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Y nucepramii BupilIeHa HAyKOBO-TEXHIYHA 3ajJaya, fAKa IMOJArae y
30UTBIIIEHH] Pecypcy poOOTH TEXHOJIOTIYHOTO YCTaTKyBaHHS 3a PaxXyHOK
BUKOPHUCTAHHS PO3pO0IICHUX 0aratopyHKIIIOHATBHUX CMOKCHUJTHUX
HAHOKOMIIO3UTIB 3 TMOJINIICHUMH JIeIEKTPUIYHUMHU BJIACTUBOCTSIMHU, a TaKOXK Y
BCTAHOBJICHHI ~ 3aKOHOMIPHOCTEH  B3a€MO3B’3KY  (I3UKO-MEXaHIYHUX  Ta
TEMIO(I3UYHUX BIACTUBOCTEH 31 CTPYKTYpOIO MaTepialliB, SKYy pPEryjirolTh
IPOrHO30BaHUM BBEACHHSAM Y 3B’si3yBau Moaudikatopa 4,4 — cynsdoninodic (4,1 —
dbenuien) 6ic (N, N — nuernnautiokapbamaty) Ta HaHoaucnepcHoi caxxi CARBON
BLACK mapku PowCarbon 2419G 3a onTUMalbHOTO BMICTY.

AKTyanpHICTh JAHOTO HANPSAMKY JOCHIKEHb 3yMOBJIEHAa THUM, IO Ha
ChOTOJHI 0COOJIUBY yBary NpUAUIAIOTh BUBYEHHIO HAHOCTPYKTYPHUX MOJTIMEPHHUX
MaTepianiB, SK HaWOIIBII TEPCIEKTUBHUX OaratoyHKIIOHATLHUX KOMIIO3UTIB.
[TpyunHOIO 1LILOMY CIYTy€e T€, IO MPU MEPEeXOl BiJl MIKPO- 0 HAHOPO3MIPHHX
YaCTOK KOMIIO3UTHI MaTepiaau HaOyBalOTh HOBUX XapaKTEPUCTHUK, SKI HE JOCSKHI
Opyu  BUKOPUCTAHHI  MIKpPOYAacTOK. ToMmy, BBEIEHHS  HaHOAMCIIEPCHHUX
HAIMlOBHIOBAYiB pa3oM 13 Moau(dikaTopamMu J103BOJIsi€ €()EKTUBHO Ta CHPSIMOBAHO
dbopmyBat (yHKIIOHATBHI TIOJIMEPHI KOMIIO3UTH 3 Hamepes 3aaHuMu (i3uKo-
MEXaHIYHUMHU, TeUIOQI3UYHUMH U J1eTEKTPUYHUMU BIACTUBOCTIMU. Buxonsuu 3
1IbOT0, PO3POOIEHHS MOAU(DIKOBAHUX E€MOKCUIHUX KOMITO3UTIB IIUISIXOM BBEIACHHS
HAHOJMCIIEPCHOTO HAMOBHIOBaYa 00paHoi (i3uKO-XIMIYHOI MpUpOau 0OyMOBIICHE

aKTyaJIbHICTIO iX 3acTtocyBaHHA. [IpM 1bOMYy, BUKOPUCTaHHS TakUX MarepiaiiB



nepenbayae 30LIBIICHHS pPecypcy poOOTH JneTajeil Ta MeXaHi3MiB 3aco0iB
TPAHCIIOPTY, L0 JO3BOJIAE 3HU3UTU 3aTPATH HA iX BUTOTOBJICHHS Ta PEMOHT.

Merta nucepraiiitHoi poOOTH — BCTAHOBUTH OCHOBHI 3aKOHOMIPHOCTI
dbopmyBaHHS MOMM(DIKOBAHWX 1 HAMOBHEHUX HAHOAUCTIEPCHUM TEXHIYHUM
ByIJlelieM  (Caker) eMOKCUJIHMX OaraTo(yHKI[IOHAJIbHUX  KOMIIO3UTIB 3
NIJBUIIEHUMHU EKCIUTyaTalliiHUMU Ta J1eIEKTPUYHUMHU BJIACTUBOCTSIMHU Ta BUATU
peKoMeHalli o0 CTBOPEHHS Ha IX OCHOBI MOKPUTTIB I 3aXUCTY JeTajei
TPAHCIIOPTHUX 3aCO0IB.

VY BcTyni MoKa3aHO Cy4acHHUN CTaH MpoOJeMH, OOTPYHTOBAHO aKTyalbHICTh
BUOOpY TeMH JAMCepTaliifHOi poOoTH, CcPOPMYIHOBAHO METy Ta 3aBJaHHs
JOCIIJIKEHb, HABEJACHO HAYKOBY HOBHU3HY M NpPAKTUYHE 3HAYCHHS OTPUMAaHUX
pe3yJbTaTiB.

VY mepiomy po3nuii po3MVITHYTO Ta HaBEACHO HEOOXITHI eKCIUTyaTariiHi i
TEXHOJIOT1YHI XapaKTEPUCTUKH, SKUMHA MalOTh BIJ3HAYaTHUCS MOJIMEpHI 3B’ s3yBayi
(MaTpuIlsi), MO BHUKOPUCTOBYIOTH IPU BUTOTOBJICHHI 3aXHUCHUX TOKPUTTIB
OaratoyHKIIOHAIBHOTO TTpu3HaUYeHHs. [IpoBeieHO aHai3 ICHYIOUHX MOJIMEPHUX
MaTpULlb PI13HOI MPUPOAH Ta ckiaay. [Ipu iboMy BCTaHOBJIEHO, IO palllOHATILHUM
npu  QpopmyBaHHI  OaraTo@yHKIIOHAILHUX  MOKPUTTIB 3  MOJIMIICHUMHU
TETeKTPUIHUMH BJIIACTUBOCTSIMH € BUKOPUCTAHHS PEeaKTOIUIACTUYHOTO 3B’ sI3yBayva
Ha OCHOBI enokcuaHo-A1anoBoi cmonu EJI - 20 Ta tBepauuka [1EITA. Takuit Bubip
KOMIIOHEHTIB Il OJIITOMEPHOTO 3B’si3yBaua OOYMOBJIEHUM YHIKAJIbHUMH iX
XapaKTepUCTHUKAaMH, BIJIHOCHO HE3HAYHOIO BApTICTIO CHPOBUHU 1 PO3BHUHEHOIO
0a3z0r0 B Mexkax Ykpainu. IIpoaHamizoBaHO OCHOBHI HANPSMKH ITiIBHIICHHS
eKCIUTyaTalllfHUX XapaKTEpUCTUK MaTepiajiB MUIIXOM XIMIYHOI, (i3uyHOi Ta
Gb13uKo-XiMiYHOT MOauGIKaIlii eMOKCHIHOTO 3B’s3yBaua, M0 JO03BOJIIE CYTTEBO
BIJIMBATU HA CTPYKTYPY KOMITO3UTIB Ta 3MIHIOBATH iX BIaCTUBOCTI. OOIrpyHTOBaHO
BUOIp MoaudikaTopa Ta HAaHOHAMOBHIOBadYa st (OPMYBAHHS KOMITIO3MTHHX
MaTepiaiiB 3 MOMIMIICHUMH J11eIEKTPUIYHUMHU BIACTUBOCTSIMU.

Y napyromy po3aiiai ONMCaHO XapaKTepPUCTHUKU KOMIIOHEHTIB 3B’si3yBaua,

MoaudikaTtopa Ta HalMOBHIOBaya. HaBemeHi 3aralbHONPUUAHATI  METOIU



JNOCTIDKEHHSI aAre3iHux, (Qi3uko-mexaHlyHUX (pyHHIBHI HampyXeHHA MpH
3TUHAHHI, MOJYyJb MPY>KHOCTI MpU 3TUHAHHI, ynapHa B S3KICTh, 3aJMILIKOBI
HaIpy>XeHHA), TerIopI3uIHUX (TEPMIYHUN KOEMIIIEHT JIHIKHOTO PO3IIUPEHHS,
TEIUIOCTINKICTh, TEMIIepaTypa CKIYBAaHHS), PEOJIOTIYHUX (CepedHs TuHAMIYHa
B’SI3KICTh, ySIBHA C€HEpris aKTHBAIlil B’SI3KOI Teuli, MOYaTOK I'eJICyTBOPEHHS) Ta
eNeKTPOdI3UYHUX (EIEKTPONPOBIAHICTh MPU 3MIHHOMY Ta TMOCTIHHOMY CTpyMI,
JeNeKTpUYHA MPOHUKHICTh, TAHTEHC KyTa JIEJIEKTPUYHUX BTPAT) BIACTUBOCTEH
KOMMO3UTIB. /[01aTKOBO HaBeIEHO CydacHi METOAMKHU IOCIIHKCHHS CTPYKTYypHU
eMOKCHJIHUX KOMIIO3UTIB (onTuuHa, enekrpoHHa Mikpockomis, ATA 1 TLA-
aHaJIi3).

Tpetiit po3niyl NPUCBAYECHUM MUTAHHIM OINTUMI3AIl BMICTY MojaudikaTopa
4,4 — cynpdonindic (4,1 — ¢eninen) 6ic (N, N — auermnaurtiokapbamaty) y
CMOKCUJIHOMY 3B’s3yBayil Il TOJIMIIEHHS HOTO ajare3ifHUX Ta KOre3idHUX
BJIACTUBOCTEH. 3a  pe3yJbTaTaMd  aire3iiHuX  JOCHIPKeHb  MaTepiaiiB
BCTAHOBJICHO, IO MPU OJHAKOBOMY BMmicTi Moaudikaropa (g =0,1 mac.4.)
KpalllUMHA  BJIACTUBOCTSIMHU  BiJI3HAYAETHCS MAaTpHIsg, CQPOpMOBaHA IMUIIXOM
TIPOIMHAMIYHOTO CYMIIICHHS KOMIIOHEHTIB 3a JONOMOIOI0 YJIbTPa3BYKOBOI
00pOoOKM, TIOPIBHSHHI 3 MATPUIICIO, OTPUMAHOIO MEXaHIYHHM TO€HAHHAIM
1HTpeaieHTiB. BcTaHoBNeHO BIUIMB Mojaudikatopa Ha aaresiHi BIACTHUBOCTI
3B’s3yBaya J0 pI3HUX TMOBEPXOHb MeTamiB. JloBeaeHo, mo ans (GopMmyBaHHS
MaTpHulll 3 MOJIMIICHUMHU aAre31MHUMHU BIACTUBOCTSIMH JI0 OCHOBH 3 aJIOMIHIEBHX
crutaBiB Mapku J[16 1 mapku AMrS ontumanbHuil BMICT MOAH(]IKaTOpa CTAHOBUTH
q=1,50...1,75 mac.u. Po3pobnenuii wmarepian BiA3HAYAETHCS HACTYIHUMHU
BJIACTUBOCTSIMU: aJre3iiiHa MIIHICTh TPH BIJPUBI MATPHUIl BiJ OCHOBU 3
aFOMiHi€BOTO cruiaBy mMapku J[16 — o, = 51,3...55,5 MIla, aaresiitHa MIIHICTh IPU
BIIpUBI MAaTpUIll B OCHOBH 3 aJIOMIHIEBOTO CIUIaBy Mapku AMrS —
o, =52,7..54,1 MIla. JIna dbopmyBaHHsS MaTpulll 3 MOJIMIICHUMH aare31HUMU
BJIACTUBOCTSIMU /10 cTaieBOoi ocHOBH Mapku CT 3 HEOOXiMHO B EMOKCHIHUN
omiromep EJI-20 (100 mac.4.) BBoauT Moaudikarop B kiibkocti (= 1,50 mac.u.

[Ipu upbomy ¢dopMmyeThcsi MaTepian 3 HACTYNHHMHU BJIACTHBOCTSAMH: ajare3iifHa



MIIHICTh TPU BIIPHUBI MaTpulll BiJ ocHOBH 31 ctam mapku Ct 3 — g, = 41,9 MIla,
aaresiiiHa MIMHICT TpH 3CyBl (ocHOBa — ctamb Mapku Ct 3)—7=28,6 Mlla.
JlonaTKOBO BCTaHOBJIEHO, 1110 MPU BMICTI MoaudikaTopa B KUIbKOCTI = 1,5 mac.u.
CYTTEBO TIIBUIMYIOTHCA (DI3UKO-MEXaHIYHI BJIACTHBOCTI KOMIIO3HUTIB. Y TaKOMY
BUMAJKY (OPMYEThCS MaTepial 3 HACTyIHUMHU BJIACTUBOCTSIMH: PYWHIBHI
HAIpY>KEHHA TpH 3TUHAHHI 0, = 65 Mlla, Moayias MPYKHOCTI MpU 3rUHAHHI —
E =34 TITla, ynapua B’s3kicte —W =114 KI[)K/MZ. Merogom JITA Tta TrA
aHaji3y BCTAaHOBJIEHO TEeMIIEpaTypHi Jialma3oHH, TMpPU SKUX BIIOYBaIOThCS
CTPYKTYpHI TIEPETBOPEHHS, IO O€3MmocepeqHb0 BIUIMBAIOTh Ha TEIIO(i3ndH1
BJIACTHBOCTI PO3pOOJICHUX MaTepiaiB.

Y derBepTOMY pO3AUTT  PO3IIIIHYTO OCOOJMBOCTI BIUIMBY TEXHIYHOIO
Byraemto (HaHoaucrepcHoi mirmeHTtHoi caxi) CARBON BLACK wmapku
PowCarbon 2419G 3 nucnepcHicTio 24 = 2 HM Ha peoJoTiuHi, (13UKO-MEXaHiuHi,
TEIIO- Ta JIEeJEKTPUYHI BJIACTUBOCTI PO3po0JeHUX KOoMIo3uTiB. [IpoananizoBaHo
BIUIMB MEXAHIYHOTO Ta TIAPOJAMHAMIYHOrO cymimeHHsi ojiromepy EJ[-20 3
HAIMlOBHIOBAYE€M Yy BHIJISAl HAHOAMCIIEPCHOI CaXkli Ha BIJIACTUBOCTI CTBOPEHMX
MatepianiB. JloBeaeHo, 10 ONTUMAaNTBHUI BMICT YacTOK HaHOCcaxi (J = 1 mac.4.) B
EMOKCUIHOMY 3B’ s13yBadl MIPUBOJIUTH JI0 3HAYHOTO T1JIBUIIICHHS yAapHOi B’ I3KOCTI,
AK Ha TepIioMy, Tak 1 Ha JAPYroMy eTami yJapHOTO HaBaHTAKCHHS 3pasKiB.
MakcumanbHe 3HAYEHHS HABAHTAXKCHHS B MOMEHT TepIioi cTaiii pyHHYBaHHS
ctanoButh P'= 1,01 xH, na npyriit — P""= 1,83 xH. [loka3aHo, 1110 4ac mommpeHHs
TPIIIMH SIK HAa TEPIIii, Tak 1 Ha APYTiN cTajli 3MEHIIYETHCS BIIHOCHO MAaTpPHUI Ha
A7"=0,019 1 A7"=0,030 mc Bignosimno. [lapamenbHO 111 Takux MaTepiajiB
BCTAHOBJICHI MaKCHUMaJlbHI 3HAaYeHHS KpUTH4YHOI aedopmarii—1'=0,32 i
["=0,96 MM, 110 B CYKYIHOCTi CBiJUUTBH PO 30UTBIICHHS MIIHOCTI TMPHU ynaapi
PO3pOOICHUX KOMITO3HTIB.

Ha ocHOBi ekcnepuMEeHTaIbHUX JIOCIKEHb TEeTUIO(PI3UYHUX BIACTUBOCTEH
BHUBYCHO TMOBEJIIHKY CA)KOHAMIOBHEHUX KOMIIO3UTIB B YMOBAaX TEIUIOBOTO BIUIHBY.

BcranoBneno, mo pgo0aBka y BUIVISAI HAHOJIUCIIEPCHOI Caxli B KUIBKOCTI



g =1...5 Mac.4 icTOTHO 30UTBIITy€E TETUTIOCTINKICTH 11070 MaTpuili Bif 7= 341 K no
T=348...350 K.

BcraHoBI€HO, 110 YacTOTa €JIEKTPUYHOTO MO Ta KUTBKICTh HANOBHIOBaYa
CYTTEBO BIUTMBAIOTH HAa €NEKTPO(PI3UUHI BIACTHBOCTI JOCTIIKYBAHHX CHCTEM.
JloBeneHo, 1o 31 30UIBIICHHSIM BMICTY HAalOBHIOBaYa y CHCTEMI €JIEKTpPOIpO-
BIJIHICTh €KCIOHEHIIMHO 3pOCTa€, MPHU I[bOMY CIOCTEPITaEThCs TMEPKOJIAIINHUN
nepexij, a 1€ CBIAYUTH NPO YTBOPEHHS YacTKaMH HAIOBHIOBAauYa €JIEKTPONPOBIIHOT
citrku y wmarpuui. Ilpm npomy mnopir nepkossuii craHoBUTH ¢, = 6,9 mac.u.
BuBdyeHo 0c0OIMBOCTI Ii€IEKTPUYHOI MPOHUKHOCTI MartepiamiB. [lokaszano, 110
JieNeKTpUYHA TPOHHUKHICTh KOMIIO3UTIB Mai)keé HE 3MIHIOETHCS y YaCTOTHOMY
miamasoni 10°-10° ', mo moB’s3aHO 3i CTPYKTYPHHMH OCOOIHBOCTAMH YacTOK,
Akl 3a0e3MeuyroTh  ICHYBaHHS  MIHIMQJbHOTO  TPAII€HTYy  JI€JIEKTPUUHOI
MPOHUKHOCT1 MK MaTPHUIICIO Ta HAITOBHIOBAYEM.

Y no’stomy po3nuti  3a  JOMOMOTOI0  MAaTeMaTUYHOTO  TUIaHYBaHHS
eKCIIEPUMEHTY  ONTHUMI30BaHO  CKJIaJ  MOAM(PIKOBAHUX  CaKOHAITOBHEHHX
KOMIO3UTHUX MaTepianiB. HaBemeHo pesynbraTé  AOCHKEHHS — (Di3UKO-
MEXaHIYHUX Ta EJEKTPO(PI3UYHUX BIIACTUBOCTEM OTpPUMaHMX KOMIO3UTIB. lle
JTIO3BOJIUJIO PO3POOUTH M’SITh BapiaHTIB 3aXUCHUX MOKPUTTIB YIS X MPAKTHUYHOTO
BIIPOBA/KCHHSI. 3 ypaxyBaHHSM IX €KCIUTyaTalllHUX XapaKTEPUCTUK 3/1HCHEHO
MpPaKTUYHE BIIPOBA/KEHHS PO3POOJECHUX MaTepialliB sl MIJIBUILICHHS PECypCy
poOOTH TPAHCTIOPTHHUX 3aCO0IB.

HoBi xomMmo3utu 1 TEXHOJOTIIO iX (OpMyBaHHS BIPOBAIKEHO HA CYIHI
«Triumph 1V» cynnoBaacHoi kommanii «Avrey Commerce Ltd» (Ceiimenbehbki
octpoBu) npu #oro pemoHTi TOB «Cirpan» Ha Teputopii XepCOHCHKOTO
CyaHOOYAIBHOTO CYJHOPEMOHTHOTO 3aBOJy, IO 3a0e3Meuusio IiABUILEHHS
KOPO31¥HO1 1 Iiipoabpa3suBHOI CTIHKOCTI JA€TaIel TEXHOJIOTYHOTO YCTaTKyBaHHS Y
1,9...2,4 pa3iB Ta 3MEHIICHHS MEPIOJUYHOCTI BiTHOBJICHHSA NE(EKTHUX AUISHOK

neraner y 1,3...1,6 pasis.
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ABSTRACT
Smetankin S. O. «The development of multifunctional epoxy
nanocomposites with improved dielectric properties for improvement of the
transportation vehicles’ performance». — Qualifying scientific work as manuscript.
The dissertation for the degree of Ph. Dissertation on a speciality 132 —
materials science. — Kherson State Maritime Academy, Ministry of Education and
Science of Ukraine, Kherson, 2020.

The dissertation solves the scientific and technical problem, which consist in
increasing of the technological equipment’s durability through usage of developed
multifunctional epoxy nanocomposites with improved dielectric properties, as well
as in establishing patterns of physical mechanical and thermophysical properties’
relationship with the structure of materials, which is regulated by the predicted
adding into the binder of the modifier 4,4-sulfonylbis (4,1-phenylene) bis (N, N-
diethyldithiocarbamate) and nanodispersed soot CARBON BLACK PowCarbon’s
2419G brand at the optimal content.

The relevance of current researched area is derived to the fact that nowadays
special attention is paid to the research of nanostructured polymeric materials as
the most prospective multifunctional composites. The reason regarding mentioned
relevance consists in the following: during transition from micro to nanosized
particles, composite materials acquire new characteristics that are not achievable
when usage of microparticles. Therefore, the introduction of nanodisperse fillers
together with modifiers allows efficient and targeted formation of functional
polymer composites with predetermined physical-mechanical, thermophysical and
dielectric properties. Based on this, the development of modified epoxy composites
by introduction of a nanodisperse filler with the selected physical chemical nature

Is derived to the relevance of their usage. In such case, the usage of these materials



involves increasing the service life of the vehicles’ parts and mechanisms, which
reduces the cost of their manufacture and repair.

The purpose of the dissertation is an establishment of the main regularities for
formation of modified and filled with nanodispersed carbon black (soot) epoxy
multifunctional composites with high operational and dielectric properties and to
iIssue recommendations for creating coatings based on them for protection of the
transportation vehicle’s parts.

The introduction shows the current state of the problem, substantiates the
relevance of the dissertation’s topic’s choice, formulates the purpose and
objectives of research, presents the scientific novelty and practical significance of
the results.

The first section discusses and presents the necessary operational and
technological characteristics, which should be differed by polymer binders
(matrix), which, therefore, are used in the manufacture of protective coatings for
multifunctional purposes. The analysis of existing polymer matrixes with different
nature and composition is carried out. It was found that it is rational to use the
reactoplastic binder, based on epoxy-diane resin ED-20 and PEPA hardener for the
formation of multifunctional coatings with improved dielectric properties. That
choice of components for the oligomeric binder is derived by their unique
characteristics, relatively low cost of raw materials and a developed base within
Ukraine. It was performed the main directions’ analyzing of the materials
performance’s improvement by chemical, physical and physical chemical
modification of the epoxy binder, which allows to make the significant influence
on the structure of composites and alter their properties. The choice of modifier
and nanofiller for the formation of composite materials with improved dielectric
properties is substantiated.

The second section describes the components’ characteristics of the binder,
modifier, and filler. The following generally accepted methods of the composites’
properties research are accompanied: the research of adhesive, physical mechanical

(destructive stresses at bending, modulus of elasticity at bending, shock viscosity,



residual stresses), thermal physical (thermal coefficient of linear expansion, heat
resistance, glass transition temperature), rheological (average dynamic viscosity,
activation energy of viscous flow, the beginning of jellying) and electrophysical
(electrical conductivity at alternating and direct current, dielectric constant, the loss
tangent of a dielectric). In addition, modern methods of the epoxy composites’
structure‘s studying (optical, electron microscopy, DTA and TGA analysis) are
presented.

The third section is dedicated for optimizing the content of the modifier 4,4-
sulfonylbis(4,1 - phenylene)bis(N,N-diethyldithiocarbamate) in the epoxy binder to
improve its adhesion and cohesion properties. In accordance with the results of the
materials ‘adhesion research, it was found that with the same content of modifier
(0 =0,1 wt.%) the best properties has the matrix, formed by hydrodynamic
combination of components by ultrasonic treatment, as compared with the matrix
obtained by mechanical combination of ingredients. The effect of the modifier on
the binder’s adhesive properties to different metal surfaces has been established. It
was proved that for the formation of a matrix with improved adhesion properties to
the base of aluminum alloys brand D16 and brand AMg5, the optimal content of
the modifier is g =1,50...1,75 wt.%. The developed material is excreted by the
following properties: adhesive strength at shear of a matrix from a basis from an
aluminum alloy of the D16 brand is ¢, =51,3...55,5 MPa, adhesive strength at
shear of a matrix from a basis from an aluminum alloy of the AMg5 brand -
0, =52,7...54,1 MPa. For the formation of a matrix with improved adhesion
properties to the steel base grade St3 it is necessary to add into the epoxy oligomer
ED-20 (100 wt.h.) the modifier in the amount of g = 1,50 wt.%. In this case, the
material is formed with the following properties: adhesive strength at the shear of
the matrix from the base of steel grade St3 — o, = 41,9 MPa, adhesive strength at
shear (base - steel grade St3) — z = 8,6 MPa. Additionally, it was found that when
the content of the modifier in the amount is q = 1,5 wt.h. significantly increases the
physical and mechanical properties of composites. In this case, a material with the

following properties is formed: destructive bending stresses oy, = 65 MPa,



modulus of elastity — E = 3,4 GPa, impact toughness — W = 11,4 ki/m?. The
temperature ranges at which structural transformations occur that directly affect the
thermophysical properties of the developed materials are established by the method
of DTA and TGA analysis.

The fourth section considers the features of the soot (nanodispersed pigment
carbon black) CARBON BLACK brand PowCarbon 2419G with a dispersion of
24 + 2 nm influence on the rheological, physical mechanical, thermal and dielectric
properties of the developed composites. The influence of mechanical and
hydrodynamic combination of oligomer ED-20 with filler in the form of
nanodispersed carbon black on the properties of the created materials is analyzed.
It was proved that the optimal content of nanosoot particles (q =1 wt.%.) in the
epoxy binder leads to a significant increase in impact strength, both in the first and
in the second stage of the samples’ impact load. The maximum value of the load at
the time of the first stage of failure is P’ = 1,01 kN, the second — P = 1,83 kN. It is
shown, that the crack propagation time in both the first and the second stage
decreases relatively to the matrix by 47" = 0,019 and 47" = 0,030 ms, respectively.
In parallel, the maximum values of critical deformation are set for such materials —
'=0,32 and I" = 0,96 mm, which together indicates an increasing of the impact
strength for the developed composites.

Basing on the experimental researches of thermophysical properties, the
behavior of soot-filled composites in the conditions of thermal influence was
studied. It was established that the additive in the form of nanodispersed carbon
black in the amount of g = 1...5 wt.% significantly increases the heat resistance to
the matrix from T =341 Kto T = 348...350 K.

It was established that the frequency of the electric field and the amount of
filler significantly affect the electrophysical properties of the studied systems. It is
proved that with increasing filler’s content in the system, the electrical
conductivity increases exponentially, and a percolation transition is observed,
which indicates the formation of electrically conductive mesh particles in the

matrix. In this case, the percolation threshold is ¢, = 6,9 wt,%. The peculiarities of



dielectric constant of materials were researched. It was shown that the dielectric
constant of composites does not change in the frequency range 102-105 Hz, which
Is due to the structural features of the particles, which ensure the existence of a
minimum gradient of dielectric constant between the matrix and the filler.

In the fifth section, the composition of modified soot-filled composite
materials is optimized by usage of the experiments’ mathematical. The research’s
results of physical mechanical and electrophysical properties of the received
composites are given. This allowed to develop the five variants of protective
coatings for their practical implementation. With account of their operational
characteristics, the practical implementation of the developed materials to increase
the service life of vehicles was carried out.

New composites and technology of their formation were introduced on the
ship «Triumph I1V» of the shipowner company «Avrey Commerce Ltd»
(Seychelles) during its repair LLC «Sigran» on the territory of Kherson
shipbuilding shipyard, which increased corrosion and hydroabrasive resistance of
technological equipment in 19...2/4 times and reducing the frequency of
restoration of defective parts by 1,3...1,6 times.

Key words: multifunctional protective coating, modified matrix, modifier,
nanodispersed carbon soot, adhesion, physico-mechanical, rheological, dielectric

properties, technology.



