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INVESTIGATION OF PROEPRTIES OF HYBRID CFRP/SWCNTCOMPSITES

M.V. BURKOV'?, AV. EREMIN!
Lnstitute of strength physics and materials science,
2 Tomsk Polytechnic University

Composites are widely used in aerospace offering the engineer a possibility to create
lightweight parts suitable for exact loading conditions: polymer matrix composites are used for
mechanically loaded aircraft structures, ceramic matrix composites applied for engine parts can
withstanding high temperature and corrosive environment, etc. However aerospace demands
specific properties: the skins should be electrically conductive to ensure that high-voltage impact
during lightning strike would not damage the aircraft. Metal structures do not require any
additional solutions due to good electrical conductivity but in CFRP designs the engineers need to
use special techniques which however modify only the surface of CFRP making the production
technology more complicated. The enhancing of the bulk properties of CFRP is a promising way
to improve both electrical conductivity and thermal one, which is also quite important.

Naturally carbon fibers are conductors but the epoxy is an insulator. The carbon fiber/epoxy
composite due to high anisotropy demonstrate insufficient electrical conductivity, which can be
improved by additives establishing cross-links between the layers of carbon fiber by an addition of
carbon nanofibers, carbon nanotubes or graphene. Such materials have affinity with carbon fiber
fabrics and epoxy binder resulting in high adhesion thus CFRPs can be upgraded to hybrid
composites with great electrical and thermal conductivity along with high mechanical properties.

The aim of the present work is to investigate the electrical properties and quasi-static
fracture behavior of hybrid carbon fiber reinforced polymers modified with single-wall carbon
nanotubes (SWCNT). The resistivity of both modified and non-modified CFRP specimens were
measured. The mechanical behavior of CFRP was evaluated via three point bending tests and
static tension.

The specimens are produced using carbon fabrics, VATI basalt fabrics with densities of 200
g/m? both and epoxy binder resulting in a 2.1 mm thick 12-ply orthotropic laminate. The basalt
layers allow avoiding the contact between neighboring carbon fiber layers and helping to
investigate directly the effect of modification by CNTs. Hand lay-up with hot pressing using
Gotech 7014-R (pressure 0.48 MPa, heating of plates to 60 °C, 12 hours) was used to fabricate
blanks which were cut into specimens using milling machine. The SWCNTSs by OCSiAl were used
to modify CFRP and were added into epoxy. In order to obtain a uniform distribution and
deagglomeration the mixture was subjected to ultrasonication during 20 min. Then modified epoxy
was manually mixed with hardener. The specimens were tested using Instron 5582 universal
testing machine. Quasi static tension was performed at the rate of 1.5 mm/min with gage length of
70 mm. Three-point bending was conducted with the span of 60 mm at 10 mm/min rate. Three
specimens were tested for each CNT content and testing method.

In order to perform conductivity measurement the CFRP and epoxy the specimens were
coated with silver conductive paint. The epoxy specimens were tested only in one configuration:
between the ends of cylindrical specimen. While for CFRP specimens there were 3 configurations:
in-plane surface measurement, out-of-plane diagonal and out-of-plane through thickness. For each
CNTs content the conductivity measurements were conducted for 3 epoxy and 2 CFRP samples.

Tensile tests. The failure mode of all specimens was lateral crack at the grip. Table 1
presents the summarized results of tensile tests. Ultimate strength and modulus are not
significantly affected by addition of CNTs. The result is agreed with theoretical assumptions:
tensile strength and modulus depends mainly on the longitude oriented fibers while the impact of a
binder is small.

Bending tests. In bending tests the strength and stiffness of matrix greatly influences the
final properties of CFRP/SWCNT hybrid composites. The shearing stresses occurring in
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interlayers of bended specimen are held by binder. Thus modification of matrix should improve
flexural mechanical properties.

Table 1 - Results of mechanical testing

Deflection

CNT Strain at Modulus Flexural at Flexural
Specimen wtCV' UTS, MPa fracture, GPa ' strength, fracture modulus,
70 % MPa N GPa

CNT-0 0 601.7£18.8  6.9+£0.6  9.81+0.25 493.1+1.7  2.9+0.05  48.1£1.01
CNT-1 0.1 590.8+13.5 6.6+£0.2 9.84+0.18 510.4+59 3.1+£0.2 49.4+1.57
CNT-2 0.2 583.5+17.2 6.4+0.1 9.58+0.36  585.1£58 3.4+0.4 52.3+1.13
CNT-3 0.3 604.6+153 6.3+03 9.71+£0.23  604.9+£29 3.3+0.3 55.942.16

Table 1 present the results of 3-point bending test. It can be seen that both flexural strength
and modulus were increased by 23% and 16% correspondingly for 0.3 wt.% of SWCNT. The
modification increases the flexural strength of hybrid composite, but the scatter is quite high for
CNT-1 and CNT-2. Flexural modulus with increase of CNTs demonstrates a uniform growth with
average scatter. The increase of flexure properties is attributed to higher shear strength of binder
and adhesion between the layers after modification.

Conductivity measurements. The results of conductivity measurements are presented in
Table 2. Non-modified epoxy has very low electrical conductivity: less than 107" S/m. The addition
of 0.1% of CNTs increases its conductivity to 0.012 S/m. Larger CNTs content results in nonlinear
drastic rise of conductivity to 0.063 S/m for specimen CNT-3. The scatter for CNT-1 is about 6%
while for CNT-2 — 27%. The results demonstrate the possibility of enhancing the conductivity of
materials using CNTs: the dielectric epoxy after modification acquired conductive properties.

The in-plane conductivity of CFRP (Fig. 5b) depends only on the surface fiber layer thus in-
plane conductivity demonstrates slight increase with addition of CNTs however the CNT-0
specimen is conductive as well: 564 S/m. Quite identical results of out-of-plane through thickness
and diagonal measurements along with null conductivity for CNT-0 are showing that the final
electrical conductivity of hybrid CFRP in out-of-plane mode is dictated by epoxy matrix. Thus an
addition of CNTs enhances conductivity in final hybrid CFRP even if it was zero. Table 4 shows
electrical properties for modified and non-modified specimens measured in three directions.

Table 2 - Electrical conductivity of the specimens.

Electrical conductivity, S/m

Specimen eDOXY Specimen CFRP in-plane CFRP out-of- CFRP out-of-
POXy Sp surface plane diagonal plane thickness
CNT-0 <107 564+319 <10° <10°
CNT-1 0'01(1i6f,)/'(;007 5144252 6.8£1.5 7+1.18
()
CNT-2 O'O(f;(;;,?g% 7024228 16.1£1.5 16.3+1.02
(1]
CNT-3 0'06(12%025 865+184 65.3+11.1 66.249.9
(V]

The investigation of CFRP modified by SWCNT was performed. The experiments were
focused on the evaluation of electrical conductivity and mechanical properties. It has been shown
that tensile properties are less affected by addition of SWCNT while flexural were improved.
Addition of 0.3 wt.% SWCNTSs results in improvement of flexural strength and modulus on 22%
and 16% correspondingly. Electrical conductivity after the addition of SWCNT raised both for
epoxy and CFRP. The effect of CNTs on CFRP conductivity is much higher for out-of-plane path
provided by interlayer connections in epoxy binder while in-plane conductivity determined by
carbon fibers and therefore it shows an ambiguous increase with large scatter. Addition 0.3 wt.%
of SWCNT increases out-of-plane conductivity up to ~66 S/m while unmodified CFRP was
dielectric. The proposed method for producing of hybrid composites has good potential and future
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research is to be linked to the development of reliable and inexpensive preparation and mixing
technique and investigation of fatigue properties which are quite important for industrial
application.
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B HacTosmmee BpeMsi K KOHCTPYKLHMOHHBIM MaTepuaaM HPEAbSIBISAIOTCS OYEHb BBICOKHE
SKCIUTyaTallHOHHbIe TpeOoBaHus. [lomMMepHbIE KOMITO3WIIMOHHBIE MaTepuanbl HE SBISIOTCS
UCKIIOUeHHeM. JInsi BBIMOMHEHHST OSTHX TPeOOBaHWA, HCIOIb30BAaHUE TEPMOILUIACTHYHBIX
MOJIMMEPOB B KAYE€CTBE OCHOBBI IIPU CO3JaHUU KOMITO3HMLIMOHHBIX MAaTEpHaIOB SBJSIETCS OJHUM U3
3¢(}EeKTUBHBIX  pelieHWid.  bjaromaps  CBOMM  YHUKaJIbHBIM  COYETAHHEM  CBOWCTB,
CBEPXBBICOKOMOJNIEKYApHbI monuaTwien (CBMIID) Haxoauteds B 4wncie MEPCHEKTHUBHBIX
marepuanoB [1]. Cnemyer 0co00 OTMETHTH, YTO Ha KOHEUYHbIC (YHKIMOHAIbHBIC CBOWCTBA
MOJMMEPHBIX KOMIO3UTOB Ha ocHoBe CBMIID Moryr oka3plBaTh BBOJAHMMBIE B COCTaB IIMXThI
HATIOJIHUTEITN-MOJU(PHUKATOPBL. Y CTAaHOBJICHO, YTO BIMSHHUE OKa3bIBAET KaK UX KOJIMYECTBO, TaK H
oucrepcHocTb. Kpome TOro BAMSET X «IIPOHCXOXKAEHHE», TO €CTh METAUIMYECKHE OHU WM
OpTraHHYECKHE.

B pabGote Obu1O0 wHccleOBaHO BIMSHHUA JUHAMHUKH Harpy)KeHHsS Ha MeXaHHYecKue
xapakrepuctuku kommno3utos CBMIIO+YHT.

HcxonHbIMU KOMIIOHEHTAMH ISl KOMIO3UTHOM IIMXThI HCTIOIB30Ba N nopouok CBMIID
npom3BoactBa OO0 " THXK ", B kauecTBe OCHOBHOTO MaTepuana (MaTpuIlbl); a B POJIH
HaroJHUTeNs — yrpepoansie HaHOTpyOku (YHT), momydeHHble W3 OpraHMYECKOro MPHPOJIHOTO
MaTepuaia (charnyma) METOIOM TOPOJIN3A U JUCIIEPrHPOBAHHBIE HA TEXHOIOTHYECKUX PEXUMax
0TpabOTaHHBIX aBTOpaMHU. VX XapakTepuCTUKK NpuBeIeHBI B Tadmue 1.

Tabnuna 1- OcHOBHBIE XapaKTEPUCTHKH UCIOIB3YEMbBIX MaTEpPHUaJIOB

XapaKkTepucTuka CBMIID YHT
MOJIEKYJISIpHAsl Macca, I/MOITb 6.5%10° -
Pa3meps! yactuir, MKM 70-110 0,01-0,07
HachblnHas II0THOCT, I/cM® 0,35 0,4

B xome cMmemeBaHus Obumm  IOAroTOBiEHBl  KoMmosumuu CBMIID+YHT ¢
KOJMYECTBEHHBIM cojepkanueM HanomHutens 1;3;5;10 u 15% (Bec.). Kommosutel Obin
H3TOTOBJICHBI METOJIOM KOMIIPECCHMOHHOI'O TOPSIYEro MpecCOBAaHUS HA OPUTMHAIBHON yCTaHOBKE,
Gasupyromascsa Ha ocHose npecca P-20 [2,3] .

HccnenoBanuss MEXaHWYECKHX CBONCTB KOMIIO3UTOB TPH PACTSDKCHHHM TPOBOAMIA HA
VHHBEpCaJbHBIX WCHBITANbHBIX MammHax «UGT-7001-HC6» wu  «Instron-5582», ckopocTb
Harpyxenust (pactsokennsi) 10 m 2 MM/MHH., COOTBETCTBEHHO. Ipadmueckast MHTEpIIpETaIlVsI
MOJTyYEHHBIX YUCIICHHBIX 3HAaYeHUH 0TOOpakeHa Ha pucyHKax 1,2.

BrlmenpuBeieHHbIE UCCIIEOBAHUS PEATH30BBIBAIMCh, HAa CTaHAAPTHBIX 0O0paslax, B
cootBercTBuu ¢ TOCT 11262-80. Pe3ynbraThl McciieaoBanus 00paboTansl ¢ momorinso Microsoft
Excel 2013 [3].

Ilpu aHanmu3e NOMYYEHHBIX 3HAYCHUH OMNPEENEHO, YTO IPHU CKOPOCTH HArpPYKEHUS
10 MM/MHH. KOMIIO3HUTHI TIOKa3bIBAIOT 00JICE€ BHICOKHE 3HAUCHUS Mpeieiia TeKYyUeCTH, TPOYHOCTH U
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