In case of a hot consolidation there was a surface
degradation of the fluoroplastic, and it lost its resistance
to adhesion of the resin. In order to prevent sticking
the internal surface of the forms was covered with an
aluminum foil. In order to reduce viscosity of the epoxy resin
"a water bath" was used at 50°C. After a powder was added
the mixture was degassed, and a homogeneous distribution
of the nanoparticles in a matrix material was ensured, and
their agglomerates were broken with ultrasound of [4].

Volume mixing of a hardener and epoxy resin was also
done at a raised temperature by means of an ultrasonic
dispenser. For studying of the mechanical properties of the
materials ZwickRoellAllroundZ 005 installation was used.

RESULTS OF MEASUREMENTS

Samples from epoxy resin DER-331 were prepared with
various concentrations of Tarcosil nanopowders of
varied specific surfaces [5]. Isomethyltetrahydrophthalic
anhydride (isoMFGTA) (8 parts of a hardener per 10 parts of
resin) was added to the resin for consolidation, which was
done at 150°C. Average Young modulus for pure resin was
1.4 GPa.



NANOMATERIALS 27

2500
2000 ? T
o L 2
Cs T
S 1500 Y
(%]
j 4
¢ ] 1
Qo
F= 1000 T
s
o=
= 500
MapodUNbHbLIN MapodpobHbIN Cmona
* H\/dpr)og)h‘ilic A H\/%Fr)og)hobic ‘ B Resin
0 f f
0 0,5 1 1,5 2

BHeceHHas NoBepXHOCTL MOPOLLKA HA FPAMM CMecu, M2/T

Introduced surface of powder per a gram of mixture, m2/g
Puc.2.Modyab KOHza anokcudHozo komnosuma (DER331 +
U30M®ITA) 8 3a8UCUMOCMU OM NOBEPXHOCMU HAHONOPOWKA HA
2pamm KM 0 2udpoduabHo20 U 2u0poGo6HO20 NOPOLLKOS
Fig.2.Young modulus of the epoxy composite (DER331 +
iSOMFGTA) depending on the surface of a nanopowder per a
gram of CM for the hydrophilic and hydrophobic powders

2000
mg -r-§ Tz }T
C <1500 *
£ 1500 f’ Y’* T
<3 3
= wbrr] Ly
981000 ES T_%&T
Py : T i i
So
E { i
(@]
. i
TMapodUIbHBLIN MmapodobHbLIN Cmona
* H\/%Fr)og)hilic A Hy%?og)hobic B Resin
0
T T T T
0 0,5 1 1,5 2 2,5

BHeceHHas NOBEPXHOCTb NMOPOLLKA Ha rpaMM cMecu, M2/r
Introduced surface of powder per a gram of mixture, m2/g

Puc.3. 3asucumocmsb modyasi KOH2a 3n0KCUOH020 Mamepuana
(341-20 + M3r1A) om cymmapHoli nosepxHOCMU HAHONOPOWKA
Ha zpamm KM 048 2udpodunbH020 U 2udpoGobHO20 NOPOLLIKO8
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gram of CM for the hydrophilic and hydrophobic powders

yZ,eJIbHOH IIOBEPXHOCTH HAHOIIOPOILIKA K er0 MacCOBO
KOHLIeHTpallKH (pHc.2). B rpaduk BK/IIOUeHBI TAKKe JaH-
HBle /1151 THIPOGOOHBIX IIOPOIIIKOB.

BuHO, 4TO CyIIecTBYeT MakKCUMyM IIpu 0,45 M2 cyM-
MapHOM BHECeHHOM II0BePXHOCTH Ha TPaMM KOMIIO-
3UTa, COCTAaBUBIIHH [0 45% yBennieHUd MoAyns FOHra.
BBeneHue 6onee 1 M2 TOBepXHOCTH Ha I'PaMM CMeCH
HeraTHMBHO CKa3bIBAeTCS Ha 3TOM I1apaMeTpe, IIpruYeM
IIpK TOM Xe BeJIMYKHe II0BePXHOCTU rUAPOodPoOHbIe
IIOPOIIKH JAIOT 60/BIINE HeraTUBHBIM 3QdeKT, ueM
TUAPOPUIIBHEIE.

[l Habopa CTaTUCTUKHU IIPOBeZIeHbI SKCIIEPUMEHTBHI
C 3MOKCUIHOM CMOON DJI-22 XOIOAHOTO OTBepKAe-
HHUS C fobaBleHHeM TUAPOOUIBHBIX U I'HIPOPOOHBIX
HaHOIIOPOIIKOB Taprocuiia. [Is OTBepKAeHUS B CMOJTY
nobasnsicsa nonusTuineHnonuaMud (I13I1A) (1 yacTs Ha
6 9acTer cMosbl). OTBepsKAeHHe ITPOBOIKU/IOCH IIPH 25°C.
Moy FOHTa 17151 06pa3LioB U3 YUCTOM CMOJIBI, IOy YeH-
HBIX B TAKUX YCJIOBUSAX, B CpefHeM cocTaBua 1,2 ITla.

BBLJIO TaK>Ke MCC/IeOBAHO BAUAHHE HAIIONTHUTEIS
TapkocHuia ¥ APYTUX IOPOIIKOB Ha IIPOYHOCTD 3IIOK-
CUOHOM CMOJIBI DJ1-22. ITocTpoeHa 3aBUCHMOCTb OTHO-
CHUTENIbHOTO MoAynsa OHra oT MpOoM3BeNeHUs YAeIb
HOM II0BepXHOCTH BBOJHMOI'0 HAHOIIOPOIIKA X ero Mac-
COBOK KOHLIeHTPaU MU (pHC.3). BULHO, 4TO CyLIeCcTByeT
MaKCUMyM B obnactu 0,45 M? BHECeHHOH ITOBEPXHO-
CTH Ha rpaMM KM, cocTaBUBIINE 0Koo 40% yBenude-
HUs Moy IOHra. BeesieHUe 6osiee 1 M? IIOBepXHOCTH
Ha rpaMM CMeCH HEraTMBHO CKa3bIBaeTCS Ha MOAYIIe
IOHra, mprYeM XapaKTep 3aBUCHMOCTH I0f06€eH IIpHBe-
neHHOMY puc.2. Habmogaetcst uaymuit 1o 0,8 M2 6ornee

When hydrophilic fillers with different specific
surfaces and in two concentrations were used,
dependency of a relative change of the Young modulus
(Fig.1) was obtained, which had a different character for
various concentrations.

Thus, for the concentration of 0.5 % there was a
maximum in the field of a specific surface of 74 m?/g. At
the same time for the concentration of 1 % a reduction of
the relative Young modulus was observed with an increase
of the specific surface.

An assumption was expressed that the main effect
is produced by the boundary surface formed in the CM
volume between the epoxy resin and the nanoparticles,
irrespectively of their size.

For confirmation of the assumption a dependence was built
of arelative Young modulus on the product of a specific surface
of a nanopowder and its mass concentration (Fig.2). The
diagram also includes the data for the hydrophobic powders.

It is visible that there is a maximum at 0.45 m?of the
total introduced surface per a gram of the composite, which
made up to 45 % of the increase of the Young modulus.
Introduction of more than one m? of surface per a gram of
a mixture affects this parameter negatively, at that with
the same size of the surface the hydrophobic powders give a
bigger negative effect, than the hydrophilic ones.

In order to obtain statistical data experiments were
made with epoxy resin ED-22 of a cold consolidation
with addition of hydrophilic and hydrophobic Tarcosil
nanopowders. For the purpose of consolidation
polyethylenepolyamine (PEPA) (1 part per 6 parts of resin)
was added into the resin. Consolidation was done at 25°C.
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Pa3MBITHIH [IMK. BaKHO OTMETHUTH, UTO FUAPOPOOHEIe
IIOPOIIKH IIPOJEeMOHCTPHPOBAIIM CHUIKEHHEe MOIYII
IOHTra oYTH /151 BCeX BeJIMYMH ITI0OBEPXHOCTH.

MO>KHO 3aKJIYUTh, YTO IIPU BBEeLeHHU MeHee
1 M2 rUApPOGUIBHOIO HAHOIIOPOLIKA Ha TPAMM CMeCH
3pdexT oT 06pa3oBaHUS NOIMOTHUTEIBHBIX XUMUYe-
CKUX CBs3€el IIpeBbllIaeT UX OTpUIlaTelbHOE BIHUSHUE
B KM. ITOT 3dPeKT MOSKHO 0OBSICHUTD TEM, UTO OCHOB-
Has POJIb HAIIOJIHUTEJIS 3aK/II0YaeTCs B [IPeIsTCTBOBA-
HUM 06Pa30BAHHUIO TPEIIUHEL B Pe3y/IbTaTe H3MeHeHHs
HaIlpaBjIeHU s IBH>KEHUS WU CTATUBAHUS ee Kpaes [6].
B 3TOM OTHOIIEHHH JHCIIEPCHBIe HAIIOJHUTE/JIN HaU-
MeHee 3pbeKTUBHBL WU askKe HeTaTUBHO BIUSIOT Ha
IIPOLIeCC 3a CUeT CO3MaHMS KPYIIHBIX JIOKA/IbHBIX TedeK-
TOB B BU/le PaHUL] pasfesa co cpefo. M3 sToro cinenyet
HeobXO0IIMOCTb YMeHbIIEeHH s pa3MePOB YaCTHL] TAKOTO
HaIlOJTHUTeIA.

B/IUAHUE NOC/IEAOBATE/IbBHOCTU CMELLIUBAHWUSA

PaHee 6b1710 PACCMOTPEHO BIHSIHHE IOPSIAKA CMeIlKBa-
HHUSI Ha Npo4HOCTE KM [7]. B pesynbraTe cMeIIMBaHUS
IIOPOLIKA C OTBEPAMTE/IEM I10/TyYeHbI [IOKa3aTe/IH BhILIE,
YeM JJ151 ero CMeIIMBAaHM S CO CMOJIOKM MJIH C TOTOBOM CMe-
CbI0. OTO CBUJIETE/NBCTBYeT 06 06pa30BaHUM CBSI3K HAHO-
YaCTHUIL C OTBepAUTEeIeM. B YaCTHOCTH, OTBEepPAUTE/b
130M®I'TA criocobeH 06pa30BbIBaTh XUMHYECKYIO CBSI3b
crpynmnamu OH-. B 11e/1oM MOKHO pacCMaTpUBaTh TAKYI0
II0C/Ie0BATE/IBHOCTh CMEIIMBAHM S, KaK MOTAUPHUKALIH L
HaHOYACTHUIL MOJIEKYJIaMH OTBEPAUTEJISL, UTO YBeTUYH-
BaeT XMMUYECKYI0 aKTHBHOCTb YaCTHIL] B CMOJIE.

Bompoc o cBoMCTBaX IIOBEPXHOCTH HAHOIIOPOIIKA
He YCTyIaeT I10 Ba>KHOCTU MpobieMe pa3mepa YacTHII.
IKCIIepHMEHT CBU/IETeIbCTBYeT, UTO TUAPOPUIbHEIN
IIOPOLIOK JIy4llle MOOUPUILIKPYeT CMOJY, YeM Fuapodod-
HBIH, OMHAKO eC/IM MOIUPHULIMPOBATh UM OTBEPLUTEID,
3¢ deKT MosKeT OBITh CHIIbHEE. BeposiTHO, MHOroe bymeT
OIpefiensiThCsl XUMHUUeCKUM B3aMMOJeHCTBHEM OTBep-
OUTe/IS U HAaHOYaCTHL. KpoMe 3TOro, MOXKHO MOAUPH-
LMPOBATh IIOBEPXHOCTH IIOPOIIKA He TOJBKO YIIeBO-
JOPOAHBIMH, HO U, Hanlpumep, NH;-rpynmaMu, KoTo-
pble MOTYT Y4aCTBOBATh B IIOJIMMEPHU3ALIMH SIIOKCHU /-
HOK CMOJIBL.

BBenmeHnue mmopoika TaprkocuI B cMojbl [1-22 1 DER-
331 IpUBOAUT K U3MEHEHHIO ITIPOYHOCTH KM Ha UX
OCHOBe. B IIe/IOM IIOJy4YeHO COOTHOLIeHHE MEXAY
IOBBIIIEHKMEM ITPOYHOCTH 3MOKCUAHOr0o KM B pe3syiib-
TaTe YBeJIMYeHH I YHUC/I1a XMMHUYeCKHUX CBA3€e U yMeHb-
HIeHHMS [IPOYHOCTH 3a CYeT HapYIUeHUS MaTPHUIIbI
CIIMBAKOIIMX CBsi3ell. AHA/MHU3 II0Ka3aJl Ba>KHOCTh
omnpefieleHHs CyMMapHOH BeJHYHHB BHeCeHHOM
IIOBEPXHOCTH. MaKCHMaJIbHOE YBeJIHYeHHe MO
IOHra KM coctaBiseT 45% U COOTBETCTBYeT OKOJIO
0,45 M? TIOBEPXHOCTH I'UAPOGUIBHOTO HAHOIIOPOLIKA
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An average Young modulus for the samples of pure resin
obtained in such conditions was 1.2 GPa.

The influence of Tarcosil filler and other powders on
the strength of epoxy resin ED-22 was also studied. A
dependency was built of the relative Young modulus
on the product of the specific surface of the introduced
nanopowder and its mass concentration (Fig.3). It was
visible that there was a maximum at 0.45 m? of the
introduced surface per a gram of CM, which was about 45
% of the increase of the Young modulus.

Introduction of more than one m2 of a surface per a gram
of mixture affected the Young modulus negatively, at that,
the character of the dependence was similar to Fig.2. Less
obvious peak was observed going up to 0.8 m?. Itis important
to point out that the powders demonstrated a decrease in the
Young modulus almost for all the surface sizes.

It is possible to conclude, that in case of introduction of
less than one m? of a hydrophilic nanopowder per a gram
of a mixture the effect from formation of the additional
chemical bonds exceeds their negative influence in CM.

This effect can be explained by the fact that the main role
of a filler consists in prevention of formation of a crack as a
result of changing direction or constriction of its edges [6].

In this respect the dispersed fillers are the least effective
or even have a negative influence on the process due to
creation of large local defects in the form of boundaries
with the environment. Hence, there is a necessity to reduce
the sizes of the particles of such a filler.

INFLUENCE OF THE SEQUENCE OF MIXING

Earlier we discussed the influence of the sequence of mixing
on the strength of CM [7]. As a result of mixing of a powder
with a hardener we obtained higher results than in case of
mixing it with a resin or a ready mixture. This testifies to
formation of links of the nanoparticles with the hardener.

In particular, isoMFGTA hardener can form a chemical
bond with OH-groups. In general we can consider such a
sequence of mixing as a modification of nanoparticles by
the hardener molecules, which increases the chemical
activity of the particles in a resin.

The question of the properties of the nanopowders’ surfaces
is no less important than the problem of the size of the
particles. An experiment testifies that a hydrophilic powder
modifies a resin better than a hydrophobic one, however, if we
modify a hardener with it, the effect can be stronger.

Possibly, much will be determined by a chemical
interaction of a hardener and nanopowders. Besides,
a powder’s surface can be modified not only by the
hydrocarbonic, but also, for example, NH;-groups, which
can participate in a polymerization of the epoxy resin.

Introduction of Tarcosil powder into ED-22 and DER-331
resins results in changing of the strength of CM based
on them. In general, a correlation was obtained between



Ha TpaMM CMecH. BBeneHue 6osee 1 M? TOBEPXHOCTH
Ha 'PaMM CMeCH HeIaTHBHO CKa3bIBAeTCSI HA MOZYJIe
IOHTa. TTopsiZOK MOATOTOBKM CMeCH CBHUETENbCTBYET
0 BO3MOSKHOCTH MOAMQHUKALIMH [T0BEPXHOCTH HAHOIIO-
POILIKA COeIMHEHUSIMHU, KOTOpble MOTYT 60JIbllle YCH-
TUTh MoguHuKanyio KM, yem OH-rpymisl.

Paboma noddepskana zpanmom MuHucmepcmea obpa3osa-
Husa u Hayku PP N2888S.
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NANOMATERIALS

the growth of strength of an epoxy CM as a result of
an increase of the chemical bonds and lessening of the
strength due to a breakage of the cross-linking matrix. An
analysis demonstrated importance of determination of the
total value of the introduced surface.

The maximal increase of the Young modulus of CM is 45%
and corresponds to 0.45m? of the surface of a hydrophilic
nanopowder per a gram of mixture. Introduction of more
than one m? of the surface per a gram of mixture tells
negatively on the Young modulus. The order of preparation
of a mixture testifies that it is possible to modify the
nanopowders’ surfaces with the compounds, which can
increase modification of CM more than OH-groups.
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