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Summary: In this paper, by means of thermogravimetric analysis method, TGA curves of
aramid fiber, resin and their composite material were obtained respectively. According to
thermogravimetric curves, fiber weight content fraction as well as the fiber volume content
fraction of composite material was determined. The results show that TGA method is a rapid
and accurate method for determination of the weight content of fiber and resin in composite
material, which could provide convenience for studying on properties of composites.

1 INTRODUCTION

The fiber volume content is an important paramete&omposite micromechanics analysis,
calculation and design, which has a significaneeffon the mechanical properties of the
composites [1, 2]. Some common measurement methditbesy volume content for fiber
reinforced resin matrix composites are the methibotmage analyzer, microscope method,
matrix dissolution method, combustion method, catigity method[3, 4]. Most of these
techniqgues are very time consuming and cost intensMoreover, for organic fiber
reinforced resin matrix composites, especially Hramid fiber reinforced resin matrix
composites, because of the diversity fabric stmegtcombustion degradation of aramid fiber
and not conductive to electricity, these methodstioeed above are not applicable to the
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determination of fiber volume content. Moreovermso commonly used methods like
thickness method [5] and density method [6] whishraore accurate methods for measuring
the fiber volume content fraction of composite algve their limitation. The thickness
method does not apply to composite material withgular thickness; the presence of voids
will affect the test results according to the dgnsiethod.

The objective of this paper is to present a TG&huad for determination of fiber content
as well as resin content of aramid fiber reinforecedin matrix composite material. This
method is useful for the experimental charactdomatof an organic fiber reinforced
composite materials and could provide convenieacstuidying on properties of composites.

2 EXPERIMENTALS

2.1 Materials

The main raw materials are F-12 aramid fiber (InM@ngolia Aerospace New Material
Co. Ltd, China), epoxy resin matrix (Aerospace Rede Institute of Materials & Processing
Technology, China). The aramid fiber reinforcedmrematrix composite material was cured
at autoclave.

2.2 Characterization

TG analyses of aramid fiber, resin and compositéerz were performed on a Seiko
Exstar 6000 TG/DTA 6200 thermal analyzer (Seikotrtmaents Inc., Chiba, Japan) in
nitrogen atmosphere from ambient temperature to°60@ith a heating rate of 20 °C/min.
2.3 Weight content fraction and volume content fration

In a composite containing only fiber and resinnmat

W, +W,_ =1 1)

1 (2)
or W =1-W,

where thve andWm is the fiber weight content fraction and resin mixatveight content
fraction respectively.
Furthermore,

V., +V,_ =1 (3)

orV, K =1-V, ()

where theVf andeis the fiber volume content fraction and resin mafolume content
fraction.

With knowledge of the densities of the constituent® can convert weight content
fraction to volume content fraction. In a composibataining only fiber and resin matrix:

V. = Wi /Py ©
f Wf/pf+(1_Wf)/pm

where P and Pris the density of fiber and resin matrix respedyive
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3 RESULTS AND DISCUSSION

3.1 The TGA curves

The TGA curves for aramid fiber, epoxy resin anel tomposite materials were shown in
Figure 1 to Figure 3. As can be seen from the T@®eas, aramid fiber and epoxy resin have
different thermal properties. In nitrogen atmosphéne loss in mass was mainly due to the

thermal decomposition.
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Figure 1: TGA curve of aramid fiber.

For aramid fiber, the thermal decomposition is abtarized by a two-stage process. In the
first stage, a small loss in mass can be observabaut 120-180°C which is due to the loss
of absorbed water. The TGA curve remains relatiiey until the temperature reaches to
500°C which means main decomposition of aramid fibe
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Figure 2: TGA curve of epoxy resin.

For epoxy resin, loss in mass can be observed @it &800°C due to decomposition.
Although the resin can not be completely decompodbd end temperature of the
decomposition reaction can be determined accordirige flat curve of DTG at about 500°C

shown in Figure 2.
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Figure 3: TGA curve of composite material.
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The different thermal properties between aramicerfiland epoxy resin can also be
illustrated by the TGA curve of the composite mialess shown in Figure 3. As can be seen
from the TGA curve in Figure 3, the decompositidraamid fiber reinforced epoxy resin
matrix composite material is characterized by adkstage process. The loss in mass at about
120°C is due to the loss of the absorbed water. % in mass in the second stage from
300°C was mainly caused by the decomposition oy resin in the composite materials
which was demonstrated from TGA curve of the epa@sin. When the temperature reaches
about 500°C, the weight loss of composite materg@lmainly caused by the decomposition
of aramid fiber which was demonstrated from TGAveuof aramid fiber.

From above analysis, within a certain temperatarege, weight loss of the composite
material caused by thermal decomposition of arafilier or epoxy resin can be used to
determine the weight content of each componenthithway, the weight content fraction of
aramid fiber as well as epoxy resin can be obtained

3.2 The calculation

According to the decomposition reaction of epoxgie the temperature range from
300°C to 500°C was selected as the temperatureerémrgcalculation. Because in this
temperature range, most of epoxy resin were deceatpas can be seen from its DTA curve.

The decomposition of aramid fiber reinforced epmatrix composite material during this
temperature range is mainly caused by the decotmpof the epoxy resin. At the same
time, a small weight loss of the aramid fiber iscaheeded to be taken into account. The
percentage of weight loss fraction from 300 °C®0 5C relative to the weight at 300 °C can
be calculated easily from the TGA curves as showhable 1.

The percentage of weight loss relative to the weagh

Sample 300 °C/%
Aramid fiber 1.79
Epoxy resin 59.45

Composite material 26.87

Table 1. Results of the percentage of weight loss.

A composite sample, the weight is A, the fiber virtigontent fraction is x, the weight loss
from 300°C to 500°C can be expressed as follow:

Al 2687 = AX[179+ A(l—-x)[ 5945 (6)

According the results in Table 1, the fiber weiglintent fraction x can be calculated
which is 56.50%, and then the epoxy resin contextibn is 43.50%. Then, the fiber volume
content fraction is 51.98% which can be calculdtedh equation (5). The density of fiber
and epoxy resin used here is 1.44g/amd 1.20g/crhrespectively.

The fiber volume content fraction of the same sangplculated from thickness method [5]
is 52.38% which has a good agreement with thetrésuh calculation of TGA curves.

4 CONCLUSIONS

For aramid fiber reinforced epoxy resin matrix casife material, the fiber content and
resin content can be obtained according to TGAyaimlwhich is a quick and accurate
method for determining the constituent contentahposite material. This method is useful
for the experimental characterization of an orgditier reinforced composite materials and
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could provide convenience for studying on propsraecomposites.
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