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WUccnepoBaHbl KOMMO3UTbI Ha OCHOBE 3MOKCMAHOW [WAHOBOM CMOMbI Mapku 3[1-20, gnd cluvBaHUS
KOTOPOW MCMO/b30BaH HU3KOMOEKY/ISPHbIA OTBepAUTeNb nosvatuaeHnoamamuH (M3MNA). B kadyectse
n06aBKN NPUMEHSIN HaHOAMCMEPCHbIA HanonHutenb ¢ynnepeH Cgo. WccneposaHbl Teriodusmueckue
CBOMCTBA 3MOKCUAHBIX KOMMO3UTOB B AnanasoHe Temnepatyp AT=303-473 K. OnpepeneHbl nokasartenu
TErJIOCTOMKOCTU No  MapTeHcy, K03pPUUMEHT TEerJIoBOro JIMHEMHOro paclivMpeHusi, Temnepartypa
CTeKJIOBaHMS, OTHOCUTE/IbHAS YCaAKa pa3paboTaHHbIX KOMMO3MTOB. YCTAHOBJIEHO, YTO A1 GOPMUPOBaHUSA
KOMMO3UTOB C Y/yYWIEHHbIMA TenopusnmyeckMMn CBOMCTBAMM  LLeJIeCOO6pPasHO  HesHauuTeslbHoe
copepxaHue Cg, q=0,010-0,050 macc. % Ha 100 macc. % 3[-20 n 10 macc. % M3MA.

Composites on the basis of bisphenol epoxy resin ED-20 with the low molecular weight polyethylene
polyamine (PEPA) curing agent were studied. As an additive the nano-filler C¢, was used. Thermal properties
of epoxy composites in the temperature range T=303-473 K were investigated. Martens heat resistance
temperature, thermal expansion coefficient, glass transition temperature and the relative shrinkage of the
developed composites were estimated. It was found that the low content of nanofiller (q=0.01-0.05 wt.%
of C¢, with 100 wt. % of ED-20 and 10 wt. % of PEPA) is optimal for the formation of composites with improved

thermal properties.

OBpeMeHHasl IPOMBILUIEHHOCTb HY>K[,AeTCS B pa3pa-
60TKe HOBBIX 3pHEKTHBHBIX MAaT€PHAJIOB C YTy YIlleH-
HBIM KOMIIJIEKCOM CBOMCTB, [IpriMeHeHHe KOMII03UT-
HbIX MaTepuaioB (KM) Ha 0CHOBe STIOKCUIHOM MaTpPHUITbL
[103BOJISIET CHU3UTh MeTa/J/IOeMKOCTh KOHCTPYKLIUH
Y 33U TUTh UX II0OBEPXHOCTH OT BIIMSIHUS BHEIITHUX QaK-
TOpOB (arpecCHUBHBIX Cpefi, IlepeMeHHbBIX TeMIIepaTyp
U ip.). IIpH 3TOM 3KCILTyaTallHOHHbIE CBOMCTBA KOHCTPYK-
WU B 3HAYHTE/IBHOM CTeIIeHH 3aBUCST OT TeIIOCTOMKO-
CTH HOBBIX MaTe€PHaJIOB. Y/IyULIUTb CBOKCTBA KOHEUHOIO
KOMIIO3MIIOHHOIO MaTepHasia BO3MOXKHO IIyTeM BBeJle-
HM S B €I'0 COCTaB HAHOYACTHUI] pa3TNYHOM GU3HMKO-XUMU-
4yecKou pupogsl [1-4]. IlosTomy MonudHKaL K Tellnodu-
3MYeCKHX CBOKCTB B pe3y/IbTaTe BBeJeHHsI HAaHOpa3Mep-
HBIX YaCTHII SIBJISIeTCA aKTYa/IbHOH 3aZaded COBpeMeH-
HOTO ITIOJIMMEPHOI0 MaTepUaoBeleHHs.
AHanus pa60T [1, 2, 4-9] mo3BonseT yTBEPKOATh,
YTO OLHUM U3 3O PEeKTHUBHBIX CIIOCOOOB yIyUIIeHHU S

Terao0PpU3UUYECKUX CBOMCTB 3IOKCHUIHBIX KOMITO3H-
TOB SIBJISIeTCS BBeJleHHe HAIlOJHUTeJIeH Pa3TudHOU
JUCIePCHOCTH U QU3UKO-XUMHUYECKOM IIPUPOLBL.
CodyeTaHHe TaKHX MaTepHaJIOB I103BOJIseT OTKa-
3aThC OT IPUMeHeHUs TPagHUIIMOHHBIX JIaKOKpa-
COYHBIX MaTepHaJl0B H HCIO0Jb30BaTh KM B BHUe
3aIIUTHBIX OKPBITUM. []/1 OLleHKH TeMIIlepaTyp-
HOTO JHala30Ha 3KCIIJIyaTallMu HOBBIX KM mpo-
BOJHUTCS MCC/IeJOBAaHHE UX CBOMCTB IIPU Harpepa-
Huu [9-11].

Llenp HacTOsAIEN paboThl — HCCIeOBATh BIHSIHHE
Konu4decTBa dymnepeHa Cg, Ha TEIITIOCTOMKOCTD U KO3d-
GULINIEHT TeII0BOro IMHEHHOIO PACIIMPEHU I HAHOKOM-
TIO3UTOB.

MATEPUA/IbI U METOAUKA UCCNIEAOBAHUA
B KauecTBe OCHOBHOI'O KOMIIOHEHTA CBSI3YIOIIETo IIPU
dopMHPOBaHMY HAHOKOMIIO3UTHBIX MaTepHanioB (HKM)
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BBIOPAH 3TIOKCHUIHBIN JTUAHOBBIN OJIMUIOMep MapKu /120

(TOCT 10587-84). Ucmonp30BaHue HHU3KOMOJIEKYISAP-

HOTO OTBEepAUTe/s MOJU3TUIeHIIoNHaMuHa (I1311A)

[-CH,-CH,-NH-],, (TY 6-05-241-202-78) 1103BOJIN/IO CLIH-

BaTh 3MOKCHAHYI KOMIIO3HIIMIO IIPX KOMHATHBIX

TeMIeparypax. OTBepIUTe/b BBOSU/IH IIPU CTEXHO-

MeTPHUYeCKOM COOTHOIIEHHH KOMIIOHEHTOB (Macc.%)

10 (30-20) x 1 (IT3T1A).

B KadecTBe HAIIOJHUTENS UCIIOIb30BAHBI YaCTHIIbI
¢ynnepena Cgyy C AUCIIEPCHOCTBIO 5 HM. JIOKCH/IHEBIE
HKM, nanonHenHsle Cgy, QOPMUPOBAJIU C UCIIONb30Ba-
HUeM y/IBTPa3ByKOBOIO JHUCIIeprHPOBAHMU I KOMIIO3ULIKH
B (JILYIOLIUX peKUMax:

e IpeABapHUTejbHOe Ao3upoBaHHe 3D]/I-20, momo-
r'peB CMOEL 10 T=353 +2 K 1 ee BbIIep>KKa ITPH AHHOMU
TeMIIepaType B TeyeHre BpeMeHH 1=20 +0,1 MUH;

* [03UPOBaHMe HaHOHAIIOJHHUTES U AajIbHEHIIee BBe-
DleHMe ero B SIIOKCHUTHBII OJIUTOMep;

* THAPOAMHAMMYeCKoe COBMelleHHe onuromepa 3/1-20
Y HAaHOHAIIOJIHHUTeJIS B TedeHHe T=1+0,1 MUH;

* yIBTpa3ByKoBasi 06paboTka (Y30) KOMIIO3ULIMH B Teue-
HUuet=1,5+0,1 MUH;

¢ OXJIAXXJEHHe KOMIIO3ULIMU 10 KOMHATHOM TeMIlepa-
TYPBI B TeueHue T =60 + 5 MHH,;

* BBefeHUe [I9IIA U MepeMelIMBaHKe KOMIIO3ULIUU
B TeyeHHe T1=5+0,1 MUH.

B manpHenmeM HKM OTBePKAAIH B 3KCIIePHMEH-
TaJIBHO YCTAaHOBJIEHHOM peKHUMe:

+ dopmMupoBaHUe 06pa3sLOB 1 UX BEIJIEP)KKA B TeUeHUe
1=12,0 +0,1unipu T=293 +2K;

* Harpes CO CKOPOCTBIO U =3 K/MUH 0 T=393 +2K;

* BoIAepskKa HKM B Teuyenue t=2,0 +0,05 4;

* Me[JIeHHOe oXJIaxkaeHue 10 T=293 +2 K.

B mensix cTabuaM3alUU CTPYKTYPHBIX IIPOLECCOB
B HKM 06pasIibl BBIIEPSKHBAIU B TeUeHHe T=24 4 Ha BO3-
oyxenmpu T=293 +2 K.

B paboTe mcciemoBanuch ClefyoOIMKe TeII0H3H-
YecKHe XxapaKTepUCTHKH HKM: TemJIoCTOMKOCTD
(mo MapTeHcy), K03 ULIMEHT TeIlIOBOTO JIMHek-
Horo pacmupenus (KT/IP), ycagka.

TennoctorikocTs HKM o MapTeHCy onpefe/nsiiu
cornacHo 'OCT 21341-75, HarpeBasi HCC/IelyeMBblH obpa-
3e1], CO CKOPOCTBIO U =3 K/MMH 1071 IeHICTBHeM ITOCTOSTHHO
usrubamoinen Harpysku F=5 +0,5 MIla, moxa oH He
medopmupyeTcs Ha 3alaHHYI0 Benuuuny (h=6 Mm).

KTJIP MaTepHaJioB PaCCUUTBHIBANU IO KPUBOU
3aBUCHUMOCTH OTHOCHUTE/IbHOM AedpOopMaLilu OT TeM-
[epaTyphl, alllIPOKCUMUPYS 3Ty 3aBUCKUMOCTD IKCII0-
HeHIJMaJIbHOU QyHKIKeH. OTHOCUTeIbHYIO fJedop-
MaI[UI0 OIlpesie/IsiIv 110 H3MeHeHU IO AJIMHEL 06pasia
IIPY MOBBIIIEHUM TEMIIEPATYPhl B CTALIMOHAPHBIX
ycnoBusix (TOCT 15173-70). O6pa3Iibl AL UCCIIeM0-
BaHMS pasMepPoOM 65X7Xx7 MM HMeJIH Hellapasijiesnb:
HOCTh NIJIMPOBAHHEIX TOPLOB He Honee 0,02 MM.
InunHy obpa3na U3MepsIH C TOUHOCTBIO + 0,01 MM.
CKOpOCTb HarpeBa cocTaBngna V=2 K/MUH.

he modern industry needs
Tto develop effective new

materials with improved
properties. The use of compos-
ite materials (CM) based on the
epoxy matrix reduces the spe-
cific content of metal of struc-
tures and protect the surface
from external influences (aggres-
sive media, temperature varia-
tions etc.). Thereby the perfor-
mance properties of structures
largely depend on the heat resis-
tance of the new materials. It is
possible to improve the properties
of the final composite material
by the introduction in its com-
position of nanoparticles of vari-
ous physical and chemical nature
[1-4]. Therefore, modification of
the thermo-physical properties
as a result of the introduction of

nanoparticles is an actual prob-
lem of the modern polymer mate-
rials science.

An analysis of studies [1, 2, 4-9]
suggests that one of the effective
ways to improve the thermal prop-
erties of epoxy composites is to
introduce fillers of various degree
of dispersion as well as physical
and chemical nature. The combi-
nation of these materials allows
to abandon the use of traditional
painting materials and use CM as
protective coating. To assess the
operating temperature range of
the new CM, a study of their prop-
erties during heating is conducted
[9-11].

The purpose of this proj-
ect is to investigate the effect
of the amount of C60 on the
heat resistance and coefficient

of thermal linear expansion of
nanocomposites.

MATERIALS AND METHODS
OF RESEARCH
As the main component of the
binder in the creation of nano-
composite materials (NCM)
selected was a diane epoxy oligo-
mer of the ED-20 brand (GOST
10587-84). The use of the low-molec-
ular polyethylenepolyamine hard-
ener (PEPA) [-CH,-CH,-NH-] (TU
6-05-241-202-78) made it possible to
crosslink the epoxy composition at
room temperature. The hardener
was administered at a stoichio-
metric ratio of the components
(Wt.%) 10 (ED-20) to 1 (PEPA).

The particles of the fullerene Cg,
with the dispersion of 5 nm are
used as filler. Epoxy NCM filled
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Tabauua 1. KoagduuueHm mennosozo AuHeLiH020 pacuiupeHust HKM npu pasaudHbix memnepamypHbix 0UanasoHax ucnbimaqul

Table1. Thermal expansion coefficient of NCM under various temperature ranges

Ko3¢$dpuumeHT TeN10BOro IMHeRHOro paciumpexus, a+1075, K
Thermal expansion coefficient, a-1075, K

CopepXxaHue HaHOHaMoJ/IHU-
Tens, q, Macc.%

Content of the nanofiller, q,

TemnepaTtypHble AManasoHbl UCNbITaHUM, AT, K

Temperature ranges, AT, K

wt.%

303-323 303-373 303-423 303-473
0,010 3,89 6,01 8,57 1,10-107%
0,025 7,91 6,55 8,83 1,13-10™
0,050 7,05 6,61 9,27 1,14-1074
0,075 6,31 6,53 8,94 1,09-107%
0,100 6,72 6,39 8,95 1,05-10-4

OTKJIOHeHHe 3HAYeHUHN IPHU HUCCIeJOBAHHUAX
ImoKa3aTeJieHM TeIJIOQU3HUUYeCKHUX CBOHMCTB HKM
(TemmocTOMKOCTH 10 MapTeHcy, KTJIP) cocTaBisiio
4-6% 0T HOMHUHAJIBHOTO.

PE3Y/IbTATbI U UX OBCY)XXAEHUE
Insa ompeneneHUs MOBeJeHUS KOMIIO3UTOB IIOJ
BJIMSIHUEM TeIlJIOBOIO I10/1s ucciaemoBasicsa ux KTJIP.
YUMUTHEIBAS YCIOBUS 3KCIIYaTallUH 3MOKCHUIHBIX
KOMITIO3UTOB, ObIJI BBIOPAH AHAIA30H TeMIIepaTyp
AT=303-473 K.

PesynsTaThl pacyeTa KT/IP HAHOKOMIIO3MTOB IIPHU
Pas/IMUYHBIX TeMIIepaTypHBIX HHTepBajaaxX IMpUBe-
JeHBbl B Tabn.1l. YCTaHOBJIEHO, UTO C POCTOM TeMIIe-

patypsl KTJIP yBeTHYHBaeTCs, YTO CBUAETE/IBCTBYET
O MOBBINIEHUH BHYTPeHHeHU YHePIHuH HCCIelyeMBIX
HKM BceacTBHUe HMOABHXHOCTH MaKpoueneI?I H cer-
MEHTOB 3IIOKCHHOTO CBA3YIOLIEro.

B mpomecce sKCIIepUMeHTA/IbHBIX UCCIeJ0BAHUU
yCTaHOBJIEHO, YTO B AHama3oHax AT=303-323 K,
AT =303-373 K u AT=303-423 K HauMeHpmum KTJ/IP
xapakTepusyercss HKM npu cogepskaHUU ylaepeHa
Cg0 q=0,010 macc. %, a B obmactu AT=303-473 K Hau-
MeHbIIHUM 3HaueHHeM KTJIP xapaKTepH3yeTCs KOM-
[IO3UT IIPH MaKCHUMaJIbHOM COJeP;KaHHUHU QyiiepeHa
Ceo (@=0,100 macc. %). [Tony4ueHHBIe Pe3yIbTaThl CBU-
IeTeNbCTBYIOT 00 yMeHbIIeHU U GIYKTYyalluH CBsI3eH
Y IIOJBHU>KHOCTH MaKpolLleller U CerMeHTOB 3IIOKCHU]-

with Cy, were created with the use

of ultrasonic dispersion composi-

tions in the following modes:

+ pre-dosing of ED-20, resin heat-
ing to T = 353 + 2 K and its hold-
ing at this temperature for the
time t=20 + 0.1 min;

+ dosing of nanofiller and the fur-
ther introduction of it into the
epoxy oligomer;

¢ hydrodynamic alignment of the
oligomer ED-20 and nanofiller for
T=1+0.1min;

o ultrasonic treatment (UST) of the
composition for t=1.5+ 0.1 min;

« cooling the composition to room
temperature over a period of
T=60+5min;
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introduction of PEPA and mixing

the composition for =5+ 0.1 min.

+ atalater stage NCM was hardened
in the experimentally established
mode:

« creation of the samples and hold-
ing them for t = 12.0 + 0.1 h at
T=293+2K;

+ heating at a rate of v =3 K/min up
toT=393+2K;,

¢ holding NCM for t=2.0 + 0.05h;

+ slow cooling to T =293 + 2K.

In order to stabilise the structural
processes in NCM the samples
were held for t = 24 h in the air at
T=293+2K.

In the project the following
thermal characteristics of NCM

are studied: thermal resistance
(Martens), the thermal linear
expansion factor and shrinkage.

The Martens heat resistance
for NCM was determined accord-
ing to GOST 21341-75 by heating
the sample at a rate of v = 3 K/min
subject to the constant bend-
ing load F = 5 + 0.5 MPa until it
is deformed by a predetermined
amount (h = 6 mm).

The thermal linear expansion
factor of materials was calcu-
lated by the curve of the relative
deformation and temperature by
approximating the dependence
of the exponential function.
The relative deformation was
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Tabauua 2. Tennodusudeckue cgoticmea HKM
Table 2. Thermophysical properties of NCM

Copep>xaHme HaHoHanosHuTens Cq,, q, Macc. %

Content of the nanofiller Cg,, q, wt.%

XapakTepucTuku
Features Matpuua
Matrix 0,010 0,025 0,050 0,075
TennoctomkocTb, T, K
Thermal resistance, T, K 339 342 342 342 342 341
Ycapgka, AL, %
Shrinkage, AL, % 0,31 0,15 0,39 0,31 0,15 0,15

HOTO CBS3YIOLLero BCAeACTBHE YBeJIHYeHUS I1JIOT-
HOCTH IIPOCTPAHCTBEHHOH ceTKHU. llemecoobpasHo
OTMEeTHUTh, UTO 3HaueHUe KTJIP B mrarnasoHe IOBhI-
HIeHHBIX TeMIepaTyp HeCylmeCTBeHHO OTAHYa-
eTCs [JIS1 KOMIIO3UTOB C Pa3/JIMYHBIM COJep>KaHHEM
HamonHutensa (Aa=+0,09-10"% K1), uTo cBUETe/Ib"
CTBYeT O PAaBHOMEPHOM IIPOTeKaHUU QU3UKO-XUMHU-
YeCKHUX IPOIeccoB Npu ciiMBaHuK HKM u 11enecoo-
6pa3HOCTH MCIIOB30BAHUS HE3HAUUTEIBHOTO COZlep-
SKaHHUS HATIOJTHUTeIS.

OcobeHHO BaskeH aHA/IK3 pelaKCal[HOHHBIX Ilepe-
XO0Jl0B B SIIOKCMKOMIIO3UTAX, B YaCTHOCTH, TeMIle-
patypel cTtekaoBaHus (T.), KoTopasi XapaKTepHU3H-
pyeT MOABHKHOCTh HE3aBHUCHMBbIX KUHEeTHUUYECKHUX
3JIeMeHTOB (MaKpOMOJIEeKYyJ U CEeTMeHTOB) 3IIOKCH -
HOTO CBSI3yIOIero. YCTaAHOBJIEHO, YTO TeMIlepaTypa
CTeKJ0BaHHA 3MOKCHUKOMIIO3SUTOB C YaCTUI,AaMH
dynnepena Cg,, (q = 0,010-0,100 mMacc. %) HAXOLUTCS
B nuamnasone T. = 330-337 K. HesHauuTenbHad pa3-

determined by the change in the

RESULTS AND DISCUSSION

HHUIla 3HaueHUH AT, = 7 K cBUAETENBCTBYET O PABHO-
MEePHOM ITPOTeKAHHHU PeaKCaALMOHHBIX IIPOLIeCCOB
BO BCeX MCCIeyeMbIX MaTepHasax.

Pe3ynpTaThl HCCAeJOBAHHUS TeIJIOCTOMKOCTH
(mo MapreHcy) HKM mpexcrtaBieHsl B Tabn.2.
IIpepBapuTeNbHBIe UCIIBITAHU S ITOKa3aau [6-9], uTo
TeINJ0CTOMKOCTh MOOUPUIIMPOBAHHOM Y30 310K~
CHHOM MaTpPHIH cocTaBiasieT T = 339 K. BBefleHue
Cgo (@ = 0,010-0,100 macc. %) obecreduBaeT IIOBHIIIE-
HHUe TertocTonkocTu HKM mo T = 341-342 K.

He MeHee Ba>KHBIM SIBISeTCS aHAJNU3 3HAUeHUH
ycaJ K1 HaHOKOMIIO3UTOB. YcaZKka MeHee 1% (Tab1.2)
CBUJIETebCTBYeT 00 M30TPOIHOCTH MaTepHUaJioB U
KX JOJITOBEYHOCTH IIPY HAHECEHU U Ha IIOBEPXHOCTH
CJIOSKHOTO ITpodu .

CornacoBaHHOCTh AUHaMUKU KTJIP u Temo-
CTOMKOCTH (mo MapTeHcy) HKM B 3aBUCHMOCTH OT
comepkaHus HamoJHUTeNnsd Cyy CBUETEIBCTBYET O
JOCTOBEPHOCTH ITOAYYEHHBIX 3KCIIePUMEHTA/IbHBIX

due to the mobility of macrochains

sample length with increasing
the temperature under steady
state conditions (GOST 15173-70).
Samples for the research with
the size of 65x7x7 mm had
non-parallelism of the polished
ends of not more than 0.02 mm.
The length of the sample was
measured with an accuracy of
+ 0.0l mm. The heating rate was
v =2 K/min.

The deviation of values in
the studies of the thermal per-
formance properties of NCM
(Martens heat resistance, ther-
mal linear expansion factor) is
4-6% of the nominal value.

To determine the behaviour of
composites under the influence of
the thermal field, their thermal
linear expansion factor was stud-
ied. Taking into account the oper-
ating conditions of epoxy com-
posites, the temperature range of
AT =303-473 K was chosen.

The results of calculation of the
thermal linear expansion factor of
nanocomposites at various tempet-
ature ranges are shown in Table 1.
It was found that with increasing
temperature, the thermal linear
expansion factor increases, which
indicates an increase in the internal
energy of the NCM under research

and epoxy binder segments.
During the experimental
research it was found that in the
ranges T = 303-323 K, AT = 303~
373 K and AT = 303-423 K the low-
est thermal linear expansion fac-
tor is characterised by NCM with
the content of the fullerene of
Ceo q = 0.010 wt.%, and in the
area of AT = 303-473 K a composite
with a maximum content of Cg,
(q = 0,100 wt.%) is characterised by
the lowest value of the thermal lin-
ear expansion factor. The obtained
results indicate a decrease in the
fluctuation of relations and mobil-
ity of macrochains and segments
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JaHHBIX. AHaIU3 IPUBEJEHHBIX Pe3yIbTaTOB HCCIIe-
N0BaHUS [103BOJIsIeT KOHCTAaTUPOBATh Lienecoobpas-
HOCTB HUCIIOTIB30BAHMUS Pa3paboTaHHBIX HAHOKOMIIO-
3UTOB M IOKPBITUI Ha UX OCHOBE JUJIS 3aIIUTHI 060-
PymoBaHUSA, SKCIUIyaTHPYEMOr0 IIPU TeMIIepaTypax
T =303-342 K. B T0 5Ke BpeMs HeobX0gUMBI LOIIOIHU-
TeJbHbIe UCCIeJ0BAHM S BO3MOKHOCTH MCII0/Ib30Ba~
Hus paspaboTaHHbX HKM Npu TeMIlepaTypax BhIIIe
T=342K.

BbiBO/bl

Ha ocHoBe mpoBeJeHHBIX HMCCIeLOBAHUMN MOKHO
KOHCTaTUPOBATh, UTO AJI151 QOPMUPOBAHU I HAHOKOM-
[I0O3UTHOTO MaTepHaja UM 3alUTHOTO IIOKPHITUS
C ITOBBIIIEHHBIMHY TEIVIOQU3UYECKUMU CBOMCTBAMHU
Ilesecoobpa3HO BBOGUTH B SIIOKCHHOE CBS3YIOllee
HAaHOJHUCIEePCHBIN HanonHUuTenb Cgy B KOTHUYECTBe
q = 0,01-0,05 macc. % Ha 100 macc. % onuromepa 3/-20
u 10 macc. % orBepauTens I19I1A. Ten0CTOMKOCTD
(rmo MapTeHCYy) TAKOTr0 HAHOKOMIIO3UTHOIO MaTepH-
asa cocrtasiasieTr T = 342 K.

Kapaces B.10.

HEM3BECTHbIW AJIMA3.

_ﬁ "™ "APTE®AKTbI" TEXHONOTMW

HccrnenoBaHue MoBefleHU s pa3paboTaHHBIX HAHO-
KOMIIO3MTOB I10J] BAHUSHKUEM TeIJIOBOTO I10JIs IT0Ka~
3aJ10, YTO IIpH AuamasoHe Temmnepatyp AT = 303-473 K
nenecoobpasHo ucronbs3oBaTth HKM c comepskaHHeM
yvactul Cy,q = 0,01-0,05 macc. %, ITOCKOIBKY Pa3sHHUILA
3HavyeHU U KTJIP n/14 BCcero criekKTpa HCCleLyeMbIX
KOMIIO3UTOB KoJiebyieTcs B IIpefesaX MOTrPeuIHOCTH
3KCIIePUMeHTa U cocTaBnseT Ax = (1,10-1,14)-1074 KL,
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of the epoxy binder as a result of
the increased density of the spa-
tial grid. It is worth noting that the
value of the thermal linear expan-
sion factor in the range of higher
temperatures does not differ much
for composites with different filler
content (Aa = + 0.09 - 107# K) indi-
cating that the uniform flow of
physical and chemical processes
in cross-linking the NCM and the
practicability of using a smaller
filler content.

Especially important is the anal-
ysis of the relaxation transitions in
epoxycomposites, particularly the
glass transition temperature (Tg)
which characterises the mobility
of independent kinetic elements
(segments and macromolecules) of
the epoxy binder. It was found that
the glass transition temperature
of epoxycomposites with fullerene
particles Cy, (q = 0.010-0.100 wt.%)
is in the range T = 330-337 K. A
slight difference in AT, = 7 K values
indicates a uniform flow of relax-
ation processes in all the studied
materials.

The results of the NCM heat
resistance (Martens) study are
presented in Table 2. Preliminary
tests have shown [6-9] that the
heat resistance of the epoxy matrix
modified by UST is T = 339 K. The
introduction of Cg, (q = 0.010-0.100
wt.%) enhances heat resistance of
NCMto T =341-342 K.

No less important is to analyse the
shrinkage values of nanocomposites.
Shrinkage of less than 1% (Table 2) is
indicative of isotropic materials and
durability when applied to the sur-
face of a complex profile.

Consistency of the dynamics of
the thermal linear expansion fac-
tor and heat resistance (Martens)
of NCM depending on the content
of the filler C;, indicates the reli-
ability of the experimental data.
An analysis of the study results
allows to ascertain the useful-
ness of the developed nanocom-
posites and coatings based on
them for the protection of equip-
ment operated at temperatures
T = 303-342 K. At the same time,
it is needed to do more research

into the possibility of using NCM
developed at temperatures above
T=342K.

CONCLUSION

Based on the studies it can be stated
that for the creation of nanocompos-
ite materials or protective coating
with higher thermal-physical prop-
erties it is expedient to add to the
epoxy binder the nanosized filler Cy,
in the amount of q = 0.01-0.05 wt.%
per 100 wt.% of oligomer ED-20 and
10 wt.% of the hardener PEPA. Heat
resistance (Martens) of the nano-
composite material is T =342 K.

The research into the behaviour
of the developed nanocomposites
under the influence of the thermal
field has shown that in the tempera-
ture range AT = 303-473 K it is advis-
able to use NCM with the content
of particles Cy; q = 0.01-0.05 wt.%
since the difference in thermal
linear expansion factor values for
the entire spectrum of the stud-
ied composites is in the range
of experimental error and is
Ao =(1.10-1.14) - 104 K1, |
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