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Abstract. There is a growing demand for polymeric composite materials in industrial applications, such as, for
instance, bipolar plates for polymer electrolyte fuel cellsin automobile applications. This kind of composite can replace
with lower cost and greater efficiency metallic components. The basic requirement is that the composite must possess
adequate electrical and mechanical properties for the particular application. Tensile and conductivity tests were
performed in different composites. The goal of the present paper is to relate the macroscopic properties (elastic
modulus, yield strength, tensile strength, fracture strength and electrical conductivity) of graphite/epoxy composites
with the weight percentages of graphite powder. The study has demonstrated the potential of the use of epoxy/graphite
powder composites and from the initial study, it is expected a semiconductor behavior for a graphite weight fraction
around 50 wt.%.
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1. INTRODUCTION

Intrinsically (or inherently) conducting polymed€Ps) are organic polymers that conduct electrig®iyirakawaet
all. 1977, Liuet all. 2003). Such compounds may have metallic condtetor can be semiconductors. Conductive
polymers are generally not plastics, i.e., theyrmtthermoformable. But, like insulating polymetisey are organic
materials. They can offer high electrical conduttitut do not show mechanical properties as otbenmercially used
polymers do.

One way of classifying solid materials is accordiaghe ease with which they conduct an electricent; within
this classification scheme there are three growpirgnductors, semiconductors, and insulators. ISletee good
conductors, typically having conductivities on teler of 16 (Q-m)™. At the other extreme are materials with very
low conductivities, ranging between ¥tand 10%° (Q-m)* these are electrical insulators. Materials witteimediate
conductivities, generally from fto 1¢' (Q-m)™ are termed semiconductors. (Calllister).

An interesting alternative to the ICPs may be atidition of conductive filler into non conductipglymers. Such
composites combine low cost, reasonable condugtipitocessability and good mechanical strength. Qfrthe most
promising applications of such kind of composite @rfuel cells (Leet all. 2007).

From an economic and technical point of view fléxigraphite is found to be one of the best candglfdr the use
as bipolar plate material for polymer electrolytelfcells. The bipolar plate cost is a considergiale of the cost of a
polymer electrolyte fuel cell stack. Especially fartomobile applications, it is necessary to stipngduce this cost.
Nevertheless, the application of polymer electeligel cell (PEMFC) to the electrical vehicles i8l sestricted by
high material cost and complicated manufacturingcess. A combination of a minimum mechanical stiternvgth a
reasonable conductivity is a basic requirement.e@aly, carbon nanotubes, carbon blacks or cartims are added
to the matrix.

The present paper is a first step in a researcrgno aiming at using graphite powder to enhancectbetrical
conductivity of the epoxy resin. The mechanical abelctrical properties of the composite with diéier weight
percentages (0, 5, 10 and 15 wt. %) of graphitedeosmave been investigated.

The goal is to study the effect of adding graplpitevder in the epoxy matrix, analyzing both the nasital
behavior and electrical properties.
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2. EXPERIMENTAL PROCEDURES
2.1 Material

Graphite/epoxy composites with respectively 5, h@ 45 wt.% powder graphite were considered in tresgnt
study. Epoxy resin has several advantages, ingudkteptional combination properties such as hagjneghemical
resistance, high heat distortion temperature, therstability and weather properties. Powder graplist usually
incorporated into this resin to increase electraalductivity, both at ambient and high temperatuiihe composites
were manufactured in the Laboratory of PipelinetingsLED-LMTA at the Universidade Federal do Riethaneiro
(UFF) and the procedure to manufacture graphitedepomposites consists in mixing the graphite pavedel the base
resin, which consists in a diglycidyl ether bispbleA, with a spatula for approximate 15 min. Aftesmogenization,
the aliphatic amina hardener was added to stapahenerization process. Then, the produced congdésipored into
the mold. The tensile specimens were prepared diogpto ASTM D 638.

2.2 Mechanical Testing

Tensile tests were performed following the recomdagions of ASTM D 638 Standard. A prescribed strepeed
of 5mm/min was adopted. These tests were condugttldthe specimen fracture using a servo-ele¢est Universal
machine (Shimadzu-100kN). Five specimens wettedd®r each fraction of powder graphite. The pduce adopted
as a criterion for determining the Proportionalifigstablish as Proportional limit the value ofss to corresponded to
the point where a straight line cuts the absciggaa 0.02% strain, tangent to stress-strain @irve

2.3 Conductivity Testing

The electrical conductivities of the different sipeens were measured by capacitance(C) and dissipatiergy
factor(D)using model 4284A LCR meter (Inductance (L), Cétpace (C), and Resistance (R)) 20Hz to 1MHz, ia th
work we used 1000Hz. The device under test (DWT3ubjected to an AC voltage source. The meterctietbe
voltage over, and the current through the DUT. Fthenratio of these the meter can determine theniate of the
impedance. The phase angle between the voltageanent is also detected and between that andntipedance
magnitude the DUT can be represented as an L adaRC and R. The meter must assume either a plaoala series
model for these two elements (Agilent. 2000).

Capacitance is measured in Farads and the basnitidef of a Farad is a capacitor of a size suat the Ampere
flowing into it for one Second will change the témai voltage by one Volt. Capacitanceahst property of a system of
conductors and dielectrics which permits the steraf electricity when potential difference existstween the
conductors. Its value is expressed as the rataoafantity of electricity to a potential differencA capacitance value
is always positive.(Sens and Ueti, 2009)

Dissipation Factor is the tangent of the loss amgléhe insulating material. A measure of the povestor (or
losses) of a capacitor, given as D.F. = 6.28 fRQ(0%, where R is the equivalent series resistaB&R] of the
capacitor, f is the frequency (Hz.), and C is c#pace (Farads). Dissipation Factor varies withqfiency and
temperature(Eroglu, 2010)

The conductivity tests were performed at CEPEL (f2ede Pesquisas de Energia Elétrica)-Eletrobras.

3. EXPERIMENTAL RESULTS AND DISCUSSION
3.1 Tensile Tests

The experimental stress-strain curves for differgmatphite fractions are shown in fig. 1 and 2. &ble 1 are
presented the average elastic modulus, the propaitilimit, the ultimate tensile strength and teasile fracture
strength.

It can be seen that comparing the tensile tesporese of the Resin epoxy and of the Composites(egoxy with
powder graphite) that there was a variation with powder graphite addictions, the fracture stremgib reduced and
the ductility too, but there is a small increasehia elastic modulus. It can observe that betvigel® and 15 wt.% of
graphite fraction, the mechanical properties vamats smaller, it means, the mechanical testsltsestowed that the
graphite addition decrease the strength limit, thet difference behavior between the composites thieh graphite
fraction are smaller, however there are a smalie@®e in the stiffness until 1% of strain. Theultssshow also with
the graphite added a reduction of the materidingtis occurs when the strain exceeds a value abxipmtely 2.0%,
Fig.1.

The yield strength is not well defined in this carsjte, it don’t have an evident transition betwedsstic and
plastic region both before and after graphite added
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Figure 1. Tensile stress-strain curves for 0, 5ad® 15% wt. graphite fraction until fracture.
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Figure 2. Tensile stress-strain curves for 0, 5aid® 15% wt. graphite fraction until 2% of strain.

In general, to determine Yield stress in polymeniaterials is not obvious. The plateau region sefahility with
constant stress does not appear in the tensike dastes. Moreover, using the stress value assacigith 0.2% strain,
usually applied to metals is unrealistic for thdypters. Thus, it was adopted as a criterion foredwining the
Proportional limit, the procedure in which estalbléss Proportional limit the value of stress to esponded to the point
where a straight line cuts the abscissa axis 0&90.strain, tangent to stress-strain curves.

Table 1. Experimental results for tensile compaogiteperties.
Average results of 5 specimens.

Properties 0 wt.% 5 wt.% 10 wt.% 15 wt.%

Graphite graphite graphite graphite

Elastic Modulus (GP&) 1.6+0.3 2.0£0.2 2.2+0.3 2.2+0.2
Proportional limit (MPdy’ 6.0+1.0 7.0+0.8 | 10.0+0.5 8.3+0.5
Ultimate Tensile Strength (MP3)| 61.6+1.9 445511 | 39.241.2 31.5+0.9
Tensile Fracture Strength (MPa)| 59.3+1.2 44.5+1.1 39.2+1.2 31.5+0.9

Bmeasured at room temperature

The next Figures 3 and 4 shows the experimentarieters results with the trend line and curve éguaFig. 3
shows that Ultimate Tensile Strength decreases witiphite increase, nearly, in the linear way; hibws the
mechanical behavior trend with the powder grapéutdition.
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The Elastic Modulus increased lightly with graphifeis increase was around 20% with 5% of graphés,shown
in table 1 and in the Fig.4, tending to a constaaitie, in the polynomial way, with this equationpigssible also
forecast the material behavior.
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Figure 3. Ultimate Tensile Strength versus % graphvith the linear trend line and curve equation.
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Figure 4. Elastic Modulus (GPegrsus % graphite, with the polynomial trend limel @urve equation.
3.2 Conductivity Test

The electrical conductivity tests results, for éifint graphite fractions, are presented in Tabn@ FEig.5, the
results average. It can be observed that the dapaei and the product capacitance(C) x "Energypdiien factor"(D)
(C.D) increases with the graphite fraction, showthgt there is influence of the powder graphite,difying the
conductivity of the resin, it means, decreasingstedty. The curve is adjusted to a polynomiaha showing the
trend of the conductivity to rise with the graphatedition and it can help forecast that electrimthavior is not linear,
but will increase faster in high graphite fraction.

Table 2. Experimental results of the composite catidity properties.
Average results of 5 specimens.

% de grafitd C= Capacitanc® (pF) D:EEZL%ZP?'(SOZ')M“O” C.D (pF. %)
0 0.1590,003 0.125%0,001 0.019880.000534
5 0.19@0.002 0.10%0.0003 0.019950.000267
10 0.28@0.004 0.0810.001 0.022680.000604
15 0.40G:0.005 0.06%0.001 0.026680.000735
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pF = picofarad = 102 C.D= capacitance x dissipation factor
" Measured at room temperature
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Figure 5. The product of (C) Capacitance and (B8rBy dissipation factor versus % graphite curwéth the
polynomial trend line and curve equation.

4. CONCLUSION

This study is a first step of a research programirad at using graphite powder to enhance the étattr
conductivity of the epoxy resin. The mechanical atectrical properties of the composite with diéfier weight
percentages (0, 5, 10 and 15 wt.%) of graphite powdve been investigated. Although these pergestare still not
high enough to produce a semiconductor composite, study has demonstrated the potential of the afse
epoxy/graphite powder composites. Reasonably sypalhtity addition of graphite powder can modify thechanical
and electrical behavior of a polymer matrix. Theirmghallenge is that the mechanical strength ofepexy matrix
strongly decreases with the initial addiction odgjnite, but the conductivity increases very slowlge conductivity of
a semiconductor is in a range of 4@ 10 S/cm. From the initial study, it is expectedemiconductor behavior for a
graphite weight fraction around 50 wt.% .

5. ACKNOWLEDGEMENTS

The authors wish to thank CEPEL Laboratory, esfigcihe engineers Carlos Frederico Trotta Matt &ubon
Ueti for his cooperation and CAPES for financigbart.

6. REFERENCES

Agilent Technologies Company, 4284A Precision LCRt& "Precision LCR meter Operation Manual". Jayua
2000. <http://cp.literature.agilent.com/litweb/m#62-1431.pdf>

ASTM D 638-03, “Standard Test Method for Tensiloparties of Plastics”. ASTM International, Unitetates.,
December 2003.

Callister,W. D., 2000-“Materials science and engiigg : an introduction”. John Wiley & Sons, Inti&d. USA,573p.

Eroglu, A. 2010. “Experimental Methods in Measuramand Instrumentation for Electrical and Mechahica
Engineers”, Universal Publishers, USA, Oct 15, 2010

Lee, H.S., Kina, H.J., Kimg, S.G., Ahra, S.H,2007.“Evaluation of graphite composite bipolar plate &M (proton
exchange membrane) fuel cell: Electrical, mechanimad molding properties”. Journal of Material&rssing
Technology 187-188 (2007) 425428

Liu, Y.L.; HSU, C.Y.; Wei, W.L.; Jeng, R.J, 200PRreparation and thermal properties of epoxy-sii@aaocomposites
from nanoscale colloidal silicaRolymer. v. 44, p.5159-5167.

Sens, M. A. Ueti, E. “Verificacdo da exatiddo e ebndade na medicdo de capacitancia e fator de
dissipacdo."Cepal/Eletrobras-UFF, RJ, Vllisemelafio Pessoa, PB Brasil, June 17-19.



Proceedings of COBEM 2011 21* Brazilian Congress of Mechanical Engineering
Copyright © 2011 by ABCM October 24-28, 2011, Natal, RN, Brazil

Shirakawa, H., Louis, E. J., Macdiarmid, A. G., &, C. K., and Heeger, A. J. ,1977. “Satisfactoigroanalytical
data were obtained for this compound SynthesidedtEcally Conducting Organic Polymers: Halogerriatives
of Polyacetylene”, (CH)x. J.C.S. CHEM. COMM., 5786

7. RESPONSIBILITY NOTICE

The authors are the only responsible for the palimt@terial included in this paper.



