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Abstract

The article presents the state of knowledge in the field of dynamic tests with the use of Drop Tower
devices of the impact energy of a spherical pivot 18 J. Developed structures of composite samples were
presented, with dimensions of 150%100 mm, consist of unidirectional prepreg MTM46/HTS (12K)-
150-35% RW and adhesive film with and without addition of graphene plane. The impact strength of these
composites panels were investigated according to ASTM D7136/7136M-15 method. Relationship
between impact force versus time during impact test was presented. Relationship between deformation
and impact energy in the time of the test was also consulted. The type and degree of samples destruction
were observed by the microscope. The effect of graphene addition on the properties of carbon fiber-
epoxy resin composites were determined.
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1. INTRODUCTION

Polymer composites, including carbon fiber-epoxy resin composites, are broad scale used as
structural components in the automotive, aviation, acrospace industry [1+4]. Due to well-known
limitations in application of such materials numerous solutions to eliminate or reduce the
disadvantages of their features were proposed. One such solution is to make the composite material
even more complex by the inclusion in its composition nanofillers. Nanofillers not eliminate the
positive features of polymer composites, such as low weight, high stiffness, high fatigue resistance,
and at the same time introduce new advantageous properties. The example can be a reduction in
brittleness of the composite material, which has a further influence on increasing the resistance of
delamination and cracks, and that kind of destructions are undesirable in aircraft structures [5 + 7].

Nowadays, one of the most interesting and advanced nanofiller is graphene. The addition of
graphene to polymer composites has complex effects on the properties of the composite material.
The tensile strength of composites with graphene is shaped twofold. A small addition of graphene (less
than 1 wt.%) results in an increase in tensile strength up to 25%. On the other hand, when the
graphene content in the composite is more than 1 wt. %, graphene composites have worse properties
than material without graphene reinforcement. Similar situation occurs in bending tests [8]. The
bending strength properties decrease with increasing graphene percentage in the composite, due to
the difficulty of uniform dispersion of graphene in the resin with the increasing mass fraction of the
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nanofiller. In addition, the high content of graphene increases the viscosity of the resin, resulting in
the formation of voids in the structure, which negatively affects the composite properties.

Apart from the influence on the mechanical properties of composites graphene contributes to
a better thermal resistance of the material, therefore, the graphene coating can be used as an element
lowering the ignition of the composite parts [9, 10].

Quoted works on strengthening the carbon fiber-epoxy resin composites concern using reduced
graphene oxide in forms of flakes with dimensions not exceeding a few hundred nanometers. There
is no data on the production and properties of composites reinforced with larger graphene structures.
This paper presents methods for producing composites reinforced with graphene in a form of planes
with dimensions of 90x100 mm and shows the effect of the addition of such graphene on an impact
resistance of composites.

The aim of this study was to determine the impact resistance of composite panels with graphene
of dimensions of 90x100 mm and for comparison composites without graphene. The impact strength
was determined according to ASTM D 7136/ 7136M-15 method with the use of Drop Tower devices.

2. COMPOSITE SAMPLES USED IN IMPACT TEST

For testing the behavior of material after impact composite samples were prepared (Fig. 1). The
samples were cut from composite plates and were made from layers of unidirectional prepreg
MTM46 /HTS (12K)-150-35% RW type which was cured in an oven. Composite panel consisted also
of 6 layers of adhesive film and adhesives film with graphene (Fig. 1).
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Fig. 1. Vertical cross-section scheme of the arrangement of prepreg, adhesives films layer and
graphene plane in composite samples: a — sample with graphene and b — without graphene.

1 —prepreg layer, 2 - adhesive film, 3 — graphene sheet [Salacinska, 2016]

Fabricated composite samples measuring 100150 mm consisted of 20 layers of prepreg, 6 layers
of adhesive film with 6 graphene plane or without graphene.

For impact testing the following composites sample were prepared: samples with layers of
adhesive film without graphene — (KB) and adhesive film with graphene (GKB). The orientation of
unidirectional prepregs was as follows:

1. Sample with adhsive film only [45/KB/0/KB/-45/KB/90/KB/90/KB/-45/KB/0/ 45/45/0/-45/-

45/0/45],

2. Sample with adhesive film and graphene: [45/KBG/0/KBG/-45/KBG/90/KBG/45/KBG/0/KBG/-
45/90/45/0/-45/90/45/0].
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The taken samples consisted of graphene layers with dimensions of 90x100 mm, so the graphene
planes size was smaller than the composite samples.

3. DYNAMIC TEST OF GRAPHENE COMPOSITE SAMPLES

3.1. Impact test of samples

The impact tests were performed on Instron Drop Tower 9350
(Fig. 2). The samples and test procedure were made in accordance
with ASTM D7136 method. From each composite panel two
samples were cut. On one side of each sample, between the outer
layers of the prepreg the adhesive film were incorporated (Fig. 1).
Impact tests were performed from the opposite side, in the central
part of the adhesive film.

The samples were placed on an anvil of the test machine and
pressed by a pneumatic presser. Views of the sample before and
after pressing are presented in Figure 3.

Fig. 2. Instron Drop Tower 9350
test machine [Wisniewski, 2016]

Fig. 3. The sample on anvil of test machine: a — before pressing,
b — after pressing [ Wisniewski, 2016]

After the impact test measuring the depth of dent was made. The measuring stand is shown in
Figure 4.
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Fig. 4. Measuring stand for identification of the
dent depth [Wisniewski, 2016]
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Parameters of an impact test condition, which are identical for all samples, are shown in table 1.

Table 1. Impact test parameters

Impact energy

187

Impactor weight

5088 g

Impactor diameter

1.5

Drop hight

360 mm

Internal diameter of anvil

74 mm

Downforce to the anvil

1000 N

During the impact test fixture a few parameters were recorded such as: the force of penetration
of impactor into the sample, the sample deformation, energy and speed of impactor versus time.
Figure 5 shows the recorded force as a function of time during the impact test of the samples from
panels G-0.2+0.5 with or without the graphene plates, where KB 1, KB2 (sample with adhesive film)
and GKBI1 (samples with graphene).
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Fig. 5. Force vs time relationship in impact test for samples from panels: G-0.2+G-0.5 (KB, KB1, KB2 — samples
with adhesives film; GKB and GKB1 — samples with adhesives film and graphene) [Wilk, 2016]

Figure 6 shows the depth of deformation in the impact test.

The next examined parameter was the energy of impact, which was shown in Figure 7.
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Fig. 6. Deformation vs time relations in the impact test for samples from panels: G-0.2+G-0.5 (KB, KB1, KB2
— samples with adhesives film; GKB and GKB1 — samples with adhesives film and graphene) [Wilk, 2016]
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Fig. 7. Energy vs time relations in impact test for samples from panels: G-0.2+G-0.5 (KB, KB1, KB2 — samples
with adhesives film; GKB and GKB1 — samples with adhesives film and graphene) [Wilk, 2016]
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Figure 8 shows the velocity of impactor during impact test.
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Fig. 8. Impactor velocity vs time relations in impact test for samples from panels: G-0.2+G-0.5 (KB, KB1, KB2
— samples with adhesives film; GKB and GKB1 — samples with adhesives film and graphene) [Wilk, 2016]

Presented on graphs relationships indicate that the produced materials - sample composites with
graphene and without graphene, react in the same way on the destruction caused by the impact.
Incorporation of graphene to composite structure has no effect on the properties of the material. It can
be due to a small mass share of graphene in the sample. Nevertheless, received relationships allow
to be sure that the introduction of graphene does not weaken the properties of the material, and thus
developed method of manufacturing such materials is a well-promising one.

3.2. Microscope observation of sample after impact test

All samples cut from the panels G-0.2+G-0.5 were subjected to microscope observation after the
impact test with the use of Leica Microscope. For each sample 3 area was observed: the edge of the
area with adhesive film (OZKB), transition area (OP) and the area without adhesive films (OBKB).
Pictures were taken from both sides of the samples (a — left side and b — right side), ie. 6 images per
each sample. In addition, the surface of samples in the place of impact (POW) were shown. Figures
9+14 presenting all samples come from panels G-0.2+G-0.5 after the impact test.

Microscope observations show a very similar way of destroying the samples after impact. The
extent and the shape of the damage were the same. The exception is a sample of graphene-
G 0.3-CAI-GKB-RTA-01, where on the surface any traces of destruction were observed. To deduce
further conclusions about the effect of graphene on the surface condition it is necessary to examine
more samples.
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¢
Fig. 9. The view of edges and surface of sample G-0.2-CAI-KB-RTA-01 with adhesive film only after the impact
test: a, b — left and right side of edges; ¢ — surface of the whole sample, d — sample surface in impact area
[Salacinska, 2016]

Fig. 10. The view of edges and surface of sample G-0.2-CAI-GKB-RTA-01 with adhesive film and graphene
after the impact test: a, b — left and right side of edges, ¢ — surface of the whole sample, d — sample surface in
impact area [Salacinska, 2016]

Fig. 11. The view of edges and surface of sample G-0.3-CAl- KB RTA-01 with adhesive film only after impact
test: a, b — left and right side of edges; ¢ — surface of the whole sample, d — sample surface in impact area
[Salacinska, 2016]
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o d)
Fig. 12. The view of edges and surface of sample G-0.3-CAI-GKB-RTA-01 with adhesive film and graphene

sheets after impact test: a, b — left and right side of edges, ¢ — surface of the whole sample, d — sample surface
in impact area [Salacinska, 2016]

POW- sample G-0.4-CAI-KB-RTA-01 POW- sample G-0.4-CAI-KB-RTA-02
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Fig. 13. The view of surface of samples G-0.4-CAI-KB-RTA-01 and G-0.4-CAI-KB-RTA-02 with adhesive

film without graphene after impact test: a — surface of the whole sample, b — sample surface in impact area
[Salacinska, 2016]
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Fig. 14. The view of surface of samples G-0.5-CAI-KB-RTA-01 i G-0.5-CAI-KB-RTA-02 with adhesive film

without graphene after impact test: a — surface of the whole sample, b — sample surface in impact area
[Salacinska, 2016]

4. CONCLUSIONS

Based on the presented tests the following conclusions were drawn:

1. The impact test carried out on samples with and without graphene showed no change in the
response of the material to impact. Gathered relationship for samples with and without graphene
were identical. No differences in the process of destruction of the sample caused by impact or in
the size of damage were observed.

2. The developed method of graphene reinforced composite panel fabrication does not influence
impact properties of the material, and what is important does not weaken the composite.

3. The lack of positive influence of graphene on material impact properties may be due to its small
mass and volume percentage in the sample.



IMpACT TESTING OF CARBON FIBER-EPOXY RESIN COMPOSITE WITH GRAPHENE 279

BIBLIOGRAPHY

[1T Glover, B.M., 2004, “History of development of commercial aircraft and 787 Dreamliner”,
Aviat. Eng., 592, pp. 16-21.

[2] Pora,J., 2003, “Advanced materials and technologies for A380 structure. Flight airworthiness
support technology”, Airbus Custom Serv., 32, pp. 3-8.

[3] Soutis, C., 2005, “Carbon fiber reinforced plastics in aircraft construction”, Materials Science
and Engineering: A, 412(1), pp. 171-176.

[4] Davis, D.C., Wilkerson, J. W., Zhu, J., and Ayewah, D. O., 2010, “Improvements in mechanical
properties of a carbon fiber epoxy composite using nanotube science and
technology”, Composite Structures, 92(11), pp. 2653-2662.

[5] Mannov, E., Schmutzler, H., Chandrasekaran, S., Viets, C., Buschhorn, S., Télle, F., and Schulte,
K., 2013, “Improvement of compressive strength after impact in fibre reinforced polymer
composites by matrix modification with thermally reduced graphene oxide”, Composites
Science and Technology, 87, pp. 36-41.

[6] Liang,J., Wang, Y., Huang, Y., Ma, Y., Liu, Z., Cai, J., and Chen, Y., 2009, “Electromagnetic
interference shielding of graphene/epoxy composites”, Carbon, 47(3), pp. 922-925.

[7] Chen,J.Y., Cho,J., and Daniel, I. M., 2007, “Processing and characterization of carbon fiber/epoxy
composites reinforced with graphite nanoplatelets”, International Mechanical Engineering Congress
and Exposition, pp. 1111-1120, American Society of Mechanical Engineers.

[8] Shen, M.Y., Chang, T. Y., Hsieh, T. H., Li, Y. L., Chiang, C. L., Yang, H., and Yip, M. C., 2013,
“Mechanical properties and tensile fatigue of graphene nanoplatelets reinforced polymer
nanocomposites” Journal of Nanomaterials, 1.

[9] Qin, W,, Vautard, F., Drzal, L. T., and Yu, J., 2015, “Mechanical and electrical properties of
carbon fiber composites with incorporation of graphene nanoplatelets at the fiber—matrix
interphase”, Composites Part B: Engineering, 69, pp. 335-341.

[10] Zhang, X., Fan, X., Yan, C., Li, H., Zhu, Y., Li, X., and Yu, L., 2012, Interfacial microstructure
and properties of carbon fiber composites modified with graphene oxide”, ACS Applied
Materials & Interfaces, 4(3), pp. 1543-1552.

Prace wykonano w ramach realizacji pracy statutowej Instytutu Lotnictwa nr KLAK.21851.01

TESTY UDERZENIOWE KOMPOZYTOW
WEGLOWO-EPOKSYDOWYCH Z GRAFENEM

Streszczenie

W artykule przedstawiono stan wiedzy w zakresie badan dynamicznych z zastosowaniem
urzadzenia Drop Tower o energii uderzenia trzpienia kulistego 18 J. Przedstawiono opracowane
konstrukcje wykonanych ptyt kompozytowych z uzyciem preimpregnatu jednokierunkowego
MTM46/HTS(12K)-150-35%RW o wymiarach 150100 mm z klejem blonkowym i ptyt
kompozytowych z grafenem na nosniku z kleju blonkowego. Wykonano badania wytrzymatosci tych
ptyt na uderzenie wedlug normy ASTM D7136/7136M-15. Przedstawiono wykresy zaleznosci sity
od czasu podczas uderzenia probek oraz zaleznosci glgbokosci deformacji i energii uderzenia od
czasu w probie uderzenia. Oceniono sposob i stopien zniszczenia probek z zastosowaniem
mikroskopu. Okre$lono wpltyw grafenu na wtasciwosci kompozytu weglowo-epoksydowego.
Stowa kluczowe: kompozyt, grafen, kompozyty z grafenem, drop tower test.



